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1.0 MISSION SUMMARY

The Apollo 14 mission, manned by Alan Shepard, Jr., Commander;
Stuart A. Roosa, Command Module Pilot; and Edgar D. Mitchell, Lunar
M..dule Pilot; was launched from Kennedy Space Center, Florida, at
4:03:02 p.m. e.s.t. (21:03:02 G.m.t.) on January 31, 1971. Because of
unsatisfactory weather conditions at the planned time of launch, a
launch delay (about 40 minutes) was experienced for the first time in
the Apollo program. The activities during earth orbit and translunar
injection were similar to those of previous lunar landing missions; how-
ever, during transposition and docking following translunar injection,
six attempts were required to achieve docking because of mechanical dif-
ficulties. Television was used during translunar coast to observe a
crew inspection of the probe and drogue. All indications were that the
system was functioning normally. Except for a special check of ascent
battery 5 in the lunar module, translunar coast after docking proceeded
according to the flight plan. Two midcourse corrections were performed,
one at about 30-1/2 hours and the other at about 77 hours. These cor-
rections achieved the trajectory required for the desired lunar orbit
insertion altitude and time parameters.

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

The lunar module was undocked from the command module at about
103-3/4 hours. Prior to powered descent, an abort command was delivered
to the computer as the result of a malfunction but a routine was manu-
ally loaded in the computer that inhibited the recognition of an abort
discrete. The powered descent maneuver was initiated at about 108 hours.
A ranging scale problem, which would have prevented acquisition of radar
data until late in the descent, was corrected by cycling the circuit
breaker off and on. Landing in the Fra Mauro highlands occurred at
108:15:09.3. The landing coordinates were 3 degrees L0 minutes 2L sec-
onds south latitude and 17 degrees 27 minutes 55 seconds west longitude.

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



1-2

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

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

The ascent stage lifted off at about 141-3/L hours and the vehicle
was inserted into a 51.7- by 8.5-mile orbit. A direct rendezvous was
performed and the command-module-active docking operations were normal.
However, during the final braking phase, the lunar module abort guidance
system failed after the system was no longer required. Following crew
transfer to the command module, the ascent stage was Jjettisoned and
guided to impact approximately 36 miles west of the Apollo 1k landing
site.

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

types of processes under zero-gravity conditions were also performed and
televised to earth.

Entry was normal and the command module landed in the Pacific Ocean
at 216:01:58. The landing coordinates were 27 degrees O minutes U5 sec-
onds south latitude and 172 degrees 39 minutes 30 seconds west longitude.
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2.0 INTRODUCTION

The Apollo 1l mission was the 1lhth in a series using Apollo flight
hardware and achieved the third lunar landing. The objectives of the
mission were to investigate the lunar surface near a preselected point
in the Fra Mauro formation, deploy and activate an Apollo lunar surface
experiments package, further develop man's capability to work in the
lunar environment, and obtain photographs of candidate exploration sites.

A complete analysis of all flight data is not possible within the
time allowed for preparation of this report. Therefore, report supple-
ments will be published for certain Apollo 1l systems analyses, as shown
in appendix E. This appendix also lists the current status of all Apollo
mission supplements, either published or in preparation. Other supple-
ments will be published as necessary.

" In this report, all actual times prior to earth landing are elapsed
time from range zero, established as the integral second before 1lift-off.
Range zero for this mission was 21:03:02 G.m.t., January 31, 197T1. The
clock onboard the spacecraft was changed at 54:53:36 by adding LO min-
utes and 2.90 seconds; however, the times given in this report do not
reflect this clock update. Had the clock update not been performed, in-
dications of elapsed time in the crew's data file would have been in er-
ror by the amount of the delay in lift-off since the midcourse corrections
were targeted to achieve the prelaunch-desired lunar orbit insertion time.
Greenwich mean time is used for all times after earth landing. All ref-
erences to mileage distance are in nautical miles.
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3.0 LUNAR SURFACE EXPERIMENTS

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

A brief description of the experiment equipment used for the first time
on Apollo 1k is given in appendix A.

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

a. Deployed the modular equipment stowage assembly.

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

c. Transferred a contingency sample to the lunar module.

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

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

f. Collected surface samples including two "small-football-size"
specimens weighing approximately L.4 and 5.5 pounds.

g. Photographed activities, panoramas and equipment.

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



Following a planned rest period, the second extravehicular activity
period began with preparations for an extended geological traverse. The
duration of the second extravehicular activity period was U4 hours 34 min-
utes U1 seconds, covering a traverse of approximately 1.6 miles, during
which the crew: '

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

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

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

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

e. Retrieved the solar wind composition foil.

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

The evaluations discussed in this section are based on the data
obtained during the first lunar day — largely on crew comments and
real-time information. Certain equipment difficulties mentioned in this
section are discussed in greater detail in section 1l4.4. More compre-
hensive results will be summarized in a separate science report to be
published when the detailed analyses are complete (appendix E). The
sites at which the various lunar surface activities were conducted are
shown in the figure 3-1. The specific activities at each location are
identified in table 3-I.

t.‘
P
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Figure 3-1.- Traverse for first and second extravehicular periods.



TABLE 3-I.- LUNAR SURFACE ACTIVITIES

Station

Activities

First extravehicular activity period

Lunar module

Apollo lunar surface experiments
package deployment site

Laser rangiﬁg retro-reflector site

Comprehensive sample site
Small-football-size rock site

Sampling and photography

Apollo lunar surface experiment
activities and photography

Deployment of instrument and
photography

Sampling and photography
Sampling and photography

Second extravehicul

ar

activity period

A Sampling, photography and first
deployment of lunar portable
magnetometer

B Sampling and photography

B to Bl " Sampling

Bl Photography

B2 Sampling and photography

B3 Photography

c' Sampling, photography and
second deployment of lunar
portable magnetometer

C1 Sampling and photography

c2 Sampling and photography

C2 to E Sampling

E . Sampling

Sampling and photography
Sampling and photography
Gl Sampling and photography
H Sampling and photography
so- .. . . .
L - - — -~ — — — “— PO s i o : L




3.1 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE

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

NASA-S-71-1618
Passive Lunar north
seismic

experiment

Charged particle lunar
environment experiment

Central
station

Laser ranging n

retro-reflector

experiment ‘
100 ft

. Radioisotope thermeled\ico
First geophone & generator and base
tunar module
150 #t o
Second geophone —e-g1-
Suprathermal ion
150 # detector experiment

Cold cathode
gage experiment

i

Third geophone —e-@-

Note: Distances not to scale

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

3.1.1 Central Station

Initial conditions of the central station (ref. 1) were normal.
Pover output of the radioisotope thermoelectric generator was 69.1 watts,
and the central station thermal plate temperature averaged 73.8° F. A
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reserve power reading of 43.5 watts indicated that the basic power con-
sumption was normal for Apollo lunar scientific experiment package start-
up. As the generator warmed up, the power output increased to 72.0 watts
and has remained nearly constant at that level.

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

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

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

The Apollo lunar scientific experiment package 12-hour timer pulses
did not occur after initial central station turn-on. Subsequent tests
verified that the mechanical section of the timer was not operating. The
timer functions started to occur on February 11 and the timer provided
12-hour pulses thirteen times in succession before failing. Loss of the
timer has no adverse effect of the Apollo lunar experiment package since
all functions are being accomplished by ground command. This problem is
discussed further in section 1L.L.L.

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

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

a. The long-period vertical component seismometer is unstable in
the normal mode (flat-response mode). (See section 1L.4.6 for a dis-
cussion of this anomaly.) The problem was eliminated by removing the
feedback filter and operating in the peaked-response mode. In this mode,
the siesmometer has a resonant period of 2.2 seconds instead of the nor-
mal period of 15 seconds. Without the extended flat response, the low-
frequency data is more difficult to extract. However, useful data are
being obtained over the planned spectrum by data processing techniques.

- b. The gimbal motor which levels the Y-axis long-period seismometer
has not responded to commands on several occasions. In these cases, the
reserve power status indicates that no power is being supplied to the
motor. The power control circuit of the motor is considered to be the
most likely cause of this problem. Response to commands has been achieved
in all cases by repeating the motor drive command. (See section 1L.L.5
for a more detailed discussion of this problem.)

3.1.3 Active Seismic Experiment

The active seismic experiment (appendix A, section A.L.1l) was de-
ployed during the first extravehicular period with the first geophone
approximately 10 feet southwest of the central station and the geophone
array extending in a southerly direction (figs. 3-2 and 3-3). The Apollo
lunar scientific experiment package was commanded to the high-bit-rate
mode for 28 minutes during the active seismic experiment/thumper mode of
operation. Thumping operations began at geophone 3 (the furthest from
the central station) and proceeded for 300 feet at 15-foot intervals to-
ward geophone 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 an initiator. (See section 14.k.1 for
further discussion of this anomaly.)

A calibration pulse was sent prior to the last thumper firing veri-
fying that all three geophones were operational. The mortar package, was
deployed 10 feet north-northwest of the central station and aimed to fire
four grenades on command from earth to distances of 500, 1000, 3000 and



NASA-S-71-1619

Active seismic
experiment mortar
package

Passive
seismic

Figure 3-3.- Apollo lunar surface experiment package
components deployed on the-lunar surface.




3-9

5000 feet in a northerly direction. Firing of the four mortars has not
been scheduled. Postmission tests and analyses are being performed to

establish the appropriate time and provisions for conducting this part

of the experiment.

3.1.4 Suprathermal Ion Detector Experiment

The suprathermal ion detector experiment (ref. 2) was deployed
southeast of the Apollo lunur surface experiments package central sta-
tion (fig. 3-2). Noisy data were received at turn-on (section 1k4.L4.2)
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 amount of lunar dust which adhered to one end of
the package when it fell over several times during deployment (fig. 3-k4),
the temperatures throughout the lunar day and night remained within the
range allowed for the instrument. PFPhotographs show that the instrument
is properly deployed and 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-k4).
The deployment was accomplished after several attempts in which the crew-
man experienced difficulty with the stiffness of the connecting cables
while handling the suprathermal ion detector experiment, the cold cathode
gage, and the ground screen at the same time.

The experiment was first turned on shortly before lunar module de-
pressurization for the second extravehicular activity. Commands were
sent to the instrument to turn on the high voltage and to open the cold
cathode gage seal. The cold cathode gage data came off the initial full-
scale indications much more rapidly than expected, indicating that the
seal may have been open earlier than commanded.

Because a spontaneous change in the operational mode of the cold
cathode gage and the suprathermal ion detector experiment occurred after
about 1/2 hour of operation, the high voltages were switched off until
after lunar sunset. When the high voltages were switched back on after
lunar sunset, the response of the cold cathode gage went to the most
sensitive range, indicative of the low ambient pressure. When the
pressure rose at lunar sunrise as expected, the mode of operation was
changed by a ground command to a less sensitive range, and the calibrate
pulses appeared normal. The experiment is operating normally.
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NASA-S-71-1620

Suprathermal ion
detector experiment

Cold cathode
gage experiment

Figure 3-U4.- Suprathermal ion detector experiment and cold
cathode gage experiment deployed on the lunar surface.
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3.1.6 Charged Particle Lunar Environment Experiment

The charged particle lunar environment experiment (ref. 3) instru-
ment (figs. 3-2 and 3-5) was first commanded on at 117 hours 58 minutes
during the first extravehicular activity for a 5-minute functional test
and the instrument was normal. The complete instrument checkout showed
that prelaunch and post-deployment counting rates agreed within 20 per-
cent, with the exception of channel 6 in analyzer B. The counting rates
on channel 6 were twice as high as the prelaunch values. The condition
is attributed to the behavior of scattered electrons in the physical
analyzers which behave quite 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

NASA-S-71-1621

o, "
Charged particle lunar
environment experiment S—

\ -

Figure 3-5.- Charged particle lunar environment experiment
deployed on the lunar surface.
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affect the science data. All command functions of 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 lunar module ascent, the charged particle lunar environment
experiment was commanded on at 142 hours 7 minutes and the dust cover
was removed about 15 hours and 20 minutes later. Operating temperatures
are nominal. The maximum temperature during lunar day is 136° F and the
minimum temperature during lunar night is minus 11° F. The instrument's
operational heater cycled on automatically when the electronics tempera-
ture reached 32° F at lunar sunset, and was commanded on in the forced-on
mode at 14° F, as planned.

The instrument, on one occasion, changed from the manual mode (at
the plus 3500-volt step) to the automatic mode. The instrument was sub-
sequently commanded back into the manual mode. There is no evidence in
the data which would indicate the cause of the mode change.

3.2 LASER RANGING RETRO-REFLECTOR

The laser ranging retro-reflector (ref. L4) was deployed during the
first extravehicular activity at a distance of approximately 100 feet
west of the Apollo lunar scientific experiment package central station
(figs. 3-2 and 3-6). Leveling and alignment were accomplished with no
difficulty. The instrument was ranged on by the McDonald Observatory
team prior to lunar module lift-off and a high-quality return signal was
received. Ranging after lift-off, while not yet conclusive, indicates
no serious degradation of the retro-reflector resulting from the effects
of the ascent stage engine firing.

3.3 LUNAR PORTABLE MAGNETOMETER EXPERIMENT

The lunar portable magnetometer (appendix A, section A.L.2) was de-
ployed at site A and near the rim of Cone Crater (fig. 3-1) during the
second extravehicular activity period. The instrument operated nominally
in all respects. The 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 gammas at Cone Crater. Vector component measurements of these
readings were well within the dynamic range of the instrument. Leveling,
orientation, and positioning were accomplished without difficulty; how-
ever, the experiment cable was difficult to rewind. This problem is dis-
cussed in greater detail in section 1kL.L.3.
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Figure 3-6.- Laser ranging retro-reflector experiment
deployed on the lunar surface.
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3.4 SOLAR WIND COMPOSITION EXPERIMENT |

The solar wind composition experiment (ref. 4), a specially pre-
pared aluminum foil rolled on a staff, was deployed during the first ex-
travehicular period for a foil exposure time of approximately 21 hours.
Deployment was accomplished with no difficulty; however, during retrieval,
approximately half the foil rolled up mechanically and the remainder had
to be rolled manually.

3.5 LUNAR GEOLOGY

The landing site in the Fra Mauro highlands is characterized by
north-south trending linear ridges that are typically 160 to 360 feet
in height and 6000 to 13 000 feet in width. The ridges and valleys are
disfigured by craters ranging in size from very small up to several thou-
sand feet in diameter.

The major objective of the geology survey was to collect, describe,
and photograph materials of the Fra Mauro formation. The Fra Mauro for-
mation is believed to be ejecta from the Imbrium Basin, which, in turn,
is believed to have been created by a large impact. This material is
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, and photograph representa-
tive materials in the Cone Crater ejecta. Most of the returned rock
samples consist of fragmental material. Photographs taken on the ejecta
blanket of Cone Crater show various degrees of layering, sheeting, and
foliation in the ejected boulders. A considerable variety in the nature
of the returned fragmental rocks has been noted.

During the first extravehicular activity, the crew traversed a total
distance of about 1700 feet. On their way back to the lunar module after
deployment of the Apollo lunar scientific experiment package, the crew
collected a comprehensive sample and two "football-size" rocks. The com-
prehensive sample area was photographed with locator shots to the Apollo
lunar scientific experiment package and to the lunar module prior to sam-
pling, and stereo photographs were taken of the two "football-size" rocks
before they were removed from the surface. The location of the Apollo
lunar scientific experiment package and the sampling and photographic
sites for the first extravehicular activity are shown in figure 3-1.
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The traverse during the second extravehicular activity covered a
total distance of about 10 000 feet. The actual line of traverse is
shown in figure 3-1. The crew reached a point within about 50 feet of
the rim of Cone Crater. The crew was behind the timeline when they
neared the rim of the crater; therefore, several of the preplanned sam-
ple and photographic stations along the route back to the lunar module
were omitted. There was difficulty in navigating to several of the pre-
planned station points 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 samples. Approximately 25 samples can be accurately located using
photographs and the air-to-ground transcript, and the orientation of 12
to 15 on the lunar surface prior to their removal can be established.

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

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

3.6 LUNAR SOIL MECHANICS

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

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

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

3.7 MODULAR EQUIPMENT TRANSPORTER

The modular equipment transporter (described in appendix A, sec-
tion A.2.1 and shown in fig. 3-7) was deployed at the beginning of the
first extravehicular activity. Deployment was impeded by the thermal
blanket which restrained the modular equipment transporter from rotating
down from the bottom of the modular equipment stowage assembly. The crew
released -.the transporter by pulling the upper pip-pins and allowing the
transporter and thermal blanket to fall freely to the lunar surface. The
-thermal blanket was easily discarded and erection of the transporter went
as planned. The tires had inflated as expected. Equipment was loaded on
the transporter without difficulty. Two of the three pieces of Velcro
which held the lunar maps on the transporter handles came off at the be-
ginning of the first extravehicular activity. These pieces had been
glued on a surface having a different finish than the one to which the
Velcro adhered.

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

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

The Apollo 11 through 1k missions have placed a considerable amount
cf equipment on the lunar surface. Figure 3-8 shows the locations of
all Apollo hardware that has been placed or impacted on the lunar surface.
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L.0 LUNAR ORBITAL EXPERIMENTS

Four lunar orbital experiments were conducted on Apollo 1lL: the
S-band transponder experiment, the downlink bistatic radar experiment,
gegenschein/Moulton point photography from lunar orbit, and the Apollo
window micrometeoroid experiment (a space exposure experiment not re-
quiring crew participation). Detailed objJectives associated with pho-
tography while in lunar orbit and during transearth flight are discussed
in addition to the aforementioned experiments. The evaluations of the
lunar orbital experiments given here are based on preliminary data.

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

L.1 S-BAND TRANSPONDER

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

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

L.2 BISTATIC RADAR

The objectives of the bistatic radar experiment were to obtain data
on lunar surface roughness and the depth of the regolith to a limit of
30 to 60 feet. The experiment was also designed to determine the lunar
surface Brewster angle, which is a function of the bulk dielectric con-
stant of the lunar material. No spacecraft equipment other than the nor-
mal spacecraft systems was required for the experiment. The experiment
data consists of records of VHF and S-band transmissions from the command



L-2

and service module during the frontside pass on revolution 25, with
ground-based detection of both the direct carrier signals and the sig-
nals reflected from the lunar surface. Both the VHF and S-band equip-
ment performed as required during revolution 25. The returned signals
of both frequencies were of predicted strength. Strong radar echoes
were received throughout the pass and frequency, phase, polarization and
amplitude were recorded. Sufficient data were collected to determine,

in part, the Brewster angle.
4.3 GEGENSCHEIN/MOULTON POINT PHOTOGRAPHY FROM LUNAR ORBIT

The experiment required three sets of photographs to be taken to
help differentiate between two theoretical explanations of the gegen-
schein (fig. 4-1). Each set consisted of two 20-second exposures and

NASA-S-71-1625
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Figure L-1.- Camera aiming directions for gegenschein/
Moulton point photography.
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one 5-second exposure taken in rapid succession. One set was obtained of
the earth orbit stability point in the earth-sun system (Moulton point)
to test the theory that the gegenschein is light reflected from a con-
centration of particles captured about the Moulton point. Two additional
sets were taken to test another theory that the glow is light reflected
from interplanetary dust that is seen in the anti-solar direction. 1In
this theory, the brightening in the anti-solar direction is thought to be
due to higher reflectivity of particles exactly opposite the sun. For

an observer on earth, the anti-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-solar direction by approximately 15 degrees, and therefore, can
distinguish between the two possible sources.

The 16-mm data acquisition camera was used with an 18-mm focal
length lens. The camera was bracket-mounted in the right-hand rendez-
vous window with a right angle mirror assembly attached ahead of the
lens and a remote control electrical cable attached to the camera so
that the Command Module Pilot could actuate the camera from the lower
equipment bay. The flight 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 means of photographic den-
sitometer and isodensitrace readings during data reduction. The inves-
tigators also obtained ground photography of the phenomena using identi-
cal equipment and film prior to the time of Apollo 14 data collection.

The experiment was accomplished during the 15th revolution of the
moon. The aiming and filming were excellent and the experiment has dem-
onstrated that long exposures are practicable.

L.4 APOLLO WINDOW METEOROID EXPERIMENT

The objective of this experiment is to determine the meteoroid
cratering flux for particles responsible for the degradation of glass
surfaces exposed to the space environment. The Apollo command module
windows are used as meteoroid detectors. Prior to flight, the windows
are scanned at 20x to determine the general background of chips, scratches
and other defects. During postlfight investigations, the windows will
again be scanned at 20x to map all visible defects. The points of inter-
est will then be magnified up to T65x for further examination. The
Apollo 12 and 13 side windows and hatch windows were examined following
those flights and the results were compared with preflight scans. No
meteoroid impacts larger than 50 microns in diameter were detected on
the Apollo 12 windows although there was an increase in the number of
chips and other low-speed surface effects. The Apollo 13 left-hand-side
#indow had a suspected meteoroid impact 500 microns in diameter.
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4.5 DIM-LIGHT PHOTOGRAPHY

Low-brightness astronomical light sources were photographed using
the 16-mm data acquisition camera with the 18-mm lens. The sources in-
cluded the zodiacal light, the galactic light, the lunar libration region
(Lh) and the dark side of the earth.

All star fields have been readily identified and camera pointing
appears to have been within one degree of the desired aiming points with
less than one-third of a degree of image motion for fixed positions.
‘This is well within the limits requested prior to flight, and it confirms
that longer exposures, which had been originally desired, will be pos-
sible for studies such as these on future Apollo missions. The zodiacal
light is apparent to the unaided eye on at least half of the appropriate
frames. The galactic light survey and lunar libration frames are faint
and will require careful work. Earth-darkside frames of lightning pat-
terns, earth-darkside photography during transearth coast, and S-IVB
photographs were overexposed and are unusable.

4.6 COMMAND AND SERVICE MODULE ORBITAL SCIENCE PHOTOGRAPHY

This photography consisted of general coverage to provide a basis
for site selection for further photography, interpretation of lunar sur-
face features and their evolution, and identification of specific areas
and features for study. The Apollo lunar missions have in the past ob-
tained photographs of these areas as targets-of-opportunity or in support
of specific objectives.

The Apollo 13 S-IVB impact area was given highest priority in orbit-
al science photography. The target was successfully acquired on revolu-
tion 34 using the Hasselblad camera with the 500-mm lens, and the crew
optical alignment sight to compensate for the spacecraft's motion. Sec-
ond priority was given to the lunar module landing target which was ob-
tained with the lunar topographic camera on revolution 1li. However, the
camera malfunctioned and subsequent photography with this camera was
deleted (section 14.3.1).

A total of eight photographic targets was planned for hand-held pho-
tography using color film; three were to be taken with the 500-mm lens
(a total of 35 lunar degrees), and five with the 250-mm lens (a total
of 130 lunar degrees). The 500-mm targets were successfully acquired.
Three of the five 250-mm targets were deleted in real-time for operational
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reasons (60 lunar degrees), and two were successfully acquired (70 lunar
degrees). A total of 65 percent of off-track photography has been suc-
cessfully acquired.

The earthshine target was successfully acqﬁired using both the
Hasselblad data camera with the 80-mm lens and the 16-mm data acquisition
camera with the 18-pm lens.

4.7 PHOTOGRAPHS OF A CANDIDATE EXPLORATION SITE

High-resolution photographs of potential landing sites are required
for touchdown hazard evaluation and propellant budget definition. They
also provide data for crew training and onboard navigational data. The
photographs on this mission were to be taken with the lunar topographic
camera on revolution 4 (low orbit), and 27 and 28 (high orbits). During
revolution U, malfunction of the lunar topographic camera was noted by
the Command Module Pilot. On revolutions 27, 28, and 30, the 70-mm
Hasselbald camera with the 500-mm lens (lunar topographic camera backup
system) was used to obtain the required photography. About L0 frames
were obtained of the Descartes region on each revolution using the crew
optical alignment sight to compensate for image motion. The three targets
were successfully acquired.

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

4.8 VISIBILITY AT HIGH SUN ANGLES

This photography was accomplished to obtain observational data in
the lunar environment for evaluating the ability of the crew to identify
features under viewing and lighting conditions similar to those that
would be encountered during descent for a T plus 24 hour launch. The
results will have a bearing on decisions to land at higher sun angles,
which, in turn, could ease launch and flight constraints. Photography
of the lunar surface in support of this detailed objective was obtained
using the Hasselblad data camera and the 80-mm lens. This was done for
three targets, two on the moon's far side and one on its near side.
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L4L.9 TRANSEARTH LUNAR PHOTOGRAPHY

Photographs were taken of the visible disc of the moon after trans-
earth injection to provide changes in perspective geometry, primarily
in latitude. The photographs will be used to relate the positions of
lunar features at higher latitudes to features whose positions are known
through landmark tracking and existing orbital stereo strips. The pho-
tography was successful using the Hasselblad data camera with the 80-mm
lens and black-and-white film. Additional coverage with the 70-mm
Hasselblad camera and the 250-mm lens using color film was also obtained.
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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 segments 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 has 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 an electric field is applied.
This effect is known as electrophoresis. Molecules of different sub-
stances move at different speeds; thus, some molecules will outrun others
as they move from one end of a tube of solution toward the other. This
process might be exploited to prepare pure samples of organic materials
for applications in medicine and biological research if problems due to
sample sedimentation and sample mixing by convection can be overcome.

A small fluid electrophoresis demonstration apparatus (fig. 5-1) 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 and 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 as expected; however, separation of the hemoglobin
and DNA cannot be detected. Postflight examination of the apparatus in-
dicates that the samples were not released effectively to permit good
separation, causing the dyes to streak. However, the fact that the dyes
separated supports the principle of electrophoretic separation and shows
that sedimentation and convection effects are effectively suppressed in
the space environment. The hemoglobin and 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. 5-2) was designed to evalu-
ate the use of tank baffles in transferring a liquid from one tank to
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Figure 5-1.- Electrophoresis demonstration unit.
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Figure 5-2.- Liquid transfer demonstration unit.
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another under near-zero-gravity conditions. The demonstration was con-
ducted using two sets of tanks, one set containing baffles and the other
without baffles. Transfer of liquid between the unbaffled tanks was un-
successful, as expected. Transfer between the baffled tanks demonstrated
the effectiveness of two different baffle designs.. Photographic data in-
dicate that both designs were successful in permitting liquid transfer.

5.3 HEAT FLOW AND CONVECTION

A The purpose of the heat flow and convection demonstration (fig. 5-3)

was to obtain data on the types and amounts 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
can occur in space by means of mechanisms other than gravity. For in-
stance, surface tension gradients and, 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 displayed by color-sensitive, liquid crystal thermal strips and
the color changes filmed with a 16-mm data camera. Review of the film
has shown that the expected data were obtained.

5.4 COMPOSITE CASTING

This demonstration was designed to evaluate the effect of near-zero-
gravity on the preparation of cast metals, fiber-strengthened materials, A
and single crystals. Specimens were processed in & small heating cham-
ber (fig. 5-4) and returned for examination and testing. A total of
11 specimens was processed. No problems with the procedures or equip-
ment were noted. An x-ray of the samples verified that good mixing
occurred.
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Figure 5-4.- Composite casting demonstration unit.
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6.0 TRAJECTORY

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 maneuvers. These changes were: (a) The service propul-
sion system was used to perform the descent orbit insertion maneuver
placing the command and service modules in the low-perilune orbit (9.1
miles). (b) A direct rendezvous was performed using the ascent pro-
pulsion system to perform the terminal phase initiation maneuver.

Tables 6-I and 6-II give the times of major flight events and definitions
of the events; tables 6-III and 6-IV contain trajectory parameter infor-
mation; and table 6-V is a summary of maneuver data.

6.1 LAUNCH AND TRANSLUNAR TRAJECTORIES

The launch trajectory is reported in reference 5. The S-IVB was
targeted for the translunar injection maneuver to achieve a 2022-mile
pericynthion free-return trajectory. The command 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-IVB performed a programmed pro-
pellant dump and two attitude maneuvers that directed the vehicle to a
lunar impact. The impact coordinates were 8 degrees 05 minutes 35 sec-
onds south latitude and 26 degrees 0l minute 23 seconds west longitude;
156 miles from the prelaunch target point but within the nominal impact
zone.

6.2 LUNAR ORBIT

6.2.1 Orbital Trajectory

The service propulsion system was used to perform the lunar orbit
insertion maneuver. -The orbit achieved had an apocynthion of 169 miles
and a pericynthion of 58.1 miles. After two lunar revolutions, the serv-
ice propulsion system was again used, this time to perform the descent
orbit insertion maneuver which placed the combined spacecraft in an orbit
with a pericynthion of 9.1 miles. On previous missions, the lunar module
descent propulsion system was used to perform this maneuver. The use of
the service propulsion system allows the lunar module to maintain a
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TABLE 6-I.- SEQUENCE OF EVENTS®

Range zero - 21:03:02 G.m.t., January 31, 1971
Lift-off - 21:03:02.6 G.m.t., January 31, 1971
Translunar injJection maneuver, Firing time = 350.8 sec
Translunar injection

S-IVB/command module separation

Translunar docking

'Spacecraft ejection

First midcourse correction, Firing time = 10.1 sec
Second midcourse correction, Firing time = 0.65 sec
Lunar orbit insertion, Firing time = 370.8 sec
S-IVB lunar impact .
Descent orbit insertion, Firing time = 20.8 sec
Lunar module undocking and separation )
Circularization maneuver, Firing time = U sec
Powered descent initiation, Firing tlme = T6L4.6 sec
Lunar landing

Start first extravehicular activity

First data from Apollo lunar surface experlment package
Plane change, Firing time = 18.5 sec

Complete first extravehicular activity

Start second extravehicular activity

End second extravehicular activity

Lunar lift-off, Firing time = 432.1 sec

Vernier adjustment maneuver, Firing time = 12.1 sec
Terminal phase initiation

Terminal phase finalization

Docking

Lunar module Jettison

Separation maneuver

Lunar module deorbit maneuver, Firing time = T6.2 sec
Lunar module lunar impact

Transearth injection, Firing time = 149.2 sec
Third midcourse correction, Firing time = 3.0 sec
Command module/service module separation

Entry interface

Begin blackout

End blackout

Drogue deployment

Landing

Elapsed time,
hr:min:sec

02:28:32
02:34:32
03:02:29
0L :56:56
05:47:1k
30:36:08
76:58:12
81:56:41
82:37:52

103:47:k42
105:11:46
108:02:27
108:15:09
113:39:11
116:47:58
117:29:33
118:27:01
131:08:13
135:42:54
141 :45:40
141 :56:49
142:30:51
143:13:29
143:32:51
1L45:44:58
145:49:43
147:1h:17
147:42:23
148:36:02
165:34:57
215:32:42
215:47:45
215:48:02
215:51:19
215:56:08
216:01:58

85ee table 6-II for event definitions.
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TABLE 6-II.~ DEFINITION OF EVENT TIMES

Event
Range zero
Lift-off

Translunar injection maneuver

S-1VB/command module separation, translunar
docking, spacecraft ejection, lunar module
undocking and separation, docking, and com-
mand module landing

Comnand and service module and lunar module
computer-controlled maneuvers

Command and service module and lunar module
non-computer-controlled maneuvers

S-IVB lunar impact

Lunar module descent engine cutoff time
Lunar module impact

Lunar landing

Beginning of extravehicular activity
End of extravehicular activity

Apollo lunar surface experiment packege first
data

Command module/service module separation
Entry interface

Begin and end blackout
Drogue deployment

Earth landing

Definition
Final integral second before lift-off
Instrumentation unit umbilical disconnect

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

The time of the event based on analysis of
spacecraft rate and accelerometer data

The time the computer commands the engine on
and off

Engine ignition as indicated by the appropri-
ate engine bilevel telemetry measurement

Loss of S-band transponder signal

Engine cutoff established by the beginning of
drop in thrust chamber pressure

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

First contact of a lunar module landing pad
with the lunar surface as derived from anal-
ysis of spacecraft rate data

The time cabin pressure reaches 3 psia during
depressurization

The time cabin pressure reaches 3 psia during
repressurization

Receipt of first data considered to be valid
from the Apollo lunar surface experiment
package telemetry system

Separation indicated by command module/service
module separation relays A and B via the
telemetry system

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

S-band communication loss due to air ionization

during entry

Deployment indicated by drogue deploy releays
A and B via the telemetry systea

The time the command module touches the water
as determined from accelerometers
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TABLE 6-III.- TRAJECTORY PARAMETERS®

. Meference Tim, | latitute, | longitoe, | Mtivs, | OPeSm-ELImd | RN R rrveig
o s P .
body brimin:sec bl dos wlle ft/as0 @mgle, tog | tagBory
Tremslumar phene

Trumslwmas iajection ‘ Rarth 02:34:31.9 | 19.538 w172 8 179.1 | 35 sk 7.8 65.59

Camand e2d service moduls/B-IVB Barth 03:02:29.% | 19.23 ¥ 15301 ¥ h 297.0 | 26 089.2 46.00 . -65%.m
separation

Pocking Bt | ovis6:s6 | 3w | ammeew | 206034 23208 66.31 a.m

Command and service moduls/lunar Rarth 05:hT:10.0 | 30.91 ¥ 1M TA W 26296 1 TS 68.%5% n.2%
wotuls ejscttan fram 8-IVB : « .

First midoouree correction : . . -
Ignitica Burth 30:36:07.9 | 28.87 ¥ 1%.33 v | 18 515.0 & M37.9 76.07 101.98
Cutoff Rarth 30:36:18.1 | 28.87 % 13037 v | 118 522.1| b %T.2 6. 102,83

Becand midoourse correction . . B . Lo
Ignitice . Mom 76:58:12.0 0.56 ¥ 61.80 ¥ 1 90.3| 3m.d -£0.1 295.57
Catof? Moan 76:58:12.6 0.56 ¥ 6.0 @ n 69.7 LR LS f0a 93.6

lamar Qrdit pheme ,
Lonar arbit insertion f .
Ignition ’ Moca 81:56:%0.7 2.03 1 1Th.B1 W . 87.h 8 061.M .97 257.9
Ogor? Mocn 82:02:51.5 0.20 ¥ 161.58 B 6h.2 s hs8.5 1.3 338,
8-TVB impact Mocn 82:37:52.2 )
. |Descent ordit insertico
Ignition Moo 86:10:53.0 6.58 ¥ 173.60 ¥ 59.2 5 b8k.8 =0.08 287,00
Cutorr Moon ; 86:11:13. 6.29 % 1T8.65 W 59.0 5 279.5 =0.03 206,94

Commend ead service module/lunar Moan 103:4T:41.6 | 12.658 | 61.76 % 20.5] 5Ms.8 -1.52 241.6
eodnle separstico

Comand end service module circo-

larissticn : :
Ignition Moo 105:11:46.1 7.05% 178.56 B 60.5 s 2n.3 0.1 208,58
Cutof? Mocn 105:11:50.1 7.0h B 176.35 & 60.3 5 3h2.1 0.22 248, %6

Powered dsscent initistion Mocn 108:02:26.5 7.38 8 15T W 7.8 5 565.6 0.08 290,64

lan@ing Mocn 108:15:09.3 _

Gamand end service moduls pleme

changy . :
Ignitiea Moan 117:29:33.1 [ 10.63 8 96.31 B 62.1 s 3331 -0.00 231.
Outof? Mo 117:29:51.6 | 10.78 8 9s.h0 B 6.1 S 333.3 0.0 0.9

Asvest Moon 2N1:05:00 -

Veruisr edjustasst Moan 181:56:09. 4 0.5 AW 1.1 5 588.5 0.52 282.1

Ternina) phese initisticn Mocn 162:30:51.1 | 1N 1.6 ¥ N8 5 396.6 0.7y 263.0

Terminal pheme final Mocn 183:13:29.1 | 11.38 1767 B 58.8 S 5.5 =0.002 265.5

| pocking Mocn 143:32:50.5 | 10.18 8 161.8T v 58.6 5 353.5 o.n 268.06

Lunar aotals Jettisn Mom | 1NS:Mu:S8.0 3218 21.80 V- 9.9 5 3Wh.6 0.1 8.9

Comsand ead service module Moo 145:49:02.5 0.62 ¥ .58 W 60.6 s 3h1.7 o.119 282.3
separstion .

Limar aacfuls ascent stage deorbit . . .
Ignitiam . Moca INT:16:16.9 ] 11928 67.03 B 5T.2 5 350.7 0.018 261.3
Cwtore Mo 18T:15:33.1 | 12,12 8 63.53 % 5T.2 5 1TT.0 0.019 261.7

ULmar spduls escest stege impact Mo 10T:02:23.0 k28 19.6T W 0.0 5 30b.9 -3.683 26.7

‘Trapsearth iajection . .
Ignition Mocn 148:36:02.3 7.1 61.55 W 60.9 S 3%0.6 -0.17 260.80
Cutors Moan 148:38:31.5 6.64 ¥ 168.85 & 66.5 8 %05.0 5.9 266.09

Trensearth coast phase

Third aidoourde correctiam Barth | 165:30:56.7| 25.TT ® W.A3E |16 T23.8| 3 3.2 1.6 124,08

Oqmmd a04als /service maduls Barth 215:32:42.2 | .02 8 9438 B 19650} 29 0%0.8 -3%.62 utn
asperetion .

Entry aad landing phases
Batry Barth 215:0T:45.3 | 36.36 8 165.80 ¥ 66.80| 3 170.2 -6.37 70.00
Landing Barth 216:01:58.1
®3ee table 6-IV for trejectory and orbital parsmeter definitions.
Al
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TABLE 6-IV.- DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS

Trajectory parameters

Geodetic latitude

Selenographic latitude

Longitude

Altitude

Space-fixed velocity

Space-fixed flight-path angle

Space-fixed heading angle

Apogee

Perigee

Apocynthion

Pericynthion

Period

Inclination

Longitude of the ascending node

Definition

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

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

The spherical coordinate, as measured in the equatorial
plane, between the plane of the reference body's prime
meridian and the plane of the spacecraft meridian, dey

The distance measured along a vector from the center of
the earth to the spacecraft. When the reference body is
the moon, it is the distance measured from the radius of
the landing site to the spacecraft along a vector from
the center of the moon to the spacecraft, ft or miles

Magnitude of the inertial velocity vector referenced to

the body-centered, inertial reference coordinate system,
ft/sec

Flight-path angle measured positive upward from the body-
centered local horizontal plane to the inertial velocity
vector, deg

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

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

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

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

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

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

The true nﬁgle between the spacecraft orbit plane and the
reference body's equatorial plane, deg

The longitude at wvhich the orbit plane crosses the refer-
ence body's equatorial plane going from the Southern to
the Northern Hemisphere, deg
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TABLE 6-V.- MANEUVER SUMMARY

(a) Translunar
Igmition time l Firing time . Velocity fesultent pericynthion contitioms
Mamaver Bysten 'hr:lin:lec sec . ;:7"“"' Altitude, | Velocity, | Latitude, | Longitude, | Arrival time,
sec miles ft/sec deg:min deg:min br:min:sec
Translunar injectica 8-IVB 2:28:32.L 350.8 10 366.5 1979 5396 'BUR | 1T2:2k W 82:15:19
Comend and service mod- | Reaction control 5:4T:14.4 6.9 0.8| 1980 5550 2:56 W 173:52 W 82:11:20
ule/lunar sodule sepa~
retion from B-IVB
8-IVB evasive maneuver 8-IVB auxiliery 6:0b4:20 8.0 9.5 0 8368 2:05 N 131:52 W 82:01:01
propulsion
First midcourse correc- | S8ervice propulsion 30:36:07.9 10.1 n.1 61 8130 2:21 1 167:08 3 82:00:45
tion
Becond midcourse cor- Service propulsion 16:58:12 0.65 3.5 61 153 2:12 1 16T:1 B 82:40:36
rection
(b) Lmar orbit
fesultant ordit
Velocity
suve: Ignition time, | Firing time,
Maa v Systea hr:min:sec sec ;:7“. * | Apocynthion, | Pericynthiam,
sec uiles ailes
lamar orbit insertion Bervice propulsion 81:56:40.7 370.8 3022.4 169.0 58.1
Descent crbit insertian Service propulsion 86:20 :53 20.8 205.7 58.8 9.1
Command sodule/lunar mod- Bervice module reaction 103:47:41.6 2.7 0.8 60.2 7.8
ule separation control
Lupar orbit circularisation | Bervice propulsico 105:11:46.1 4.0 7.2 63.9 56.0
Povered descent initiation Descent propuleice 108:02:26.5 764 :6 6639.1 - -
Lmmar orbit plane chenge Service propulsion 117:29:33.1 18.5 370.5 62.1 5T.7
Lmar orbit insertian Ascent propulsiam 141 :45:40 (%251 6066.1 S51.7 8.5
Vernier sdjustment Iamar module reactian 141:56:49.4 12.1 10.3 51.2 8.h
coatrol
Terminal phase initiation Ascent propulsion 142:30:51.1 3.6 88.5 60.1 6.0
Termioal phase finalize- Lunar sodule resction 143:13:29.1 26.7¢ 32.0¢ 61.5 58.2
tion coatrol
Pinal separstion Bervice module reactian 145:49:42.5 15.8 3.k 63.k 56.8
control
Limar sodule deordit Lunar module reaction 147:1k:16.9 76.2 186.1 56.7 -5.8
control
STheoretical valuss.
(c) Trunsearth
Resultant entry interface condition
Brent Systen Ignition time, | Piring time, v::::“”
br min :sec sec poy /-5:' Tlight-path | Velocity, | Latitude, | Longituds, | Arrival time,
angle, deg ft/sec deg:ain dag:min hr:min:sec
Treansearth injection | Bervice propulsian | 148:36:02.3 149.2 3460.6 -1.3 36127 27:028 | 171:30 W | 216:26:59
!‘{rd midcourse cor- | Bervice module 165:34:56.7 3.0 0.5 -6.63 36 170 36:30 8 165:15 ¢ 216:27:21
rection reaction control
'LI L3N - . . By - . . . , y
. a— . [, — — — - a— e ts Ao j s [,
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higher descent propulsion system propellant margin. Both vehicles re-
mained in the low-pericynthion orbit until shortly after lunar module
separation. After separation, the pericynthion of the command and serv-
ice modules was increased to 56 miles and a plane-change maneuver was
later executed to establish the proper conditions for rendezvous.

6.2.2 Lunar Descent

Preparations for lunar descent.- The powered descent and lunar land-
ing were similar to those of previous missions. However, the navigation
performed in preparation for powered descent was more accurate because
of the command and 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 command module relative to a known land-
mark near the landing site was accurately determined from sextant marks
taken on the landmark. Corrections for known offset angles between the
landmark and the landing site were used to compute a vector to the land-
ing site. This vector was sent to the lunar module. Also, the Mission
Control Center propagated this vector forward to the time of landing to
predict errors due to navigation. This procedure was performed during
the two revolutions before powered descent and a final landing site up-
date of 2800 feet was computed and relayed to the crew. After ignition
for the powered descent, the crew manually inserted the update into the
computer. )

Powered descent.- Trajectory control during descent was nominal,
and only one target redesignation of 350 feet left (toward the south)
was made to take advantage of a smoother landing area. After manual
takeover, 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 lunar module computer were in error by about 1800 feet.

Coordinates of the landing point are 3 degrees L0 minutes 24 sec-
onds south latitude and 17 degrees 27 minutes 55 seconds west longitude,
which is 55 feet north and 165 feet east of the prelaunch landing site
(fig. 6-2). (Further discussion of the descent is contained in section

8.6.)

a [ — a— pus . a— — L A Ao L —
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Figure 6-1.- Crossrange and altitude plotted against downrange during final phase of descent.
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6.2.3 Lunar Ascent and Rendezvous

Lift-off from the lunar surface occurred at 1U41:45:40, during the
31st lunar revolution of the command and service modules. After L432.1
seconds of firing time, the ascent engine was automatically shut down
with velocity residuals of minus 0.8, plus 0.3, and plus 0.5 ft/sec in
the X, Y, and Z axes, respectively. These were trimmed to minus 0.1,
minus 0.5, and plus 0.5 ft/sec in the X, Y, and Z axes, respectively.
Comparison of the primary guidance, abort guidance, and the powered
flight processor data showed good agreement throughout the ascent as
can be seen in the following table of insertion parameters.

Horizontal Radial
Data source velocity, velocity, Altitude, ft
ft/sec ft/sec
Primary. guidance and
navigation system 55L4 30 60 311
Powered flight processor 55k 29 60 3L45
Abort guidance system 5542 29 60 309

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

The lunar module rendezvous navigation was accomplished throughout
the rendezvous phase and all solutions agreed closely with the ground
solution. The command module which was performing backup rendezvous
navigation was not able to obtain acceptable VHF ranging data until after
the terminal phase initiation maneuver. The VHF anomaly is discussed in
section 1L4.1.4. Figure 14-T is a comparison of the relative range as
measured by lunar module rendezvous radar and command module VHF, and
determined from command module state vectors and the best-estimate tra-
Jectory propagations. The VHF mark taken at 142:05:15 and incorporated
into the command module computer's state vector for the lunar module
caused an 8.8-mile relative range error.

Several sextant marks were taken after this error was introduced.
Because the computer weighs the VHF marks more heavily than the sextant
marks, the additional sextant marks did not reduce the error significant-
ly. The ranging problem apparently cleared up after the terminal phase
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initiation maneuver and the VHF was used satisfactorily for the midcourse
corrections. Table 6-VI provides a summary of the rendezvous maneuver
solutions.

TABLE 6-VI.- RENDEZVOUS SOLUTIONS

Computed velocity change, ft/sec
Maneuver Lunar Command and
Network .
module service module
Terminal phase V.= 63.0 V. = 62.1 V = -6T7.4
initiation V= 1.0 V= 0.1 v = 0.5
v*z' = 67.0 v’zf = 63.1 "Z = -69.2
Vt = 092.0 Vt = 88.5 Vt = 96.6
First midcourse No ground V. =-0.9 \' 1.3
correction solution. vV = 0.2 v = 0.1
vbz' = 0.6 = -1
Vt 1.1 Vt = 1.7
Second midcourse No ground V.= -0.1 vV = 0.6
correction solution. vE o= 0.1 vV = _0.2
v’z’ = -1.14 v’z’ = 2.2
Vt 1.6 Vt = 2.3

6.2.4 Lunar Module Deorbit

Two hours after docking, the command and service modules and lunar
module were oriented to the lunar module deorbit attitude, undocked, and
the command and service modules then separated from the lunar module.
The lunar module was deorbited on this mission, similar to Apollo 12.
The deorbit was performed to eliminate the lunar module as an orbital
debris hazard for future missions and to provide an 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
T5-second deorbit firing 1 hour 24 minutes 19.9 seconds after the com-
mand and 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 L0 minutes 1 second west longitude with a
velocity of about 5500 feet per second. This point was 36 miles from the
Apollo 1k landing site, 62 miles from the Apollo 12 landing site, and
T miles from the prelaunch target point.
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6.3 TRANSEARTH AND ENTRY TRAJECTORIES

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

Fifteen minutes prior to entering the earth's atmosphere, the com--
mand module was separated frow tne service moduie. The command module
was then oriented to blunt-end-forward for earth entry. Entry was nom-
inal and the spacecraft landed in the Pacific Ocean less than one mile
from the prelaunch target point.

6.4 SERVICE MODULE ENTRY

The service module should have entered the earth's atmosphere and
its debris landed in the Pacific Ocean approximately 650 miles southwest
of the command module landing point. No radar coverage was planned nor
were there any sightings reported for confirmation.




7.0 COMMAND AND SERVICE MODULE PERFORMANCE

T.1 STRUCTURAL AND MECHANICAL SYSTEMS

Structural loads on the spacecraft during all phases of the mission
were within design limits. The predicted and calculated loads at lift-
off, in the region of maximum dynamic pressure, at the end of first stage
boost, and during staging were similar to those of previous missions.
Cammand module accelerometer data prior to S-IC center engine cutoff in-
dicate a sustained 5-hertz longitudinal oscillation with an amplitude of
0.17g, which is similar to that measured during previous flights. Oscil-
lations during the S-II boost phase had a maximum measured amplitude of
less than 0.06g at a frequency of 9 hertz. The amplitudes of both oscil-
lations were within acceptable structural design limits.

-Six attempts were required to dock the command and service module
with the lunar module following translunar injection. The measured rates
and indicated reaction control system thruster activity during the five
unsuccessful docking attempts show that capture should have occurred each
time. The mechanism was actuated and inspected in the command module
following docking. This investigation indicated that the probe mechanical
components were functioning normally. Subsequent undocking and docking
while in lunar orbit were normal. The probe was returned for postflight
analysis. The docking anomaly is discussed in detail in section 1k4.1.1.

T.2 ELECTRICAL POWER

T.2.1 Power Distribution

The electrical power distribution system performed normally except
for two discrepancies. Prior to entry, when the bus-tie motor switches
were operated to put the entry batteries on the main busses, battery C
was not placed on main bus B. This anomaly was discovered by the data
review after the flight. Postflight continuity checks revealed that the
circult breaker tying battery C to main bus B was inoperative. This
anomaly is described in section 1L4.1.T.

The second discrepancy occurred during entry. 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 manually deactivated,
after landing, by opening the in-line circuit breakers on Panel 275 (a
normal procedure). Review of data indicated and postflight tests con-~
firmed that the motor switch which tied battery A to main bus A was in-
operative. This anomaly is described in section 1L4.1.6.
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T.2.2 Fuel Cells

The fuel cells were activated LB hours prior to launch, conditioned
for b hours, and configured with fuel cell 2 on the line supplying a
20-ampere load as required in the countdown procedure. Fuel cells 1 and
3 remained on open circuit until 5 hours prior to launch. At launch,
fuel cell 1 was on main bus A with fuel cell 2, and fuel cell 3 was on
main bus B. This configuration was maintained throughout the flight.
Initially, the load variance was approximately 5 amperes, but it stabi-
lized to 3 or 4 amperes early in the flight. This is normal and typical
of other flights.

All fuel cell parameters remained within normal operating limits
and agreed with predicted flight values. As expected, the fuel cell 1
condenser-exit temperature exhibited a periodic fluctuation about every
6 minutes throughout the flight. This zero-gravity phenomenon was simi-
lar to that observed on all other flights and has no effect on fuel cell
performance (ref. 6).

The fuel cells supplied 435 kW-h of energy at an average current of

23 amperes per fuel cell and a mean bus voltage of 29 volts during the
mission.

T.2.3 Batteries

The command and service module entry and pyrotechnic batteries per-
formed normally. Entry batteries A and B were both charged once at the
launch site and five times during flight with nominal charging perform-
ance. Load sharing and voltage delivery were satisfactory during each
of the service propulsion firings. The batteries were essentially fully
charged at entry.

T.3 CRYOGENIC STORAGE

Cryogenics were satisfactorily supplied to the fuel cells and to
the environmental control system throughout the mission. The configura-
tion changes made as a result of the Apollo 13 oxygen tank failure are
described in appendix A. A supplemental report giving details of sys-
tem performance 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 found to have failed in the open position and
was replaced with an in-line double-seat valve. During flight, this
valve allowed gas leakage into tank 2 from tank 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
pressure of 60 psid. This is significantly higher than that normally
experienced during a flight. Tests have been conducted to characterize
the nature of the check valve leakage at low pressure differential and
show that this situation is not detrimental to operation under abnormal
as well as normal conditions.

Two flow tests on the oxygen system were conducted during flight.
One was to demonstrate the capability of the system to support additional
flow requirements for extravehicular activities. The other was to deter-
mine the heater temperature while operating with the oxygen density less
than 20 percent. The intent of these two tests was met and favorable
results were obtained although test procedures were modified because of
time constraints. The oxygen system is capable of supporting the antic-
ipated requirements for Apollo 15 and subsequent missions. The low-
density flow test indicated that the oxygen system can provide required
flow- rates at low densities and the data obtained provides for a more
accurate assessment of heater operating temperature.

Consumable quantities in the cryogenic storage system are discussed
in section T7.10.3.

T.4 COMMUNICATIONS EQUIPMENT

The communications system satisfactorily supported the mission ex-
cept for the following described conditions.

The high-gain antenna failed to acquire and track properly at various
times during the mission. The problems occurred during the acquisition
of signal rather than after acquisition. In this regard, the problem is
different from those experienced during Apollo 12 and 13 where the high-
gain antenna lost lock or failed to track after acquisition. This is
discussed in further detail in section 14.1.2.

From just prior to lunar lift-off through terminal phase initiation,
the VHF system performance was marginal. Voice communications were weak
and noisy, and the VHF ranging performance was erratic and erroneous.

The voice communications problem is not related to the VHF problems ex-
perienced on previous missions where they were determined to be proced-
ural errors. Switching antennas in the command and service module and
elimination of the ranging signal did not clear up the problems. The

problems are believed to have been caused by equipment malfunction, but
the source has not been isolated to a particular component of the total
system. Section 1k.1l.l4 contains a detailed discussion of this anomaly.
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7.5 INSTRUMENTATION

The instrumentation system functioned normally throughout the mission
except for the loss of the reaction control system quad B oxidizer mani-
fold pressure measurement during separation of the command and service
module from the launch 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 panel 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 instrumentation circuit. Further, redun-
dant 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 thermal control, cislunar navigation, as well as
photography and landmark tracking from lunar orbit. The stability of
the inertial measurement unit error parameters was excellent. The only
anomaly in the guidance, navigation and control systems was failure of
the entry monitor system 0.05g light to illuminate. This is discussed
in section 1k4.1.5.

Because of inclement weather, the lift-off was delayed for the first
time in the Apollo program. This required the flight azimuth to be changed
from 72 degrees to 75.56 degrees and the platform to be realigned accord-
ingly. A comparison of command and service module and S-IVB navigation
data indicated satisfactory performance during the launch phase. Inser-
tion errors were plus 7.02, plus 61.02, and minus 7.50 ft/sec in the X,
Y, and Z axes, respectively. These errors were comparable to those ob-
served on other Apollo launches. The only significant error was in the
Y-axis velocity caused by a prelaunch azimuth alignment error of 0.1k de-
gree due to one-sigma gyrocompassing inaccuracies. Table 7-I is a sum-
mary of preflight inertial measurement unit error parameters after its
installation in the command module. An update to the inertial parameters
was performed at approximately 29 hours. The three accelerometer biases
were updated to minus 0.32, plus 0.12 and minus 0.13 cm/sec?, and the
X-gyro null bias drift was updated to plus 0.4 meru (milli earth-rate
units).

The first platform realignment was performed after insertion and
agreed with the predicted alignment errors due to prelaunch azimuth
errors. Table 7-II is a summary of significant parameters during each
of the platform realignments.




TABLE 7-I.- INERTIAL COMPONENT PREFLIGHT HISTORY - COMMAND MODULE

Error Sample | Standard No. of Countdown Flight Inflight
mean deviation | samples value load performance
Accelerometers
X - Scale factor error, ppm . . . . . . =Ll 58 8 -500 =370 -
Blas, ca/sec? . . . . ... ... . -0.23| 0.13 8 -0.31 -0.23 -0.3k
Y - Scale factor error, Pp@ . . . . . . =k} L9 8 -505 =500 -
Blas, cm/sec? . . . . ... ... 0.05| 0.07 8 0.13 0.0k 0.09
Z - Scale factor error, ppa . . . . . . =278 L9 8 -320 -310 -
Blas, c/sec? . . . . .. ... .. -0.9| o.07 8 -0.18 -0.29 -0.18
Gyroscopes
X - Null bias drift, meru . . . . . . . 0.9 |- 0.6 8 1.8 2.5 %.0
Acceleration drift, spin reference
axis, meru/g . . . . ¢ o« o o o. oW 3.0 2.0 8 L.9 1.0 -
Acceleration drift, input
axis, meru/g . . . . . . .. o. 1.7 1.5 8 -1.6 0.0 -
Y - Rull bias 4rift, meru . . . . . . . -3.4 0.8 8 -k.2 -3.4 1.7
Acceleration drift, spin reference '
axis, meru/€ . . . . .« . . . . . 3.2 1.5 8 3.8 3.0 -
Acceleration drift, input
axis, meru/g -+ « + s o4 ..o . -9.9 L.s 16 -9.7 -5.0 -
2 - Null bias drift, meru . . . . . . . 1.6 0.9 8 2.5 1.6 0.0
Acceleration drift, spin reference
axis, neru_/g .......... -3.1 1.0 8 -2.k -3.9 -
Acceleration drift, input
axis, meru/g€ . . . . - . . . . . L3.8 6.4 8 SL.1l k0.0 -

.Intluht performance average before update vas minus 2.0.

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

Performance during each of the seven service propulsion system ma-~
neuvers was nominal. Trimming of residual velocity errors was performed
only after the circularization and transearth injection maneuvers.

Table T-III is a summary of significant control system parameters for
each of the maneuvers. The second midcourse correction was accomplished
with a minimum-impulse service propulsion system maneuver in order to

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

TABLE 7-II.- COMMABD ARD SERVICE MODULE PLATFORM ALIGEMENT SUMMARY

Gyro torguing angle, Star angle Cyro drift, meru
Time, | Program Star used deg difference Comments
hr:min | option® de *
x Y z 8 x Y z

00:58 3 22 Regulus, 24 Giensh 0.085 | . 0.010 | 0.166 0.00 Launch orientation

6:%0 3 17 Regor, 1k Canopus 0.127 | -0.060 | -0.011 0.00 -1.k | +0.7 | -0.1 | Launch orientation

1b:13 3 31 Arcturus, 35 Rasalhague 0.271 | -0.127 { -0.036 0.01 -2.5 1.2 | -0.3 | Passive thermal control orientatiam
29:20 3 20 Dnoces, 23 Denebola 0.549 | -0.1% 0.082 0.01 -2.0 0.6 0.4 | Passive thermal control orientation
L0:1 3 1 Alpheratz, 40 Altair -0.039 | -0.221 0.046 0.00 0.2 1.4 0.3 | Passive thermal control orientation
53:11 3 20 Dnoces, 23 Denebola 0.006 | -0.129 0.052 0.00 -0.0 0.7 0.3 } Passive thermal control orientation
59:41 3 13 Capella, 3 Bavi -0.073 | -0.093 0.033 0.00 0.8 1.1 0.4 Passive thermal control orientation
76:52 3 23 Denedbola, 32 Alphecca 0.056 { -0.262 0.038 0.00 -0.2 1.0 0.1 | Passive thermal control orientation
19:39 3 27 Alkaid, 35 Rasalhague -0.007T | -0.04S 0.010 0.00 0.2 1.1 0.2 | Passive thermal control orientation
84:09 3 30 Menkent, 35 Rasalhague 0.001 | -0.055 0.002 0.01 -0.2 1.2 | -0.5 | Landing site orientation

86:10 3 16 Procyon, 1T Regor -0.050 | -0.070 } -0.0LS 0.01 1.7 2.3 ] -1.5 ]| Landing site orientation

88:05 3 16 Procyon, 20 Dnoces -0.031 0.002 0.027 0.01 1.1 0.1 0.9 | Landing site orientation
101:2k 3 17 Regor, 30 Menkent 0.073 | -0.229 0.000 0.00 -0.b 1.1 0.0 | Landing site orientation
105:09 3 40 Altair, 42 Peacock 0.030 | -0.038 0.028 0.01 -0.6 0.7 0.2 | Landing site orientation
109:12 3 34 Atria, 37 Bunki -0.012 § -0.043 0.003 0.01 0.2 0.7 0.0 | Landing site orientation
17:08 3 22 Regulus, 27 Alkaid 0.021 | -0.105 0.055 0.02 -0.2 0.9 0.5 | Landing site orientation
1n9:27 3 12 Rigel, 21 Alphard -0.027 | -0.065 0.018 0.00 1.3 1.9 0.5 | Launch orientation
131:19 3 10 Mirfak, 12 Rigel -0.036 | -0.157 0.091 0.01 0.3 1.2 0.7 | Launch orientation
137:18 3 6 Aceamar, 14 Canopus -0.002 | -0.166 | -0.005 0.00 0.0 1.8 | -0.1 | Launch orientation
140:53 3 31 Arcturus, 30 Menkent 0.079 | -0.006 | -0.001 0.00 -1.3 0.1 | -0.0 | Launch orientation
1L6:58 3 2k Giensh, 31 Arcturus 0.018 | -0.091 0.050 0.00 -0.2 1.0 0.5 | Launch orientation .
150:17 3 L Achernar, 3k Atria 0.037 | -0.106 | -0.043 0.01 -0.7 2.1 0.9 | Transearth injection orientation
163:49 3 11 Aldebaran, 16 Procyon 0.0k6 | -0.1Th 0.017 0.00 -0.2 0.8 0.1 | Passive thermal control orientation
186:34 3 25 Acrux, U2 Peacock 0.040 | -0.460 0.076 | 0.00 -0.1 1.3 0.1 | Passive thermal control orientation
192:14 3 4l Dabih, 34 Atria -0.038 | -0.10k | -0.003 | 0.01 0.1 1.2 0.0 | Passive thermal control orientatim
196:58 3 17 Regor, 40 Altair -0.009 | -0.109 0.038 0.01 0.1 1.5 0.5 | Passive thermal control orientation
208:11 3 25 Acrux, 33 Antares 0.0T1 | -0.161 0.026 0.01 -0.4 1.0 0.2 | Passive thermal control orientation
212:99 3 16 Procyon, 23 Denebola -0.0k9 | -0.010 0.014 0.01 0.7 0.1 0.2 | Passive thermal coantrol orientation
213:11 1 23 Denebola, 16 Procym 0.021 0.002 | -0.036 0.01 -1.0 | -1.0 -1.6 | Entry orientation
214:39 3 30 Menkent, 37 Bunki 0.0 | -0.0k0 | -0.069 0.00 -1.8 1.8 | -3.2 | Entry orientation

®) - Preferred; 2 - Nominal; 3 - REFSMMAT; 4 - Landing site.
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TABLE T-III.- GUIDANCE AND CONTROL MANEUVER SUMMARY

Maneuver
Parameter .First Second Iunar orbit Descent orbit Lunar orbit First Trans earth Third
midcourse midcourse insertion insertion circularization | plane change injection midcourse
correction correction correction
Time
Ignition, hr:min:sec 30:36:07.91 | 76:58:11.98 81:56:40.70 86:10:52.97 105:11:46.11 117:29:33.17 148:36:02.3 165:34:56.69
Cutoff, hr:min:sec 30:36:18.10 | 76:58:12.63 82:02:51.54 86:11:13.78 105:11:50.13 117:29:51.67 148:38:31.53 -
Duration, min:sec 0:10.19 0:00.65 6:10.84 0:20.81 0:0L.02 0:18.5 2:29.23 0:03.00
Velocity gained, i‘t./secb
(desired/actual)
X +11.0/410.9 | -1.8/-1.9 |+1957.9/+1958.2 | +185.3/+185.7 | -76.8/-7k.9 -Th.5/-Th. 4 |-328L.7/-3285.4 | -0.5/-0.7
Y +63.1/+63.3 | +0.3/+0.2 |-2301.0/-2301.2 | -51.L4/-52.5 -11.1/-10.6 +188.1/+188.0 | +236.3/+236.6 +0.2/0
z +30.9/430.9 | +3.3/+3.4 +80.0/+79.9 -13.0/-13.2 -9.6/-9.3 -310.1/-310.9 |-1061.3/-1061.8 | +0.1/0
Velocity residual, ft/sec’
X +0.3 +0.3 +0.3 +0.6 -1.0 +0.6 +.1 40.2
Y 0 0 0 +0.2 0 +0.L +.8 +0.2
z -0.1 0 [o] 0 +0.5 +0.2 -.3 +0.1
Entry monitor system +0.3 +0.5 -0.3 -0.2 +0.L +1.2 +2.5 0
Engine gimbal position, deg
Initial
Pitch +1.00 +0.87 +0.87 +1.50 -0.75 -0.88 -0.66
Yaw -0.18 -0.2L -0.26 -0.60 +0.24 +0.20 +0.12
Maximum excursion
Pitch +0.32 +0.05 +0.k9 +0.27 -1.92 -2.1L -2.10
Yaw -0.L7 -0.09 +0.49 -0.30 +1.61 +1.53 +1.27 N/A
Steady-state
Pitch +1.00 N/A +1.14 +1.59 -0.71 -0.68 -0.53
Yaw -0.18 -0.26 -0.60 +0.12 +0.16 -0.26
Cutoff
Pitch +1.00 +0.92 +1.63 +1.72 -0.T1 -0.62 -0.62
Yaw -0.26 -0.35 -0.65 -0.60 40.07 -0.05 -1.62
Maximum rate excursion, deg/sec /
Pitch -0.12 0 -0.16 +0.28 +1.23 +1.b2 +1.32
Yaw -0.12 0 +0.16 +0.20 -0.68 -1.12 -1.32 N/A
Roll +0.08 0 +0.20 +0.12 -0.59 -0.72 -1.86 /
Maximum attitude error, deg /
Pitch -0.15 0 +0.16 -0.16 -0.31 +0.25 +0.2k
Yaw -0.22 -0.0L -0.15 -0.08 -0.1k -0.26 -0.31 N/A
Roll -1.31 0 +5.00 -0.60 -0.84 -3.78 £5.00

®This maneuver was performed using reaction control system.

bInertial coordinates

®Body coordinates (+ indicates underburn)
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conserve reaction control propellant. This was the first service pro-
pulsion system minimum-impulse maneuver performed during a lunar mission.
The third midcourse correction was performed with the reaction control
system.

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

The command and service module combination was separated from the
lunar module after the descent orbit insertion maneuver. Command and
service module circularization and plane-change maneuvers were then per-
formed, and the Command Module Pilot accomplished a series of photographic
and landmark tracking operations. For the first time, rate-aided optics
were available to assist the crew in making optical sightings.

The sextant and VHF ranging data were used to track the lunar mod-
ule after the vernier adjustment maneuver following ascent from the lunar
surface. Unacceptable VHF ranging data were received in the interval be-
tween lunar module insertion and the terminal phase initiation maneuver;
however, the data received during the final phase of rendezvous were good.
For a detailed discussion of rendezvous, see section 6.2.3. For a dis-
cussion of the VHF ranging anomaly, see section 1k.1.4.

Only one midcourse correction was required on the return trip to
meet the entry interface conditions. Cislunar navigation was performed
during the transearth phase to simulate returning to earth with no com-
munications. Accuracy of the onboard navigation techniques was demon-
strated but the crew commented that the computer/crew operational inter-
face could be improved by incorporating a recycle feature in the cislunar
navigational sighting program.

The command module was separated from the service module at 215:32:42
and the normal pitch-down disturbance was observed. The entry monitor
system 0.05g light did not illuminate within the allowed 3 seconds after
the predicted time for 0.05g. The crew started the system manually ac-
cording to the checklist. Refer to section 14.1.5 for further discussion
of this anomaly. Table T7-IV is a summary of entry monitor system null-
bias tests performed during the mission. Accelerometer stability and
performance were excellent.

The primary guidance system guided the command module to a landing
at 27 degrees 0 minutes 45 seconds south latitude and 172 degrees 39 min-
utes 30 seconds west longitude, which is 0.62 mile from the targeted
landing point.
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TABLE T-IV.- RESULTS OF ENTRY MONITOR SYSTEM NULL BIAS TESTS

Teat® 1 2 3 4 5 6 7 8 9
Time : 01:50:00 109:34:50| 29:11:20 | 58:28:00 | 75:59:00 | 79:45:00 { 84:31:00 | 118:20:00] 165:15:00
Eotry monitor system reading -100 -100 -100 =100 -100 =100 -100 -100 -100
at stert of test, ft/sec
Entry soaitor systes resding | -99.5 -99.4 -99.6 -98.9 -98.4 -98.5 -99.4 -98.5 -99.0
at end of test, ft/sec
Differential ;!lnelw bies, +0.5 +0.6 OO.I'A +1.1 +1.6 +1.5 +0.6 +1.5 +1.0
ft/sect®
Sull bies, ﬂll.ea +0.005 +0.006 +0.004 +0.011 +0.016 +0.015 +0.006 +0.015 +0.010

®Zach test duration is 100 seconds.
SeCount up is positive bies.

T.T REACTION CONTROL SYSTEMS

T.7.1 Service Module

Performance of the service module reaction control was normal
throughout the mission. All telemetry parameters stayed within nominal
limits throughout the mission with the exception of the quad B oxidizer
manifold pressure. This measurement was lost when the command and
service module separated from the S-IVB. The quad B helium and fuel
manifold pressures were used to verify proper system operation. Total
propellant consumption for the mission was 102 pounds less than predicted;
however, propellant consumption during transposition, docking and extrac-
tion was about 60 pounds more than planned because of the additional ma-
neuvering associated with the docking difficulties. The propellant mar-
gin deficiency was recovered prior to lunar orbit insertion, and nominal
margins existed during the remainder of the mission. Consumables infor-
mation is contained in section T7.10.2.

T.7.2 Command Module

The command module reaction control systems performed satisfactorily.
Both systems 1 and 2 were activated during the command module/service
module separation sequence. Shortly after separation, system 2 was dis-
abled and system 1 was used for the remainder of entry. All telemetry
data indicated nominal system performance throughout the mission. Con-
sumables information is contained in section T7.10.2.

. . . . . . .
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7.8 SERVICE PROPULSION SYSTEM

Service propulsion system performance was satisfactory based on the
steady-state performance during all firings. The steady-state pressure
data, gaging system data, and velocities gained indicated essentially
nominal performance. The engine transient performance during all starts
and shutdowns was satisfactory. Nothing in the flight data or postflight
analysis indicated combustion instability or the cause of the slight hum
or buzzing noise reported by the pilot (ref. 9.13).

The propellant utilization and gaging system provided near-ideal
propellant utilization. The unbalance at the end of the transearth in-
Jection firing was reported by the crew to be 40 1lbm, decrease, which
agrees well with telemetry values.

During the Apollo 9, 10, 11, and 12 missions, the service propulsion
system mixture ratio was less than 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 propellant utilization
valve in the increase position. Consequently, the propellant utilization
valve. was in the increase position at launch.

Figure T-2 shows the variance in fuel and oxidizer remaining at
any instant during the lunar orbit insertion and transearth injection
firings, as computed fram the telemetry data, and the propellant utiliza-
tion valve movements made by the crew. The preflight expected values
and propellant utilization movements are also shown. The service pro-
pulsion system propellant usage for the mission is discussed in sec-
tion T7.10.1.

T.9 ENVIRONMENTAL CONTROL AND CREW STATION

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

The environmental control system was used in conjunction with the
cryogenic oxygen system to demonstrate the capability of providing oxygen
at high flow rates such as 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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approximately L.4S psia. The test, scheduled to last 2-1/2 hours, was
terminated after 70 minutes when the 100-psi oxygen manifold pressure
decayed to about 10 psi. This was caused by opening of the urine over-
board dump valve which caused an oxygen demand 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 cryogenic oxygen system. (Also see section T7.3.)

Inflight cabin pressure decay measurements were made for the first
time during most of the crew sleep periods to determine more precisely
the cabin leakage during flight. Preliminary estimates indicate that
the flight leakage was approximately 0.03 1b/hr. This leek 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 1k4.1.8.

The crew reported several instances of urine dump nozzle blockage.
Apparently the dump nozzle was clogged with frozen urine particles. The
blockage cleared in all instances when the spacecraft was oriented so
that the nozzle was in the sun. This anomaly is discussed further in
section 1L4.1.3.

Intermittent communications dropouts were experienced by the Com-
mander at 29 hours. The problem was corrected when the Commander's
constant wear garment electrical adapter was replaced. The anomaly is
discussed further in section 14.3.k.

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

Sodium nitrate was 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 was
noted in the water. The crew reported some difficulty in inserting the
buffer ampules into the injector. The ampules and injector are being
tested to establish the cause of the problem. The crew also indicated
that the food preparation unit leaked slightly after dispensing hot water.
This problem is discussed further in section 14.1.T.
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T.10 CONSUMABLES

The command and service module consumable usage during the Apollo 1k
mission was well within the red line limits and, in all systems, differed
no more than 5 percent from the predicted limits.

T.10.1 Service Propulsion Propellant
Service propulsion propellant loadings and consumption values are

listed in the following table. The loadings were calculated from gaging
system readings and measured densities prior to lift-off.

Propellant, 1b
Condition -

Fuel Oxidi zer Total
Loaded 15 695.2 25 061 Lo 756.2
Consumed 1k 953.2 23 900 38 853.2

" Remaining at command module/ Th2 1 161 1 903

service module separation
Usable at command module/ 596 866 1 Lé2
service module separation

T.10.2 Reaction Control System Propellants

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

sure histories and were based on pressure, volume, and temperature rela-
tionships.

p N — | 58 PN A —
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Propellant, 1b
Condition
Fuel Oxidizer Total
Loaded |
Quad A 110.1 225.3 335.L
Quad B 109.9 225.2 335.1
Quad C 110.L 226.5 336.9
Quad D 109.7 223.5 333.2
Total L4o.1 900.5 1340.6
8Usable loaded 1233
Consumed 250 476 726
Remaining at command module/ 507
service module separation

8Usable loaded propellant is the amount loaded minus the
amount trapped and with corrections made for gaging errors.

Command module.- The loading and utilization of command module re-
action control system propellant was as follows. Consumption was calcu-
lated from pressure, volume and temperature relationships.

Propellant, 1lb
Condition
Fuel Oxidizer Total
loaded
System 1 Ly.3 78.6 122.9
System 2 Ly .5 78.1 122.6
Total 88.8 156.7 24s5.5
8Usable loaded 210.0
Consumed b
System 1 L1
System 2 L
Total L5

8Usable loaded propellant is the amount loaded minus the
amount trapped and with corrections made for gaging errors.
Estimated quantity based on helium source pressure profile
during entry.
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T.10.3 Cryogenics

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

Hydrogen, 1b Oxygen, 1b

Condition
Actual Planned Actual Planned

Available at 1lift-off

Tank 1 26.97 320.2
Tank 2 26.55 318.9
Tank 3 - 197.2
Total 53.52 853.52 | 836.3 | 2836.3
Consumed
Tank 1 . 19.12 119.3
Tank 2 19.14 113.8
Tank 3 - 163. 4
Total 38.26 38.62 396.5 Lh12.1

Remaining at command module/
service module separation

Tank 1 o 7.85 7.87 200.9 20k4.2
Tank 2 7.1 7.03 205.1 195.2
Tank 3 - - 33.8 24.8

Total 15.26 1k.90 439.8 L2y .2

8Updated to lift-off values.
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7.10.4 Water

The water quantities loaded, produced, and

sion are shown in the following table.

expelled during the mis-

Condition

Quantity, 1b

Loaded (at 1lift-off)
Potable water tank
Waste water tank

Produced inflight

Fuel cells
Lithium hydroxide reaction
Metabolic

Dumped overboard
Waste tank dumping
Urine and flushing

Evaporated up to command module/ -
service module separation

Remaining onboard at command module/

service module separation

Potable water tank
Waste water tank

28.5
32.4

342.3
21.0
21.0

236.9
133.2

9.0
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8.0 LUNAR MODULE PERFORMANCE

8.1 STRUCTURAL AND MECHANICAL SYSTEMS

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

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

Landing on the lunar 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 and plus-Z footpads followed within 2 sec-
onds and the vehicle came to rest with attitudes of 1.8 degrees pitch
down, 6.9 degrees roll to the right and 1.4 degrees yaw to the left of
west. Very little, if any, of the vehicle attitude was due to landing
gear stroking. The final rest attitude of approximately 7 degrees was
due almost entirely to local undulations at the landing point (fig. 8-2).
From a time history of the descent engine chamber pressure, it appears
that descent engine shutdown was initiated after first footpad contact
but before plus-Y footpad contact. The chamber 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 11 and Apollo 12, these simulations and photographs indicate that
landing gear stroking was minimal if it occurred at all. Photographs

also indicate no significant damage to the landing gear thermal insula-
tion.

Sixteen-millimeter films taken from the command module prior to
lunar-orbit docking support a visual observation by the crew that a
strip of material about 4 feet long was hanging from the ascent stage
base heat shield area. The base heat shield area is designed to pro-
tect the ascent stage from the pressure and thermal environment result-
ing from ascent engine plume impingement during staging. The absence
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Figure 8-1.- Attitude errors and rates during lunar landing sequence.
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of abnormal thermal responses in the ascent stage indicates that the
heat shield was fully effective. Similar conditions have occurred dur-
ing qualification tests whereby one or more layers of the heat shield
material have become unattached. In these cases, the thermal effective-
ness of the heat shield was not reduced. ~

8.2 ELECTRICAL POWER

The electrical power distribution system and battery performance was
satisfactory with one exception, the ascent battery 5 open-circuit voltage
decayed from 37.0 volts at launch to 36.7 volts at housekeeping, but with
no effect on operational performance. All power switchovers were accom-
plished as required, and parallel operation of the descent and ascent bat-
teries was within acceptable limits. The dc bus voltage was maintained
above 29.0 volts, and meximum observed current was T3 amperes during pow-
ered descent initiation.

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

8.3 COMMUNICATIONS EQUIPMENT

S-band steerable antenna operation prior to lunar landing was inter-
mittent. Although antenna operation during revolution 13 was nominal,
acquisition and/or tracking problems were experienced during revolutions
11 and 12. Acquisition was attempted but a signal was not acquired dur-
ing the first 3 minutes after ground acquisition of signal on revolu-
tion 14. Because of this, the omnidirectional antennas were used for
lunar landing. The steerable antenna was used for the ascent and rendez-
vous phase and the antenna performed normally. The problems with the
steerable antenna are discussed in section 1k4.2.3.

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

During the latter part of the first extravehicular period, the tele-
vision resolution decreased. The symptoms of the problem were indicative
of an overheated focus coil current regulator. This condition, while not
causing a complete failure of the camera, resulted in defocusing of the

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

The VHF system performance was poor from prior to lunar lift-off
through terminal phase initiation. This problem is discussed in detail
in sections T.4 and 1k.1.k4.

8.4 RADAR

The landing radar self-test was performed at 105 hours bl minutes,
and 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 was about 10.9 miles®. This condition prevented acqui-
sition of ranging signals at slant ranges greater than 3500 feet, and ve-
locity signals at altitudes greater than about L600 feet. The radar was
returned to high-scale by recycling the circuit breaker. A detailed dis-
cussion of this problem is given in section 1k.2.4. Range and velocity
performance from a slant range of about 25 000 feet to touchdown is shown
in figure 1L4-22. There were no zero Doppler dropouts and no evidence of
radar lockup resulting from particles scattered by the engine exhaust
plume during lunar landing.

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

8.5 INSTRUMENTATION

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

aReferenced to landing site elevation.
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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 guidance system was turned
on, the computer digital clock was initialized, and the platform was
aligned to the command module platform. Table 8-I is a summary of the
primary guidance platform alignment data. The abort guidance system was
turned on at 102 hours 4O minutes and the attitude reference aligned to
the lunar module platform. Table 8-II is a summary of inertial measure-
ment unit component errors measured prior to launch and in flight. The
abort guidance system was aligned to the primary guidance system six
times, but data were available for only five, and are shown in table
8-III. - Also shown in table 8-III are data from the independent alignment
of the abort system performed in preparation for lunar lift-off. The
abort guidance system had been aligned to the gravity vector and an azi-
muth angle supplied by the ground. 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 assembly of the abort guidance
system was not as good as on previous missions but was within allowable
limits. The accelerometers exhibited stable performance, but the Z-axis
gyro drift rate change of 1.2 degrees per hour from the prelaunch value
was about 30 percent greater than the expected shift. The expected and
the actual shifts between preflight values and the first inflight cali-
bration, and shifts between subsequent inflight calibrations are shown
in table 8-IV.

Table 8-V is a sequence of events prior to and during the powered
descent to the lunar surface. A command to abort using the descent en-
gine was detected at a computer input channel 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 command reappeared three more times;
each time, the command 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.)

If the abort command is present after starting the powered descent
programs, the computer automatically switches to the abort programs and
the lunar module is guided to an abort orbit. To avoid the possibility
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TABLE 8-I.- LUNAR MODULE PLATFORM ALIGNMENT SUMMARY

Time, Type Alignment mode Telesgope Star angle Gyro torquing angle, deg | Gyro drift, meru
hrimin | alignment . b | detent /star | difference,

Option Technique used deg X Y 2 X Y 2
102:58 Docked alignment 0.009 0.029 | -0.052 | -0.5 |-1.5 }-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 {-0.6
109:17 P57 3 1 NA NA 0.03 -0.016 0.015 { -0.113 - - -
109 :46 P5T 3 2 2/31; 6/00 0.02 -0.0L1 0.003 | -0.054 1.0 }J-0.1 }-1.4
110:05 P57 3 2 2/26; 6/00 -0.07 0.018 0.047 | -0.121 - - -
129:56 P57 L 3 - == 0.01 0.0k4 | 0.069 | -0.46 - - -
141:53 P57 4 3 - .- 0.02 0.119 | 0.135 } -0.349 | -0.7 |-0.8 |-1.9

) - Preferred; 2 - Nominal; 3 - REFSMMAT; L - Landing site.
l"‘0 - Anytime; 1 - REFSMMAT plus g; 2 - Two bodies; 3 ~ One body plus g.

€) - Left front; 2 - Front; 3 - Right front; U - Right rear; 5 - Rear; 6 - Left rear.

Star names:

00 Pollux
16 Procyon
22 Regulus
26 Spica
31 Arcturus

L-g




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

(a) Accelerometers

Inflight performance
Nuaber
Sample | Standard Countdown | Flight
Error sean deviation l_°;1” value load Pover-up P::::::; Lift-off to
to landing to 14ft-off rendezvous
X - Bcale factor error,
1 -895 36 6 -922 ° -950 - - -
Bles, cu/sec” . . . . . 1.27 0.05 6 1.26 1. 1.27 1.38 1.36
Y - Scale factor error,
PP . v v e e e e -1678 79 9 -1772 -1860 - - -
Bias, e-/lecz “ e e e 1.63 0.03 9 1.61 1.65 1.62 1.7 1.t
2 - Scale factor error,
- T -637 25 6 -6L3 -670 - - -
Blas, ca/sec’ . . . .. 1.39 | o.02 6 1.0 1.9 1.35 1.46 1.45
(v) Gyronc&pel
grror Sample | standara | ™27 | counteonn | rugne | Tnruent
mean deviation samples value load performance
X - Sull bias drift, meru . . . . . . . 0.8 0.4 6 0.0 0.9 -1.9
-‘Accelerstion drift, spin reference
exis, meru/g . . . e e s 4.0 0. 0.2 0.8 6 1.1 0
Acceleration drift, feput
axis, BOFU/E - - ¢ o o oo .0 oo oo b.0 2.8 6 2.9 3.0
Y- Bullblesdrift, meru. . .....| -2.8 0.6 6 236 | -2r 0.3
Accelerstion arift, spin reference
axis, meru/€ . ¢ . ¢ o+ ¢ e e .0 . 3.0 1.3 6 b5 3.0
Accelerstiam drife, tmput '
ax1s, merU/@ < . . s e e b 0 0 .. -9.6 k.0 12 -1.5 -12.0
2 - Bull bies arift, @erv . . . . . . . =-1.1 0.9 6 -1.1 -0.3 0.5
Accelerstion drift, spin reference
axis, meru/g - - - .« e e e 0 oe k.S 0.b 6 L5 5.0
Accelerstion drift, iaput
axis, BOFU/E -+ ¢ - o+ o 0 o s 0o 5.8 1.k 6 1.2 6.0

8-8



TABLE 8-III.- GUIDANCE SYSTEMS ALIGNMENT COMPARISON

Time of alignment

Primary minus abort system

Alignment error (degrees)

X Y Z
103:54:L44.99 0.000 | 0.003 | 0.01k
10L4:0k4:45.9 0.061 | 0.030 0.002
10L4:3k4:45.2 0.000 0.007 | 0.003
109:28:36 -0.002 0.03k4 0.000
141:15:25.2 0.000 | 0.002 | 0.001

®141:45:29.2 0.010 | 0.003 | 0.018

aSystems aligned independently. Actual time
of abort guidance system alignment was

141:18:35.2.

TABLE 8-IV.- ABORT GUIDANCE SYSTEM CALIBRATION COMPARISONS

Three-sigma

Actual gyro drift rate,

deg/h
Calibrations capability eg/hr
estimate X axis | Y axis | Z axis

First inflight minus pre- +0.91 0.08 | -0.07 -1.2
installation

Second inflight minus first $0.63 -0.01 | o0.23 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

! S S T S .
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TABLIE 8-V.-

SEQUENCE OF EVENTS DURING POWERED DESCENT

Elapsed time Time from
from lift-off, ignition, Event
hr:min:sec min:sec
107:51:18.66 -11:07.86 | Landing radar on
107:52:46.66 -9:39.86 | False data good indications from
landing radar
107:57:34.66 -4:51.86 | Landing 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 | Manual throttle-up to full throttle
position
108:0L4:49.80 4+2:23.28 | Manual target update (N69)
108:08:47.68 4+6:21.16 | Throttle down
108:08:50.66 46:24.14 | 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 | Landing radar range data good
108:09:35.80 +7:09.28 | Enable altitude updates
108:11:09.80 +8:43.28 | Select approach phase program (P6L)
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 4+9:26.14 | Landing radar antenna to position 2
108:13:07.86 4+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 | Left pad touchdown
108:15:11.13 +12:44.61 | Engine shutdown (decreasing thrust
chamber pressure) '
108:15:11.40 +12:44.88 | Right, forward,and aft pad touchdown
L’ i A v 3 T A '\l A\ - y -
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of an unwanted abort, a work-around procedure was developed by ground
personnel and was relayed to the crew for manual entry into the lunar
module computer. Part one of the four-part procedure was entered into
the computer Just after the final attitude maneuver for powered descent.
The remainder was accomplished after the increase to the full-throttle
position. Part one consisted of loading the abort stage program number
into the mode register in the erasable memory which is used to monitor
the program number displayed to the crew. This did not cause the active
program to change, but it did inhibit the computer from checking the
abort command status bit. At the same time, it inhibited the automatic
command to full-throttle position, automatic guidance steering, and it
affected the processing of the landing radar data. Therefore, in order
to reestablish the desired configuration for descent, the increase to
full-throttle position was accomplished manually and then the second,
third, and fourth parts of the procedure were entered into the computer.
In order, they accomplished:

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

b. Resetting a status bit which disabled the abort programs

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

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

Prior to powered descent maneuver ignition, the landing radar scale
factor switched to low, which prevented acquisition of data through the
first LOO seconds of descent. (For further discussion, refer to sec-
tion 14.2.4.) The crew cycled the radar circuit breaker, which reset
scaling to the high scale, and landing radar lock-on occurred at 22 486
feet. Figure 14-22 is a plot of slant range as measured by landing radar
and as computed from primary guidance system state vectors. Figure 8-3
is a plot of altitudes computed by the abort and primary guidance systems
and shows a 3400-foot update to the abort guidance system at the 12 000-
foot altitude.

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

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

Performance during the ascent from the lunar surface was nominal.
The primary and abort systems and the powered flight processor data com-
pared well throughout ascent. The ascent program in the onboard computer
does not include targeting for a specific cutoff position vector; there-
fore, a vernier adjustment maneuver of 10.3 ft/sec was performed to sat-
isfy the phasing conditions for a direct rendezvous with the command and
service module.

Performance throughout rendezvous, docking, and the deorbit maneuver
was also nominal. The velocity change imparted to the lunar module at
Jettison was minus 1.94, minus 0.05, and minus 0.10 ft/sec in the X, Y,
and Z axes, respectively.
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The abort guidance system functioned properly until the braking
phase of the rendezvous with the command and service module when a fail-
ure caused the system to be down-moded to the standby mode and resulted
in the loss of this system for the remainder of the mission. Another
anomaly reported was a crack in the glass window of the address register
on the data entry and display assembly. These anomalies are discussed
in sections 14.2.5 and 14.2.6, respectively.

8.7 DESCENT PROPULSION

The descent propulsion system operation was satisfactory. The engine
transients and throttle response were normal.

8.7.1 Inflight Performance

The duration of the powered descent firing was T6L.6 seconds. A
manual throttle-up to the full throttle position was accomplished approx-
imately 26 seconds after the engine-on command. The throttle-down to
5T percent occurred 381 seconds after ignition, about 14 seconds earlier
than predicted but within expected tolerances. Three seconds of the 1k
are attributed to the landing site offset to correct for the downrange
error in actual trajectory, and the remaining 11 seconds to a thrust in-
crease 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 111 to 66 psia and the fuel tank ullage pres-
sure decreased from 138 to 111 psia. These decays resulted from helium
absorption into the propellants and were within the expected range.

The supercritical helium system performed as anticipated. The sys-
tem pressure rise rates were 8.0 psi/hour on the ground and 6.2 psi/hour
during translunar 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 +3-sigma pressure band, even though the pressure at
ignition was about 50 psi lower than anticipated.

8.7.3 Gaging System Performance

The gaging system performance was satisfactory throughout the mis-
:ion. The low-level quantity light came on approximately 71l seconds
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after ignition, and was most probably triggered by the point sensor in
oxidizer tank 2. Engine cutoff occurred 53 seconds after the low-level
signal, indicating a remaining firing-time-to-depletion of 68 seconds.
Using probe data to calculate remaining firing time gave approximately
T0 seconds remaining. This is within the accuracy associated with the
propellant quantity gaging system. ‘

The new propellant slosh baffles installed on Apollo 1k appear to
be effective. The propellant slosh levels present on Apollo 11 and 12

were not observed in the special high-sample-rate gaging system data of
this mission.

8.8 ASCENT PROPULSION

The ascent propulsion system duty cycle consisted of two firings —
the lunar ascent and the terminal phase initiation. Performance of the
system for both firings was satisfactory. Table 8-VI is a summary of

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

10 seconds after ignition | 40O seconds after ignition
Parameter

Predicted® Measuredb Predicted® Measure db
Regulator outlet pressure, psia 184 182 184 181
Oxidizer bulk temperatui-e. °F 70.0 69.4 69.0 69 .4
Fuel bulk temperature, °F 70.0 6.8 69.8 69.4
Oxidizer interface pressure, psia 170.5 168 169.7 167
Fuel interface pressure, psia 170. 4 169 169.7 167
Engine chamber pressure, psia 123.4 121 123.2 120
Mixture ratio 1.607 - 1.598 -
Thrust, 1b 3502. - 3u68. -
Specific impulse, sec ' 310.3 - 309.9 -

ﬁ’rerlight. prediction based on acceptance test data and assuming nominal system performance.

PActual flight data vith no adjustments.

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

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

8.9 ENVIRONMENTAL CONTROL AND CREW STATION

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

Because of water in the suit loop on Apollo 12 (ref. 1), a flow re-
strictor had been installed in the primary lithium hydroxide cartridges
to reduce the gas flow in the suit loop and, thereby, reduce water sep-
arator speed below 3600 rpm. (Separator speed is a function of the water
mass to be separated and the gas flow.) However, the water separator
speed was above 3600 rpm while the suit was operated in the cabin mode
(helmets and gloves removed). The high speed when in the cabin mode re-
sulted from low moisture inputs from the crew (approximately 0.1k 1b/hr)
and a high gas flow caused by low back pressure which, in turn, developed
from a low pressure drop across the suit.

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

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

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

8.10 EXTRAVEHICULAR MOBILITY UNIT

Performance of the extravehicular mobility unit was very good during
the entire lunar stay. Oxygen, feedwater, and 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 delay in starting the first extra-
vehicular activity occurred while the portable life support system power
was on, resulting in battery power being the limiting consumable in de-
termining the extravehicular stay time.

Oxygen consumption of the Lunar Module Pilot during the first extra-
vehicular activity was one-third higher than that of the Commander. Tele-
metry data during the Lunar Module Pilot's suit integrity check 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 and relubricating the Lunar Module
Pilot's pressure garment assembly neck and wrist ring seals in an effort
to lower the extravehicular mobility unit leak rate. A 0.22 psi/min pres-
sure decay rate was reported by the Lunar Module Pilot prior to the second
extravehicular activity. Postflight unmanned leak rate tests on the Lunar
Module Pilot's pressure garment assembly show no significant increase in
leakage.

Just prior to lunar 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 and was completed without any reported
difficulty with the glove.
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8.11 CONSUMABLES

On the Apollo 1l mission, all lunar module consumables remained
well within red line limits and were close to predicted values.

8.11.1 Descent Propulsion System
Propellant.- The quantities of descent propulsion system propellant

loading in the following table were calculated from readings and measured
densities prior to lift-off.

Actual quantity, 1b

Condition
Fuel Oxidizer Total -
Loaded T7072.8 11 344.4 18 h17.2
Consume d 6812.8 | 10 810.4 | 17 623.2

Remaining at engine cutoff
Total 260.0 534.0 T94.0

Usable 228.0 400.0 628.0

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

Quantity, 1b
Condition
Actual Predicted

Loaded 48.5
Consumed L4o.8 39.2

%(40.8)
Remaining at touchdown 5.7 9.3

&(7.7)

a'Ad.,jus‘l’.ed prediction to account for longer-than-planned firing
duration.
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8.11.2 Ascent Propulsion System

Propellant.~ Ascent propulsion system total propellant usage was
within approximately 1 percent of the predicted value. The loadings in
the following table were determined from measured densities prior to
launch and from weights of off-loaded propellants.

e Actual quantity, 1b Predicted
Condition uantity, 1b
Fuel Oxidizer | Total Q ?
Loaded 200T7.0 3218.2 5225.2
Total consumed 1879.0 3014 .0 4893.0 L4956.0
Remaining at lunar 128.0 20L4.2 332.2 265.8

~module Jettison

Helium.- The quantities of ascent propulsion system helium were
determined by pressure measurements and the known volume of the tank.

Condition quaﬁizzsf .
Loaded 13.4
Consumed 8.8
Remaining at lunar module impact L.6
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8.11.3 Reaction Control System Propellant

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

Actual, 1b
Condition Predicted, 1b
Fuel | Oxidizer | Total
Loaded
System A 108 209
System B 108 209
Total 216 418 63L 633
Consumed to
Docking 260 283
Impact 378 393
Remaining at lunar impact 256 240
- * 1 ! T A S M
- i — au — — aa F N L il - fo Fun
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8.11.4 Oxygen

The oxygen tank was not loaded to the nominal 2730 psia used for
previous missions because of a possible hydrogen embrittlement problem
with the descent stage oxygen tank. Launch pressure for the tank was
an indicated 2361 psia.

Actual Predicted

Condition quantity, 1b | quantity, 1b

Loaded (at 1lift-off)

Descent stage 42.3
Ascent stage
Tank 1 2.4
Tank 2 2.4
Total 47.1
Consumed
Descent stage 24.9 23.9
Ascent stage v
Tank 1 (a) 1.1
Tank 2 0] 0]
Total 25.0

Remaining in descent stage at
lunar lift-off 7.4 18.4

Remaining at docking

Tank 1 (a) 1.3
Tank 2 2.4 2.4
Total 3.7

®Consumables data are not available because the tank 1 pressure
transducer malfunctioned before launch.
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In the following table, the actual quantities loaded and consumed

are based on telemetered data.

Actual Predicted l
Condition quantity, 1b | quantity, 1b
Loaded (at lift-off)
Descent stage 255.5
Ascent stage
Tank 1 L2.5
Tank 2 2.5
Total 340.5
Consumed
Descent stage (lunar lift-off] 200.9 190.9
Ascent stage (docking)
Tank 1 6.0 6.2
Tank 2 5.8 6.2
Total 212.7 203.3
Ascent stage (impact)
Tank 1 1kh.4 -
Tank 2 1L.9 -
“rotal 230.2 -
Remaining in descent stage at 54.6 59.1
lunar lift-off
Remaining in ascent stage at
impact
Tank 1 28.1 -
Tank 2 27.6 -
Total 55.7 -

8Consumed during flight, both stages.

v~
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8.11.6 Electrical Power

The total battery energy usage is given in the following table.
Preflight predictions versus actual usage were within 3 percent.

Available | Electrical power consumed, A-h
Batteries power,
A-h Actual Predicted
Descent 1600 1191 1220
Ascent 592 128 125
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8.11.7 Extravehicular Mobility Unit

Oxygen, feedwater and power consumption of the extravehicular mobil-
ity unit for both extravehicular periods are shown in the following table.

Commander Lunar Module Pilot

Condition
Actual | Predicted}| Actual Predicted

First extravehicular activity

Time, min 288 255 288 255
Oxygen, 1b
Loaded 1.31 1.31 1.31 1.31
Consumed 0.70 0.97 1.02 0.97
Remaining 0.61 0.3k 0.29 0.34
Feedwater, 1b
Loaded 8.59 8.55 8.66 8.55
Consumed L .85 7.08 5.71 7.08
Remaining 3.74 1.L47 2.95 1.47
Power, W-h
Initial charge 282 282 282 282
Consumed 228 223 237 223
Remaining S5k 59 Ls 59

Second extravehicular activity

Time, min 275 255 275 255
Oxygen, 1lb
Loaded 1.26 1.31 1.26 1.31
Consumed 0.86 1.02 0.96 1.02
Remaining 0.ko 0.29 0.30 0.29
Feedwater, 1b
Loaded a8.80 8.55 a.8.80 8.55
Consumed a6.1%3 T.55 al 13 T7.55
Remaining 2.37 1.0 1.67 1.0
Power, W-h -
Initial charge 282 282 282 282
Consumed 225 225 222 225
Remaining 5T 5T 60 ST

®Estimate based on extravehicular mobility unit source heat pre-
dictions because portable life support system feedwater weight was
not taken following the second extravehicular activity.
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Apollo 14 flight crew

Commander Alan B. Shepard, Jr. (center), Command Module Pilot Stuart A. Roosa (left),
and Lunar Module Pilot Edgar D. Mitchell



9.0 PILOT'S REPORT

The Apollo 14 mission expanded the techniques and overcame some of
the operational limitations of previous lunar landing missions. Specific
differences included performing onboard cislunar navigation to simulate
a return to earth with no communications, using the service propulsion
system for the descent orbit maneuver, landing in the lunar highlands,
extending the lunar surface excursion time and making a lunar-orbit ren-
dezvous during the first revolution of the spacecraft. The detailed
flight plan, executed in its entirety, was 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 span of
20 months in general accordance with the schedules used for previous
missions. The training equipment and methods were concluded to be ex-
cellent and are recommended for subsequent crews essentially unchanged.
Although none of the crew members had completed actual flight experience
in the Apollo program, each of the pilots felt that he was completely
ready for all phases of the flight.

9.2 LAUNCH

The countdown proceeded on schedule with no problems encountered
in the area of crew integration or ingress. The general condition of
the crew station and displays was excellent. The crew was kept well
informed of the nature of the launch delay and was apprised of launch
azimuth change procedures; accordingly, that phase went smoothly. The
Commander noted no visible moisture on windows 2 and 3 either prelaunch
or during atmospheric flight. The proprioceptive cues reported by
earlier crews were essentially unchanged during the launch of Apollo 1k.
No communication difficulties were noted during the launch. A very
slight longitudinal oscillation occurred during second stage flight
starting at 8 minutes 40 seconds and continuing through shutdown. The
launch profiles flown during preflight training on the dynamic crew pro-
cedures simulator and the command module simulator were more than ade-
quate for crew preparation.
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9.3 EARTH ORBIT

This crew had placed special emphasis on suited training periods
in the command module simulator for this particular phase. The space-
craft system checks and unstowage of equipment were performed slowly
and precisely coincident with the process of familiarization with the
weightless state. No anomalies or difficulties were noted.

The Command Module Pilot noted that, although he had heard the
optics cover jettison, there was no debris, and a finite period of sev-
eral minutes 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 from either audio or visual cues.

9.4 TRANSLUNAR INJECTION

The delay in launch produced off-nominal monitoring parameters with
the second S-IVB firing. These updates were forwarded smoothly and in
a timely fashion so that all preparations for the injection were normal.
Attitude control of the S-IVB was excellent and right on schedule. The
ignition was on time, positive, and without roughness. The guidance
parameters comparison between the command module computer and the in-
strumentation unit was very close. A very light vibration or buzz was
noted toward the end of the powered phase, and 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 Commander and Command Module Pilot changed couch positions in accord-
ance with the flight plan.

9.5 TRANSLUNAR FLIGHT

9.5.1 Transposition and Docking

The physical separation from the S-IVB 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 and the initial
thrusting to set up a closing velocity were performed using the event
timer.
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Several attempts were required before docking was successfully
achieved. [Editor's note: Six contacts were made and 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
was 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 and circuit breakers were verified by the
checklist and another docking attempt was made with a closing velocity
of approximately 1.0 ft/sec. The latches again failed to capture on this
pass. The procedures were verified with Houston and the docking probe
switch was placed to extend, then back to retract (the talkbacks were
verified gray in both positions). On the third attempt, plus-X thrust
was held for approximately U seconds after drogue contact, but the latches
failed to capture. Three prominent scratches, approximately 2 inches long
and spaced 120 degrees around the drogue, were noted at this time and
Houston was informed. The scratches started near the hole in the drogue
and -extended radially outward. The docking probe switch was placed to
extend-release for 5 seconds, then back to retract; the talkbacks were
verified gray in both positions. Another attempt was made using normal
procedures, and again, no capture was achieved. On the fifth and final
attempt, the probe was aligned in the drogue and held with plus-X thrust.
The primary 1 retract switch was actuated, and approximately 4 to 5 sec-
onds later, the talkbacks went barberpole, then gray, and the docking
ring latches were actuated by the lunar module docking ring. The post-
docking procedures were performed using the normal crew checklist and the
locking of all twelve latches was verified.

Immediately upon lunar module ejection, a maneuver was started to
view the S-IVB. As soon as the S-IVB was in sight, Houston was notified.
An S-IVB yaw maneuver was then commanded in preparation for the auxiliary
propulsion system evasive maneuver. Both the auxiliary propulsion system
evasive maneuver and the propellant dump of the S-IVB were visually moni-
tored. The S-IVB was stable when last viewed by the crew.

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

9.5.2 Translunar Coast

A clock update was performed at approximately 55 hours to compensate
for a weather hold of approximately 40 minutes during the launch count-
down. This procedure was an aid to the Command Module Pilot while in
lunar orbit because it eliminated the need for numerous updates to the
Command Module Pilot's solo book.

U ' . .- . - . - . . .- - < . . .. .- ..
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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 and placed the spacecraft on a hybrid trajectory. The maneuver was
performed under control of the guidance and control system with residuals
of plus 0.2, zero, and minus 0.1 ft/sec. The second midcourse correction
was performed at the fourth option point and was targeted for a velocity
change of 4.8 ft/sec. It was a service propulsion system maneuver per-
formed under control of the guidance and control system. The residuals
were plus 0.3, zero, and minus 0.1 ft/sec.

9.6 LUNAR ORBIT INSERTION

Residuals resulting from the lunar orbit insertion maneuver were
plus 0.3, zero, and zero ft/sec. The firing time was within 1 second
of the pad value®. The only unexpected item noted during this maneuver
was the operation of the propellant utilization and gaging system. The
preflight briefings on the system indicated that, at crossover, the un-
balance meter would oscillate and 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 was controlled about the zero point using the increase and normal
positions of the switch.

9.7 DESCENT ORBIT INSERTION

On Apollo 1k, for the first time, the descent orbit insertion
maneuver 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 was controlled by the guidance and control system with command
module computer shutdown. Immediately after the descent orbit insertion
maneuver, the spacecraft was oriented to an attitude from which an abort
maneuver could have been performed if required, and shortly after acqui-
sition of signal, Houston gave a "go" to stay in the low orbit. Pad
firing time was the crew monitoring shutdown criteria. This technique
virtually eliminated the possibility of an unacceptable overspeed.

a'Pad values are the voice-updated parameter values used to perform
a maneuver.
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9.8 LUNAR MODULE CHECKOUT

The checkout of the lunar module was conducted in two phases —
the first during translunar coast and the second on the day of the de-
scent. Pressure readings, prior to entering the lunar module, indicated
that the lunar module had a low leakage rate. Power transfer to the
lunar module occurred at 61:41:11. The only anomaly was a slightly low
voltage reading on battery 5. There were about five or six very small
screws and washers floating around upon ingress. During this period,
16-mm motion pictures were made of a command module waste water dump.
Some additional housekeeping and equipment transfer served to reduce the
workload on descent day. Power was transferred back to the command mod-
ule at 62:20:42.

The second lunar module checkout was accomplished on the same day
as powered descent initiation. Two checklists, one for each pilot, were
used to speed up the activation process. The Commander and the Lunar
Module Pilot both suited in the command and service module prior to in-
travehicular transfer, but all equipment had been located the night be-
fore to assure that this would be a timely and successful process. An
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 found after ingress. The probe and drogue
were installed and checked with no problem. Prior to reaction control
system pressurization, the system A main shutoff valve clicked during
recycle, indicating that it was probably closed at that time.

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

a. The S-band antenna behavior was erratic at various times when
in the "auto" track mode. On two occasions, the S-band antenna circuit
breaker opened without apparent reason, but functioned properly upon
being reset. On at least two other occasions, the ground signal was
lost unexpectedly. The antenna drove to the mechanical stop, at which
time the breaker opened (as expected). An unusually loud noise associ-
ated with the antenna was noted. It was subsequently found, by observing
the antenna shadow on the lunar surface, that the noise was coincident
with an oscillation in both pitch and yaw. Upon one occasion, the antenna
pitch position indicator dial was observed to be full-scale up, with the
antenna functioning properly. This anomaly corrected itself a short time
later and did not recur.

b. The other major problem, which occurred before powered descent
initiation, was observed by the Mission Control Center. The crew was
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advised of an abort discrete being set in the lunar module guidance com-
puter with the abort button reset. The crew did not participate signifi-
cantly in solving this problem except to follow the instructions given
by the Mission Control Center. The remainder of the lunar module check-
out was nominal up to the point of powered descent initiation.

9.9 POWERED DESCENT

The primary guidance computer was used to select the descent pro-
gram for an initial ignition algorithm check® about 50 minutes prior to
actual ignition. The computer was also targeted for a no-ignition abort
at this time. Final systems checks and switch settings were then made
and the abort guidance 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 and the
S-band steerable antenna malfunction. To assure continuous communica-
tions, a decision was made to use omnidirectional antennas during powered
descent.

The descent program was reselected in the primary computer at igni-
tion minus 10 minutes and a final attitude trim was completed about 5 min-
utes later. The first computer entry, to inhibit the abort command, was
made Just after final trim. The remaining entries were made after igni-
tion. Both the ullage and the ignition were automatic and occurred on
time. The engine was throttled-up manually by the Commander 26 seconds
after ignition. The throttle was returned to the idle position after
the computer entries had been completed, at about 1 minute 25 seconds
into the firing. The computer guidance was initialized, by manual key-
board entry, about 42 seconds after ignition. A landing point target
update of 2800 feet downrange was entered manually about 2 minutes 15 sec-
onds after ignition. The steering equations and torque-to-inertia ratio
of the lunar module simulator are nearly identical to those for the actual
vehicle. Therefore, the pilot's preflight training was completely ade-
quate for the actual vehicle response exhibited during the descent phase.

The throttle recovery point occurred about 12 seconds prior to the
predicted time. The altitude and velocity lights of the computer dis-
play continuously indicated that landing radar data were invalid to an
altitude well below the nominal update level. A call was received from
the Mission Control Center to "cycle the landing radar circuit breaker."
This allowed a valid update. The lights extinguished and the computer
entry was made to enable this function at an altitude of about
21 000 feet. The Commander did not evaluate manual control after
throttle recovery, as planned, because the time required for the landing

8V’erification of computer performance.
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radar update precluded such action. The abort guidance system followed
the primary system very closely 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 an altitude of 12 000 feet. There
was no abnormal divergence of the abort guidance system through the re-
mainder of the landing phase.

The landing program of the primary computer was entered 8 minutes
LY seconds after ignition and at an altitude of about 8000 feet. The
vehicle pitched down, as expected, and the lunar surface was readily
visible. The target landing point was 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 associated with the device. The first com-
parison of the landing point designator showed zero errors in cross range
and down range. A redesignation of the target point 350 feet to the
south was made at an altitude of about 2700 feet to allow a landing on
what had appeared to be smoother terrain in the preflight studies of
charts and maps. Several cross references between the target and the
landing point designator were made until an altitude of about 2000 feet
was reached, and good agreement was noted. At some altitude less than
1500 feet, two things became apparent — first, that the redesignated
(south) landing point was too rough and, second, that the automatic land-
ing was to occur short of the target.

The manual descent program 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 an 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
area appeared to be gradually sloping, it was, in general, smoother than
the ridge south of the target. The fact that no dust was noted during
the translation was reassuring because it helped corroborate the primary
computer altitude. Velocity on the cross pointer was about 40 ft/sec
forward at manual takeover and this was gradually reduced to near-zero
over the landing point. A cross velocity of about 6 ft/sec north was
also initiated and gradually reduced to zero over the landing point. The
cross pointers (primary guidance) were steady and their indications were
in good agreement with visual reference to the ground. Control of the
vehicle in primary guidance attitude-hold mode and 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 than adequately equipped
the pilot for his task. It was relatively easy to pick out an exact
landing spot and fly to it with precise control.

Blowing surface dust was first noted at an altitude of 110 feet, but
this was not a detrimental factor. The dust appeared to be less than
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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
range 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 and activation of the engine stop button. Touchdown occurred at
shutdown with some small dust-blowing action continuing during engine
thrust tailoff or decay. The landing forces were extremely light and
the vehicle came to rest within 1 degree of zero in pitch and yaw atti-
tudes, and with a T-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, as photographs show, only in
a small, well-defined area.

There were no spurious thruster firings after touchdown. The
lunar dump valves were recycled with no anomalies noted and the descent
engine propellant vents were initiated. Although 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" was 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 antenna, in "slew" mode, after the lunar
stay was approved.

9.10 LUNAR 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 task 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 determine more precisely the location of the lunar mod-
ule. In subsequent extravehicular work, it will be important that the
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crewmen have a precise knowledge of their starting point on the traverse
map L]

The preparation for the first extravehicular period was nominal at
all times except for a communications problem which became evident dur-
ing switchover to portable life support system communications. 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 and the post-extravehicular activity were
quite adequate except for the one entry. However, the cue cards need
to be attached more securely to the instrument panel to prevent their
being dislodged by inadvertent contact.

Very little sleep was obtained. This resulted primarily from being
uncomfortable in the suits, but was also due, in a lesser degree, to the
tilt of the cabin. The tilt was especially noticeable during the sleep
periods and made sleep difficult because the crew was uneasy in this awk-
ward position. It is the crew's feeling that an unsuited 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 during lunar surface activities in spite of the small area and
the T-degree tilt. However, it is felt that, were the lunar module to
land on terrain inclined more than about 10 to 12 degrees, some diffi-
culty would be experienced in moving about the cabin.

Equipment.- On the lunar surface, the alignment optical telescope
was satisfactorily used to align the platform. Reflections in the align-
ment optical telescope appeared to come from the lunar module rendezvous
radar antenna and the lunar module upper surfaces. These reflections
eliminate the less-bright stars as candidates for use. During alignment
optical telescope sighting, the radar antenna had drifted from its parked
position into the field of view of the telescope. The antenna was re-
positioned before continuing with the alignments.

A difficulty was experienced with the interim stowage assembly in
the lunar module cabin. Its retaining brackets did not hold satisfac-
torily. The interim stowage assembly 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 way until such time that they could be placed in jettison bags for
disposal. The disposable containers and Jettison bags which were stowed
in the 16-mm camera compartment on the left-hand side fell out while the
camera was being removed, creating a short delay during hard-suit opera-
tions. :
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Even though extravehicular preparations and post-extravehicular
procedures were quite adequate, meticulous effort is required to properly
stow a large number of lunar surface samples. Although there is adequate
stowage space when samples are properly handled, it is impossible to esti-
mate the number, size and shape of the samples prior to flight. Thus,
much time is required to sort, weigh and stow all of the material in the
lunar module cabin in accordance with stowage area weight constraints.
Marking of weigh bags as they are sorted and stowed is important.

Two hours after landing on the lunar surface, the rendezvous radar
satisfactorily performed the command 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 Lunar 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 and 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 was
a problem. However, it did not seem to be a problem on Apollo 1lh, perhaps
because there was less dust on the lunar surface, or perhaps, being aware
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 and other equipment before entry into the
cabin. The brush that was used for pressure garment assembly 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 and mobility while on the lunar
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 and deliberately in order to assure stability when nego-
tiating the lunar module ladder with one hand. No difficulty was experi-
enced in passing equipment from the man on the surface to the man on the
ladder. The lunar equipment conveyor and equipment transfer bag worked
more easily than in one-g simulations.

1. - . - v Y - v o A T . - 3 o« . -
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9.10.3 Lunar Surface Operations

Mobility.- Mobility on the lunar surface is excellent. Each crew-
man 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 lunar 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 very little tendency to
over-control or use too much force when using tools or walking on the
lunar surface.

Visibility.- Visibility on the lunar surface is very good when look-
ing cross-sun. 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 sun glare. Looking
down-sun, visibility is acceptable; however, horizontal terrain features
are washed out in zero phase, and 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 distance to terrain features. An
adequate range 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 landmark often was not clearly in
sight. Interpretation of the photography contributes to the navigation
problem because photographs of small craters make them appear much smaller
than they do to the eye. On the contrary, 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 transporter could easily
be removed by brushing. The lunar map collected dust and required brush-
ing or rubbing with a glove to make the map usable.
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Timeline.~ Operations on the lunar surface required a much longer
time than had been anticipated. The planned activities require 25 to
30 percent more time than would be required under one-g conditions.
Scheduling additional activities, in the event that certain portions of
the extravehicular activity have to be cancelled, is advisable.

9.10.4 Lunar Module Interfaces

Modular eguipment stowage assembly.- The release handle was pulled
and the assembly dropped to a height suitable for operations on the
lunar surface. The modular equipment stowage assembly was manually

~adjusted to a higher position to remove the modular equipment trans-
porter and readjusted to ‘a lower position for subsequent operations.
The height adjustments were made without difficulty. The thermal blan-
kets were more difficult to take off than had been anticipated. Simi-
larly, the thermal blankets which protected the modular equipment trans-
porter supported its weight and manual removal of the blankets was re-
quired during modular equipment transporter 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 became entangled 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 underfoot during work around the modular equipment stowage
assembly.

Scientific equipment bay.- Both the doors and the pallets were re-
moved easily from the scientific equipment bay 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
module. However, sufficient working area was available in which to place
a pallet and conduct fueling operations.

Since the landing 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 manual offloading operation as well as egress and ingress.
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9.10.5 Lunar Surface Crew Equipment

Extravehicular 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
and the high-speed return from Cone Crater to Weird Crater. However,
other than during these periods, minimum cooling was used predominantly.

The Lunar Module Pilot's pressure garment assembly evidenced a higher-
than-usual leak rate for the first extravehicular activity, dropping 0.25
psi during the l-minute check. The suit showed no drop during preflight
checkout.

The Commander's urine collection transfer assembly 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. In one instance the suit was removed to
the waist to facilitate access. The only other minor problem with the
pressure garment assembly concerned the Lunar Module Pilot's right glove.
The glove developed an anomalous condition before the second extravehicu-
lar activity which caused it to assume a natural position to the left
and down.

It should be noted that the wrist-ring and neck-ring seals on both
pressure garment assemblies were lubricated between extravehicular ac-
tivities. At that time, there was 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 equipment transporter.- The modular equipment transporter
deployed satisfactorily from the lunar module except as previously noted.
The 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 unloaded, the retaining springs
have sufficient tension to 1ift it clear of the lunar surface when plac-
ing equipment in stowage locations. This was not noticed after the
transporter was fully loaded. '

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

The modular equipment transporter was stable, easily pulled, and

proved to be a very handy device for both extravehicular activities.
Only at maximum speeds did the transporter evidence any instability
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and, then, only because of rough terrain. This instability was easy to
control by hand motion on the triangular-shaped tongue.

Hand tool carrier.- The hand tool carrier mated to the modular
equipment transporter well, and was adequately retained by the hand tool
carrier retaining clip. All stowage areas except the deep pocket were
acceptable. This pocket was very difficult to reach when standing 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 anomalies were noted. On the Commander's camera, the screw which
retains the handle and the remote control unit clip worked loose several
times and had to be retightened. The second anomaly concerned a 16-mm
magazine which Jammed and produced only 30 feet of usable film.

The television camera performed satisfactorily. It seems to be a
useful tool for lunar surface exploration. A remotely operated camera
with adjustment of focus, zoom, and lens setting controlled from the
‘ground would be very useful in making available lunar surface time pres-
ently required for these tasks.

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

Lunar surface scientific equipment.- Offloading of the Apollo lunar
surface experiments subpackages was normal, and all operations were ad-
equate except for the operation of the dome removal tool. It required
several attempts to lock the dome removal tool onto the dome. During
the traverse to the Apollo lunar surface equipment package deployment
site, the pallets on either end of the mast oscillated vertically and
the mast flexed, making the assembly difficult to carry and to hold in
the hands. However, the arrangement is acceptable for traverse up to
approximately 150 yeards. -

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
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package deployment and 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 simultaneously. 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 and the pads rotated to a
position in which they would rest properly against the surface.

The thumper deployed as expected, but the lunar regolith was so
loose that the center geophone was pulled out during deployment of the
last half of the thumper cable. This was confirmed during return along
the line. Only 13 of the 21 thumper cartridges were fired and the first
several of these required an extraordinary amount of force to fire them
(section 14.4.1). The problem seemed to clear up for the last several
initiators and 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 difficulty was experienced
in erection of the solar wind composition experiment. The only anomaly
occurred during the retrieval of the apparatus, at which time it rolled
up only about half way and had to be manually rolled the remainder of
the distance.

Lunar portable magnetometer experiment.- This piece of equipment
performed quite satisfactorily. The only difficulty experienced was the
reeling 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 1L.Lk.3).

Geology.- The geology hand tools are good and, if time had permitted,
they would have all been used. As in previous missions, the hammer was
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used by striking with the flat of the hammer rather than the small end.
The only discrepancy associated with the geology tools was the use of
the geology sample bags. It was difficult to find rocks small enough
to fit into the small sample bags. Furthermore, they are hard to roll
up. The tabs which should facilitate rolling up the bags become en-
tangled, making it difficult to remove them from the dispenser.

9.10.6 Lunar Surface Science

Geology .- The appearance of the lunar surface was much as expected.
A loose gray mantle of material covered the entire surface to an undeter-
mined depth; however, core tubes driven into the surface would not pene-~
trate more than 1-1/2 tube lengths and, in most cases, considerably less
than that. A "rain drop" pattern over most of the regolith was observed
and is clearly shown in photographs. Also observed, in certain sections
of the traverse, were small lineations in the regolith material, which
can 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, and concealed any evidence of stra-
tigraphy. 1In the trench dug by the crew, however, evidence of three
different layers was found. In one or two places on the flank of Cone
Crater the crewmen's boots dug through the upper layer exposing a white
layer about 3 inches from the surface. It is interesting to note that
very few rocks are entirely on the lunar 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. Many of the larger rock surfaces are soft and
crumbly. However, when one uses the hammer and breaks through this, it
is found that they are hard underneath.

Subtle variations in rocks are not easily discernible, primarily be-
cause of the dust. It must be remembered that the crew selected candidate
samples after having observed the rocks from at least 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 sampled, good utilization
of time precludes examining the rock except to note its more prominent
features. The point is that only the characteristics of a rock that are
discernible at the initial viewing distance enter into the decision to
sample. Sampling strategy should allow for this limitation when a wide
variety of samples is desired. ’

The crew did observe, however, the evidence of breccia in some of
the rock; and, on a few occasions, crystalline structure was evident. In
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most cases, the crystals were small.  Only on two occasions was glass
seen on the lunar 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 than 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 cases indistinguishable from irregularities in the
surface or from clumps of soil. As the crew progressed to the crest of
Cone Crater, boulders became 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.

- 80il 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 started crumbling shortly after the trench was initiated.

When obtaining one core tube sample, 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 samples and equipment preparatory to lift-
off. The remaining hour assured 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 communications 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 ascent stage insulation on the bottom right side of the lunar
module ascent stage (section 8.1).

Ascent was completely nominal with auto ignition and cutoff. Both
guidance systems performed well. The Mission Control Center voiced up
an adjustment maneuver which was performed at 141:56:49.L4 using the re-
action control system. The adjustment delta velocity was monitored with
both guidance systems.
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9.11.1 Rendezvous

Following the adjJustment firing, a manual maneuver was made to the
tracking attitude and rendezvous navigation procedures were initiated.
For the backup charts, an elapsed time of 4 minutes 3 seconds was avail-
able (from the beginning of the adjustment maneuver until 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 conditionms.
Nineteen marks were obtained with the primary guidance system. The abort

-guidance system updates were commenced at terminal phase initiation minus

27 minutes and 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 lunar module
guidance systems compared extremely well, agreeing on line-of-sight angles
within 0.3 degree and on total delta velocity within 1.6 ft/sec. Because
of VHF difficulties (section 14.1.L4), the command 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 (un-
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,
and the corresponding rotated vector was entered into the abort guidance
system. The ascent propulsion system terminal phase initiation maneuver
was executed without incident. As anticipated, 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 and tracking was resumed. Simultane-
ously, the command module VHF tracking was found to be operating and
both sextant and VHF marks were entered into the command module computer.
The first midcourse solution in the primary guidance navigation system
was used. The abort guidance system solution for the first midcourse
correction was in excess of 5 ft/sec; consequently, this solution was
discarded and abort guidance system navigation was continued without
reinitialization. At the second midcourse correction, the primary guid-
ance 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 through the final braking
gate, the lunar module began station keeping on the command and service
module. The Command Module Pilot executed a 360-degree pitch maneuver.
No anomalies were observed during the inspection of the command and
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service modules. Consequently, the Commander proceeded with the pre-
docking maneuver consisting of a 90-degree pitch down and 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 and
zero yaw. Efforts to restore the abort guidance system to operation

were unsuccessful (section 1L4.2.5). 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 ample. The procedures for contamination control in the command mod-
ule were quite satisfactory, and particles were not observed in the com-
mand module subsequent to hatch opening.

9.12 COMMAND AND 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 command and service module in approximately a 60-nautical-mile cir-
cular orbit, was a L-second firing performed after separating from the
lunar module. The maneuver was controlled by the guidance and control
system and resulted in a 2.0 ft/sec overspeed, which was trimmed to
1.0 ft/sec. Subsequent to this maneuver, a change to the constants in
the command module computer short firing logic was uplinked by the Mis-
sion Control Center. The plane change maneuver was nominal with an 18-
second firing controlled by the guidance and control system.

9.12.2 Landmark Tracking

Al]l tracking, with the exception of the lunar module on revolution
17, was done using the telescope with the 16-mm 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 significant difficulties. Acquisition of the target was no prob-
lem and the manual optics drive provided constant tracking of the land-
mark through nadir.
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Landmark DE-2 was not tracked satisfactorily. The high sun angle
at the time of tracking prevented acquisition of the landmark. Another
landmark in the area of DE-2 was tracked and identified from the 16~mm
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 1T7.
The sun reflecting from the lunar module as well as the long shadow of
the lunar module made identification positive. Acquisition of the lunar
module was accomplished by using the site map in the lunar graphics book
and identification of surface features in the landing area. Also, on

" revolution 29, between scheduled landmarks, the lunar module was again

acquired by manual optics. At that time, the sun could be seen reflect-
ing off the Apollo lunar surface experiment package station.

9.12.3 Bootstrap Photography

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

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

A vertical stereo strip was obtained on revolution 26 using the
70~mm Hasselblad and 80-mm lens. This vertical stereo strip encompassed
almost the entire ground track from terminator to terminator. A crew
optical alignment sight maneuver was accomplished at the end of the strip
for camera calibration.
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NASA-S5-71-1652

Figure 9-2.- Lunar surface features in Descartes landing site area.

9.12.4 Orbital Science Hand-Held Photography

Approximately half the planned 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-mm lens using the hand-held mode
(fig. 9-3). The ring sight was used to improve the sighting accuracy.
Utilization of the camera in this mode was quite acceptable as long as

-
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NASA-S-71-1653

a. Western portion of King crater with smaller crater
in left foreground having an 0.8-mile diameter 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 taken at the spacecraft atti-
tude dictated by other requirements. On 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 hand-held photography and also during the crew optical
alignment sight tracking, a variable intervaltmeter would certainly have
been an asset. A single-lens reflex camera would greatly simplify the
pointing task. Having orbital science targets listed in the flight plan,
at times they are available, is certainly more preferable than Just list-
ing them as targets of opportunity. This is true of both photographic
and visual targets.

NASA-S-71-1654

b. Central portion of Ll-mile diameter King crater.

Figure 9-3.- Continued.
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NASA-S-71-1655

c. Eastern portion of King crater photographed from 178 miles away.

Figure 9-3.- Concluded.

9.12.5 Zero-Phase Observations

The camera 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 arrived late and no bracket was avail-
able for the simulator. A mark was given over the intercom and/or the
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air-to-ground loop on the first and last camera actuation of each pass.
It was noted that the camera operated close to zero phase on each tar-
get. Eight separate areas were listed for zero-phase observations but
only six of these were observed. The other two were cancelled as a re-
sult of a flight plan change. Four of the targets were on the back side
of the moon and two were on the front side. There was a significant dif-
ference in the ability to observe the targets at zero phase between the
back-side and front-side targets. The two significant parameters are
albedo and 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 phase. Two views of a back-side
target, one at zero phase and one at low phase, are shown in figure 9-k.
The two front-side targets were craters located in a mare surface. The
structural relief between the flat surface and the crater rim made the
targets more visible at zero phase.

9.12.6 Dim-Light Photography

The window shade for the right-hand rendezvous window was easy to
install and appe&red to fit properly. In addition to using the window
shade, the flood lights near the right-hand 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 plan.
The only discrepancy noted was on the earth dark-side photography. There
was considerable scattered light in the sextant when it was pointed at
the dark portion of the earth. There was also a double image of the
earth's crescent in the sextant.

9.12.7 Cammunications

Communications between the command and service module and the
Manned Space Flight Network were marginal many times while in lunar
orbit. The high-gain antenna pointing angles were very critical; a very
small adjustment of the angles was the difference between having a good
communication lockup or no acquisition at all (section 1k4.1.2).

The separate communications loop for the command and service module
should be activated soon after command module/lunar module separation.
The time between separation and touchdown is an extremely busy time for
the lunar module and any prolenged communication with the command and
service module is difficult, if not impossible. VHF communications with
the lunar module were good at the time of separation and through touch-~
down. On rendezvous, the VHF communications from lift-off to shortly
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NASA-S-71-1656

(a) High overhead view with no zero phase washou’ .
Note: Recognizable landmarks are identified with like numbers on each photograph.

(b) wow eievation 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 VHF ranging
would not lock up or, when it did, a false range was indicated most of
the time. Both antennas were tried, the squelch was adjusted, and rang-
ing was turned off temporarily. However, none of these procedures im-
proved the situation to any great degree (section 1L.1l.L4). After
terminal phase initiation the voice communications and VHF ranging were
satisfactory.

9.13 TRANSEARTH INJECTION

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

The residuals were plus 0.6, plus 0.8, and minus 0.1 ft/sec. These were
trimmed to plus 0.1, plus 0.8, and minus 0.3 ft/sec. The firing time
was within 1 second of the pad value.

9.14 TRANSEARTH COAST

The only midcourse correction during the transearth coast phase was
one reaction control system maneuver performed approximately 17 hours
after transearth injection. The total delta velocity was 0.7 ft/sec.
During the transearth coast phase, a schedule of no-communications navi-
gational sightings was 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. An updated Network state vector was main-
tained in the lunar module slot at all times. Just prior to entry, 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 program would be improved if a re-
cycle feature were incorporated. Recalling the program for each mark is
a drawback to expeditious navigational sightings.

The rest of the transearth coast was like that of previous lunar
missions with two exceptions—inflight demonstrations were performed
to evaluate the effects of zero-gravity on physical processes, and a
command and service module oxygen flow-rate test was performed. Even
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though the metal composites demonstration was started during translunar
coast, there was not sufficient time while out of the passive thermal
control mode to complete all of the 18 samples. The other three demon-~
strations were completed.

9.15 ENTRY AND LANDING

A change to the nominal entry stowage was the addition of the dock-
ing probe. The docking probe was tied down for entry at the foot of the
Lunar Module Pilot's couch using procedures voiced by the Mission Control
Center. Three discrepancies were noted during entry. The entry monitor
system was started manually at 0.05g time plus 3 seconds. The 0.05g light
never illuminated (section 14.1.5). The steam pressure was late in reach-
ing the peg. However, the cabin pressure was used as a backup. The time
of steam pressure pegging was approximately 5 to 10 seconds late and
occurred at an altitude below 90 000 feet. [Editor's note: The crew
checklist gives a specific time at which the steam pressure gage should
peg high relative to the illumination of the 0.05g light as an indication
of the 90 000-foot altitude; however, the steam pressure measurement is
only an approximate indication. The crew interpreted the checklist 1it-
erally.] Also, power was still on at least one of the main buses after
the main bus tie switches were turned off at 800 feet. The main buses
were not completely powered down until the circuit breakers on panel 275
were pulled after landing (section 1k4.1.6).

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




NASA-S-71-1636
Revolution count

9-29

Elapsed time Day Elapsed time Day
—~—0 MSFN Li-off Night Y o5 Msin Nignt
_r l Insertion and systems checks -
| 37
- - Configure spacecraft for ejection from
s-Iv8 ’
poan -
e CRO Platform realignment -
Spacecraft ejection from S-IUB
1 P~ - S-IUB yaw maneuver
—1 HSK — 6 S-I¥B evasive maneuver
— — Piatform realignmet
r — S-IT8B liquid oxygen dump
MSFN  Extend docking probe
A i
e 2 7
2
mad -
-—L - CRO  Transiunar injection mamvvey - Cishonar aavigation
Optics calibeation
MSFN B
as -
b 3 C d and s odule/S-[TB sepwati — 3
Television
e =
aund nd
— } — 9
F e
.”
L 5 1 oeciim . | ST !
(a) 0to 10 hours.
Figure 9-1.- Flight plan activities.
¥y ¢ o U ! ’ ; A R T
. ~ il . oy an - s oy s y F % e PO



U

Y

9-30

NASA-S-71-1637
Elapsed time

=10 MSFN

——

for inspection

- Maich, probe and drogue removal

Initiate passive thermal control

heee 14 Platferm realigmment

Day
Night
"

Television

|

Elapsad time

—= 15 MSFN Eat

=

P

- .
|

— 16 Sleep

-

- g

r~ g

r

2 4
|

- Ea

P

=3

Platierw realigmere

: 0 .L Temninate pass ive thosmal csntrel

@) 100 30 hours.

Figure 9-1.- Continued.




NASA-5-71-1638
Elapsed time

!- 30 MSFN

-

-

Midcourse correction manetver

Earth darkside dim-light photography

Initiale passive thermal control

Crew exercise period

Eat

S-IWB photography

Unstow and check out lunar topographic

Day
Night

éhpsod time
= 39 MSFN

51 .

(c) W0to 51 hours.

|

Figure 9-1.- Continued.

9-31

Day
Night
)
Platform sealigwment
Eat
1
Terminate passive thermal control
Initiate passive thermal control
Sleep
~ 7 4
|




9-32

NASA-5-71-1639
Elapsed time
!SIMSFN

Bi~static radar frequency check

Plaform realigrment e

Spasecy
made &

aft clock update (+40:02.9)
54:53:36

Day Elapsed time
' v
Nignt — 56 MSFN

e Crew exercise

- 57

e Platform reaiignme.n

-

| L_.,JL
id) 5 to 6] hours.

Figure 9-1.- Continued.

fowee Lunar module pressurization

e $0 Terminate passive thermal contral

e Prepisation for lunir module ingress

e Crew ransfer to lunar module
- sepingl

Day
Night

Ex

Television

A1




NASA-S-71-1640
Elapsed time

— 61 MSFN

=

¥y ¥ v o L

Day
Night
Housekeeping F}

Lunar wodile checkout

Water dump photograghy

Crew transfer to canwmand module

Initinte passive theanat control

[

|

9-33

Elapsed time Day

-

=

{e) 61 to 78 hours.

66 MSFN

_n_L U

Night
Sleep M

Water managemient vaive cycled

I\Y
W

2\
W\

Pressurize lunar awodule Eat

Platform realignment

Terminate passive thermal control

Midcourse comection maneuver

Initiate lunar module ascent battery test

Figure 9-1.- Continued.



9-3k

NASA-S-71-1641
Revolution count Revolution count
l' Elapsed time Day ‘ Elapsed time ay
v Night v Night
78 MSFN 1 ~ [—B3MSFN
— Terminate lunar module ascent praee
battery test
- 1 - Platforin realignment
— Platform realignent =
—19 r —8&
o i e
L = MSFN
380 b 85
)
. . - Landmark tracking
- Systems checks for lunar osbit e S checks for d orbit
insertion maneuver . insertion maneuver
Platform alignment
—8] b 86
e » L e Descent arbit insertion maneuver
p— i —
— b=  MSFN
o ‘ ! .
- e
— 82 Lunar orbit insertion maneuver 3 p—e 87
- Landmark tracking (H-3)
MSFN Eat
1 |- = Platform realignment
pnn ——
e S-INB impact on lunar surface - _L
— P
A b 83 —‘ L - L L A La88

() 78 to 88 hours.
Figure 9-1.- Continued.

T R N I N N
' [ A — a oy — A [ SO Y " ie G




NASA-S-71-1642
Revolution count
‘ Elapsed time

Y Yu
3

-

MSFN

j—  MSFN

w

1
MSFN

4 Lo

Revolution count

Day ‘ Elapsed time
Night A4
~ F_lm MSFN

—

r—

Photograph Descartes - Y

Initiate rest attitude Eat L e

!

Sieep p— ._‘_

[
=
w
s
2z

1 |

Eand —lw
(g) 88 to 105 hours.

Figure 9-1.- Continued.

9-35

Platfor realigivment
Termunate rest attitude

Lunar module pressurization

Open docking tunnel and transfer
to lunar module

Lunar module activation
and systems checkout

Lunar module coarse
alignment

Undocking and separation

Camamd and service module landmark
tracking

Luna module landing site cbsevvation

Cammmand and service module and lunar

4

Day
Night




9-36

NASA-S-71-1643
Revolution count
]  FElapsed time

Y ¥

I

—  MSFN

MSFN MSFN
(CSM) (LM)

™
3

15
— MSFN
(CSM)

!
=110 -

Day
Nignt

Command and service module
lunar orbit circularization

Lunar module descent propulsion
system and landiny radar checkout

Command and service module
landmark tracking

Command and service module and
lunar module platform reali

Command and service module
orbital science photographs

Lunar module powesed descent
initiation

Lunar module landing

Command and service module

platform realignment

Command
Module

Lunar module platform Pilot eat

realignment

Cammand and service module
landmark tracking

Revolution count
Elapsed time

\

7|

4

]

R

(h) 105 to 115 hours.
Figure 9-1.- Continued.

Day
110 MSEN MSFN  Luar sunface nawigation Night
(CSM) (LM) (tunar module)
— Commander
and Lunar
— Module
Pilot eat
| Gegyenschein photography
by Command Module Pilot
111
b
e Backward-looking zero phase
MSFN observation by Command
- (CSM) Module Pilot
Cabin and equipment prepara-
tions for hirst extravehicular “
- activity —_——
- Don portable life support
systems
—112
- Forward-looking zero phase
observation by Command
Module Pilot
-
_JL Portable life support system
communications check
=
= 2odiacal light photography by
Command Module Pilot
—113 Don heimets/gloves
Suit pressure integrity check
[~ MSFN
- (CSM) Final preparations for egress
L Start first exsavehicular activity
(4 hours 48 minutes)
F Television]
—114
— Command and service module
tracking of landed lunar module
—
=
AR N |
ad
115 1




U ¥ L

NASA-S-71-1644
Revolution count

§  Elapsed time
—r —115

-—

MSFN
(CSM)

MSFN
(CSM)

Day
Night

MSFN  Conmiand and service niodule Television

(LM)  landmark tracking

X

Command and service module
platform realigrement

Galactic survey photography
by Command Module Pilot

Camenand and service module
plane change maneuver

Cammand and service module
platform realignment

Earthshine photography by
Cawenand Module Pilot

Teminate first exts
activity

Cammand and service module
platform realignment
Represswrize luna module

cabin and recharge portable
life suppart systems

Doff portable life support
systems

Initiate VHF bi-static radar
test (11 howrs)

Comnand
Module
Pilot eat

~—

MSFN
(CSM)

e

Cownander

Module
Pilot eat

Revolution count

‘ Elapsed time
T r—120 MSFN MSFN
(CSM) (Lm)
2 |-
T =12
MSFN
(CSM)
-
a -
=
e 122

) oy
T
ALY
=

MSFN
(CSM)

-

~

—130

(i) 115 to 130 hours.

Figure 9-1.- Continued.

9-37

Day
Night

and Lunar
Module
Pilot eat

Connand Module.
Pilot sleep

and Lunar
Module
Pilot sleep

s

Lunar module platform realignment

Orbital science photography by
Command Module Pilot

Initate S-band bi-static

Command
vadar test Module
Pilot eat
¥
- i
ia A — -



9-38

NASA-5-71-1645
Revolution count
Elapsed time

}
T

e

=

—131

—135

(csm

MSFN
(CSM)

!l” MSFN MSFN

LM

Day

Cabin and C Nigt

prepa~
rations for second extrave-
hicular activity

Moduie
Pilot eat
Teminate VHF and S-band
bi-static radar tests

Don portable lite support
systems and check
communications

Command and service module
platform realignment

Final preparations for egress

Vertical stereo and orbital science
photography by Command Module Pilot
Start second extravehicular activity
(4 hours 35 minutes)

Television

Galactic survey photography
by Command Module Pilot

Lunar libration photography
by Command Module Pilot

1

Revolution count

4
M

L

Elapsed time

!'135MSFN MSFN
(CSM} (LM}

—139 MSFN
B (CSM)

— 140

(p 130to 140 hours.
Figure 9-1.- Continued.

Day
Night

Television

Contingency photography of
Descartes by Command Module
Pilot

.

Terminate second extravelucular
activity

Repressurize lunar modute cabin

Doft portable life support
systems

Cominand and service module
platfonn realignment

Depressurize lunar module cabin,
jettison equipment, and repres -
surize cabin

Command and service module
landmark tracking

Rendezvous radar activation
and self test
Commander
and Luna
Module
Pilot eat
Backward-looking zero phase
observation and arbital science
photography by Command Module
Pilot

Forward-looking zero phase

observation by Carmnand 1
Module Pilot -

-




NASA-5-71-1646

Revolution count Revolution count

‘ Elapsed time Day Elapsed time
Night
—140 MSFN MSFN  Cowmand and service Cmmn,mdqg "F ~—145 MSFN
T module platfonn re- and Lunar
- aligmuent ad oprics Modulc -
calibration Pilot eat
30
= -
Conmiand
—r — Preparations far ascent “Ddlﬂ: :;'l:)l 3 -
eat
L suit -
141 MSFN Lunar module platfonn —~146
(CSM) realignment
[
— Prelannch switch checks B -
31 T [
| 1
Lift-off from linar surface
= Orbital insertion -
. Tweak maneuver
142 —147 MSFN
R B
p— Terminal phase initiation ” SN
| Fiest midcourse comection
—143 MSFN Second midcourse correction j—148
o . — I
T | phase final Teleyisi
- Docking Television -
2 b N
MSFN
—144 Transfer equipment and samples —149
to cammand module and stow them
- -

-3 .
-]— - -
B -
Ao ]S —150 .—.‘L
(k) 140 to 150 hours.
Figure 9-1.- Continued.
7 - - A LI 1 M " y v - Tz
h 1_ A A .y — a. — -— aa | Y

9-39

Day
Night
5

Lunar module jettison

Command and service module separation

Platfonu realigmment

Contamination control

Lunar module deorbit maneuver

Lunar module impact

Photographs of Apollo 12 lunar modhiie,
and Apollo 13 and 14 S-I¥B impact points

Lunar photography

Platform cealignment

Initiate passive thermal control




9-40

NASA-S-71-1647
Elapsed time

T

162

"!150 MSFN

1\Y

U ¥ L

Day
Night
.
Sleep
L LL
T
Platform realigmnent -
Eat
Terminate passive thermal control
Cislunar navigation
u d e cormect
Cislunar navigation
L]

Elapsed time

-—

L.

ad

171 —

() 150 to 171 hours.

Figure 9-1.- Continued.

o

166 MSFN

3

-

Crs hiar wavigation

Crew exercise

Itiate oxyqgen Hlow rate test atiule

Oxyyen flow rate 1est

Termimate oxygen flow rate test attitude

Iniliate thermal attitude

Day
Night




U

i

&

i

NASA-S-71-1648
Elapsed time

171 MSFN

e

I

76 —t

Day Elapsed time
Night
1 —176 MSFN

-

Contamination coistrol o

luflight demonsaatenis -

Terminate themal attitude

|

Cislunar navigation

Initiate passive thermal conteol b} 86 Platform reatignment

im} 171 to 183 hours.

Figure 9-1.- Continued.

e Entry monitor system enlry check ___1

P Terminate passive thermal control

9-U1

Night

Eat

I

LAY

=




U

™
9-k2

NASA-S-71-1649
Elapsed time

188 MSFN

.

—

192

i

.

I
e 193 b

T

Day Elapsed time
‘ Night
Cislunar navigation 1 193 MSFN

Crew exercise -

Initiate passive thermal control o

Light flashing experiment e

1 -
Platform realignment e

Terminats passive thesmal control s

Cislunar navigation ) =,

Maneiver to thermal attitude

=

L .98 1.
{n) 188 to 198 hours.

Figure 9-1.- Continuegd.

Day
Night
r

Probe stowage

Television

Probe stowage

Piatiorm realignment

Cislunar navigation

Earth darkside dim-light phatography




Y

NASA-S-71-1650
Elapsed time

v
—198 MSFN

-

Day

Night

Initiate passive thennal conteol

Sleep

Platform realignment
Terminate passive thermal control

Cisiunar navigation

Eat
Initiate passive thesmal control

Elapsed time
v
=209 MSFN

—

| 20 1

(o} 198 to 214 hours.

Figure 9-1.- Continued.

Cis lunar navigation

Plattorm aligmment

Cislnar navigation

Platiorm realigrement

9-43

0

Nig
Eat !

ay
ht




U

9-L

NASA-S-71-1651
Elapsed time Day
Yo mspn Niant

- Entry monitor system entry check

e~

- Command module/service nodule
separation

Entry interface

Landing

1

L L
=

T

] U 1

!

Elapsed time

| LR

L L 1

I

L L

I

|

LI

(p) 214to 217 hours.

Figure 9-1.- Concluded.

hs

-

Day
Night




10-1

10.0 BIOMEDICAL EVALUATION

This section is a summary of the Apollo 14 medical findings based
on a preliminary 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 was excellent despite an alteration of their normal
work /rest cycle. All physiological parameters 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 BIOMEDICAL INSTRUMENTATION AND PHYSIOLOGICAL DATA

Problems with the Commander's biomedical instrumentation harness
began prior to lift-off when the sternal electrocardiogram 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 Commander's sternal electrocardiogram
signal returned to normal.

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

When the Commander transferred to the portable life support system
in preparation for the extravehicular activity, his electrocardiogram
was so noisy on two occasions that the cardiotachometer outputs in the
Mission Control Center were unusable and manual counting of the heart
rate for metabolic rate assessment became necessary. A good electro-
cardiogram signal on the Commander 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.
However, the electrocardiogram signal was restored for the remainder of
the flight by tightening this connector.

The quality of the Lunar Module Pilot's electrocardiogram was excel-
lent from spacecraft ingress until approximately three days into the mis-
sion. At that time, intermittent noise transmissions typical of a loose
sensor were received. The lower sternal sensor was reserviced with fresh
paste and tape. This happened two additional times. No attempt was made
to correct the situation on the last occurrence.
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The Lunar Module Pilot also lost his impedance pneumogram after the

eighth day of flight.
ditioner had failed.

the mission.

Postflight examination showed that the signal con-

Physiological measurements were within expected ranges throughouf

The average crew heart rates for work and sleep in the

command module and lunar module are listed in the following table.

Average heart rates, beats/min
Activity c a Command Module Lunar Module
ommander Pilot Pilot

Command module:

Work 5T 66 62

Sleep 52 L6 50
Lunar module:

Work TT - 76

Sleep TO -— -

Heart rate, beats/min

Figure 10-1 presents the crew heart rates after translunar injection

during the multiple unsuccessful docking attempts and the final hard dock.
NASA-S-71-1657

160 v 0 v
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Figure 10-l1l.- Crew heart rates during multiple docking attempts.
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During powered descent and ascent, the Commander's heart-rate averages
ranged from 60 to 107 beats per minute during descent and from 69 to 83
beats per minute during ascent, as shown in figures 10-2 and 10-3, re-
spectively. These heart-rate averages for descent and ascent. were the
lowest observed on a lunar landing mission.

NASA-S-71-1658

180 Lunar module
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]
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160
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g 120
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: NN
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80 A \ \
v -/ / \
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40 -
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Time, br:min

Figure 10-2.- Heart rates of the Commander
during lunar descent.
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NASA-S-71-1659
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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 and 95 beats per
minute. The metabolic rates and the accumulated metabolic production of
each crewman during the extravehicular activity periods are presented in
tables 10-I and 10-II. A summary 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
Commander 800 3840 910 L4156
Lunar Module Pilot 930 LL6L 1000 L567
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Figure 10-4.- Heart rates during first extravehicular activity.
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TABLE 10-I.- METABOLIC ASSESEMEST OF THE FIRST
EXTRAVEEICULAR ACTIVITY PERIOD

Nart aretics Average Btealle Camglative awtalmliec
Gurfase activiw® tims, * | etedalic rute, | promstia, srodactin
Armis w [~
Commener
Cabin @spressurisstion 0% 8 (v) (v) (v)
gress 13:07 ] 112 T 114
Envirammetal fuxilierisstioa, motul quips P 13:51 a 1200 A20 M7
@mloading, et televisica dsplayaent
S-dand sntemns deplaywent 1b:32 10 10%2 173 62
Tremsferal of expundables k22 19 . ni a (]
(nited States flag dsploywsnt end photogreply nska 6 T26 13 942
Lusar sofuls md site inspection 187 16 s8r 176 pit ]
Talevisica tremsfer to scieatific equipmest day 115:08 3 868 3 ua
Bxperizwat peckege effloeding 115:08 13 690 pL 0
Uakaows astivity nsa 1 651 n m
Telavisiam positioming 19%:22 -3 80 a2 1363
Moéular equigmest sreasporter loeding 1%:2% 13 133 163 156
Dakaowa activity 115180 6 581 Ee] 1608
to kage Asplayment eite 115186 13 98 28 1850
lnun astivity 116101 3 m N 150,
Xage eystem imt ive seisxic off- 16:08 26 ™ 3% 220
Mu. leser m ntn-nnomr asplaymmt .
Cargnd muh lamer -viru-t experimsst dsplaynmmt 116:30 L] (] [ 23 2269
Dyt o ., PaSSive seiemic 16:35 6 57 Sh3 242
OFM. 4 leser reaging ntmnﬂaﬁcrl cad saple .
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Jutoe treverse 17:38 16 1273 339 uns
aknowa activity 07:34 6 17338 1T 3525
Seple collectiom 118:00 3 165 S8 3363
Extrevedicular activity closequt 118:03 16 108 27
Ingress ! .| nd: ] 1098 13 37%
Cabin repressurisation 18:23 » ™3 53 3783
Total 1Y) 288 800 43183 s
laner ibduls Pllot
Cabia dspressurisation pIE T ) 8 () ) (v)
Fro-agrets mperetions 0367 8 T 93
Rgrees 113:35 2 1382 33 b1 1]
Inviramental familiarisatios, contingeecy sempls aollectiom 13:37 13 901 23 N
Ivplayment of saler vind amposition experissst 1k112 2 1048 35 08
laser runging retro-reflsctor wnloading PTLINY 9 1061 1%9 367
Ingress 1h:23 2 1265 a2
S-band watamme svitahing . 116128 12 195 29 e
Rgress 1437 2 2 e78
. Camers sOvp nhY s 003 9 987
United States flag Uu--t and photogrepy 14143 Y 9\ 63 2000
Traveres to televisica 10T 3 ™ 37 1037
Nlaieia pacrem 11h:%0 10 ~ 103 10
bdnlar equipmest Sremsporter dsplayment 115100 8 ™6 99 129
Experimst peckege offioading 115:08 30 1038 637 1096
Traverse t0 experimsat peckage dsplayment site 115:86 15 1098 21 an
Dakaowa estivity 116:01 2 186 26
eckage gystem iater  thuper end geopd 16:03 23 786 301 2¥98
mloading
dortar ofTload 116:26 3 972 2507
Daknowa activity 16:29 s T8 [{] 2612
Supretdermal 1o @rtecter experimmat wnloading end deplaymest | 116:3% n 905 156 2768
Penetrumster activity 116:05 2 5 26 279%
Qeophane Gsplaymmt 16387 13 s\ 35 309
) Twmper setivity 0T:02 » 17 m 3hé
" taknowa astivity 0738 3 634 2 3438
Mertar pack arming . 0n71:37 A 695 [0 b L)
aknown, activity unra 1 T21 12 w6
fetwn traveree 782 12 08 208 3700
Extrevedicular activity clossowt 1T:54 a nn 3% 093
lagress 16:13 3 121 62 [3C]]
Rxtrevabicular activity Cerminstion 118:18 S 108 2%
Cabia represswisatios . 16:23 s 913 61 320
Tota b 288 930 Y320 ax0

for 1
ninute 1088 of the bicmedical date signal ocourred et the begimaiag of the extravehicular activity period.

total metabolie production for the emtire b hour M8 mimute period, including metadolic productice during the first 8 mimutes,
1s 3040 and WASk Btu for the Commemder mad luser Nodule Pilot, respectively.
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TABLE 10-II.- METABOLIC ASSESSMENT OF THE SECOND EXTRAVEHICULAR.PERIOD

Btarting Darati Average Mstsbolic Camlstive estabalie -
Surfuce activity® tine, 22 | metabolic rete, | productics, 1cn
briin o Btuw/nr Btu u
Ccmmander
Cabin depreseurization 131:08 s k86 88 88
Rgress 131113 7 750 » 128
Pumiliarization and transferal of equipment transfer bag 131:20 8 \23 56 184
Modular equipment transporter loading 131:26 10 o 68 2352
Lunar portsble magnetomster offloading 131:38 s A65 » 31
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Extravehicular activity closeout 13h:55 %) 1108 139 hoN6
Extravenicular activity termizatics 135:35 6 903 9 ]
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10.2 MEDICAL 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 flight crews.

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

During the first two days of flight, the crew reported discomfort
and 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, and was attributed to changes in
posture during weightlessness. Inflight exercise provided relief.

10.2.2 Visual Phenomenon

Each crewman reported seeing the streaks, points, and flashes of
light that have been noted by previous Apollo crews. The frequency of
the light flashes averaged about once every 2 minutes for each crewman.
The visual phenomenon was observed with the eyes both open and closed,
and the crew was more aware of the phenomenon immediately upon awakening
than upon retiring. In a special observation period set aside during the
transearth coast phase, the Command Module Pilot determined that dark
adaptation was not a prerequisite for seeing the phenomenon if the level
of spacecraft illumination was low. Furthermore, 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 an external radiation source
and would indicate that they were generated by extremely-high-energy par-
ticles, presumably of cosmic origin. Low-energy 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 Lunar Module Pilot used one
drop in each nostril. Relief was prompt and lasted for approximately
12 hours. The Command Module Pilot used the nose drops 3 hours prior
to entry.

vy v v o L U L. T oL L
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On this mission, the nasal spray bottles in the inflight medical
kit were replaced by dropper bottles because previous crews had reported
difficulties in obtaining medication from spray bottles in zero-g. The
crew reported no problems associated with the dropper bottle.

10.2.4 Sleep

The shift of the crew's normal terrestrial sleep cycle during the
first four days of flight was the largest experienced so far in the
Apollo series. The displacement ranged from T hours on the first mission
dey to 11-1/2 hours on the fourth. The crew reported some difficulty
sleeping in the zero-g environment, particularly during the first two
sleep periods. They attributed the problem principally to a lack of
kinesthetic sensations and to muscle soreness in the legs and lower back.
Throughout the mission, sleep was intermittent; i.e., never more than 2
to 3 hours of deep and continuous sleep.

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

Following transearth injection, the crew slept better than they had
previously. The lunar module crewmen required one additional sleep per-
iod to make up the sleep deficit that was incurred while on the lunar
surface.

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 Lunar Module Pilot's personal radiation dosimeter failed to in-
tegrate the dosage properly after the first 24 hours of flight. To en-
sure that each lunar module crewman had a functional dosimeter while on
the lunar surface, the Command Module Pilot transferred 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 and 630 millirads for the Cammander and the Command Module
Pilot, respectively. No value can be determined for the Lunar Module
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Pilot. The total radiation dose for each crewman was approximately 1.15
rads to the skin and 0.6 rad at a 5-centimeter tissue depth. These doses
are the largest observed on any Apollo mission; however, they are well
below the threshold of detectable medical effects. The magnitudes of the
radiation doses were apparently the result of two factors: (1) The trans-
lunar injJection trajectory lay closer to the plane of the geomagnetic
equator than that of previous flights and, therefore, the spacecraft
traveled through the heart of the trapped radiation belts. (2) The space
radiation background was greater than previously experienced. Whole-body
gamma spectroscopy was also performed postflight on the crew and indi-
cated no cosmic ray induced radioactivity.

10.2.6 Water

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

10.2.T 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 ambrosia (freeze dehydrated)
c. Beef jJerky (ready-to-eat bite-sized)
d. Diced peaches (thermostabilized)

e. Mixed fruit (thermostabilized)

f. Pudding (thermostabilized)

The latter three items were packaged in aluminum cans with easy-open,
full-panel, pull-out lids. The crew did not report any difficulties
either with removing the pull-out 1lids or eating the food contained in
these cans with a spoon.

Prior to the mission, each crewman evaluated the available food
items and selected his individual flight menu. These menus provided
approximately 2100 calories per man per day. During most of the flight,
the crew maintained a food consumption log. The Cammander and the Lunar
Module Pilot ate all the food planned for each meal, but the Command
Module Pilot was satisfied with less.
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Recovery-day physical examinations revealed that the Commander and
the Lunar Module Pilot had maintained their approximate preflight weight,
while the Command 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 EXAMINATIONS

Each crewman received a comprehensive physical examination at 27,
15, and 6 days prior to launch, with brief examinations 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 Commander and the Command
Module Pilot had a small amount of clear, bubbly fluid in the left middle-
ear cavity and slight reddening of the eardrums. These findings disap-
peared in 24 hours without treatment. The Lunar Module Pilot had mode-
rate eyelid irritation in addition to slight redness of the eardrums.

All crewmen showed a mild temporary reaction to the micrcpore tape cover-
ing their biomedical sensors. This reaction subsided within 24 hours.

10.4 FLIGHT CREW HEALTH STABILIZATION

During previous Apollo missions, crew illnesses were responsible
for numerous medical and operational difficulties. Three days before
the Apollo T launch, the crew developed an upper respiratory infection
which subsided before lift-off, but recurred inflight. Early on the
Apollo 8 mission, one crewman developed symptoms of a 2U-hour viral gas-
troenteritis which was epidemic in the Cape Kennedy area around launch
time. About two days prior to the Apollo 9 flight, the crew developed
common colds which necessitated a delay of the launch for three days.
Nine days before the Apollo 13 launch, the backup Lunar Module Pilot de-
veloped German measles (rubella) and inadvertently exposed the prime Com-
mand Module Pilot. The day before launch, the prime Command 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 an 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 program was implemented. This program consisted of
the following phases:
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a. JTdentification, examination, and 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 surveillance of the crew members and
the primary contacts, their families, and 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 and backup crew members in the crew
quarters at the Kennedy Space Center from 21 days before flight until
launch.

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

10.5 QUARANTINE

No change in quarantine procedures were made on this mission, except
as follows:

a. Two mobile quarantine facilities were used.

b. Two helicopter transfers of the crew and support personnel were
performed.

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

The crew and 14 medical support personnel were isolated behind the
microbiological barrier in the Iunar Receiving Laboratory at Houston,
Texas, on February 12, 197T1. Daily medical examinations and periodic
laboratory examinations showed no signs of illness related to lunar ma-
terial exposure. No significant trends were noted in any biochemical,
immunological, or hematological parameters in either the crew or the
medical support personnel. On February 27, 1971, after 20 days of iso-
lation within the Lunar Receiving Laboratory, the flight crew and the
medical support personnel were released from quarantine. Quarantine
for the spacecraft and samples of lunar material was terminated April 4,

1971,

- v - 3 ! ' T L Y

F e A o a A



11-1

11.0 MISSION SUPPORT PERFORMANCE

11.1 FLIGHT CONTROL.

Flight control performance was 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 unit that pro-
cesses the analog flight control data had failed. The flight controllers
were able to recover most of the analog data from the S-IVB VHF downlink;
however, because of its limited range, an early loss of data was experi-
enced at 4 hours 27 minutes.

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

High-gain antenna lockup problems were noted during revolution 12
lunar orbit operations. Because of this problem, a data storage equip-
ment dump could not be accomplished to obtain data from the revolution 12
low-altitude landmark tracking operation. These data were to be used for
powered 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 forward
and aft amnidirectional antennas and the 210-foot ground receiving an-
tenna. Receiving of communications and high-bit-rate data were satis-
factory except for some small losses when switching to the aft antenna
late in the descent phase.

An abort command was set in the lunar module guidance computer and
the indication was observed by Flight Control during lunar module activa-
tion, about 4 hours prior to scheduled powered descent initiation. A
procedure was uplinked to the crew which reset the abort command and led
to the conclusion that the abort switch had malfunctioned. Subsequently,
the abort command reappeared three times and, each time, the command was
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reset by tapping on the panel near the abort switch. A procedure to in-
hibit the primary guidance system from going into an abort program was
developed in the interval prior to powered descent, and was uplinked to
the crew for manual entry into the computer. The first 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 an 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 communications but the Mission Control
Center was not receiving crew communications. The problem was corrected
by resetting the Commander's audio circuit breaker which was not engaged.

The color television camera 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 camera was turned off between the extravehicular periods for cool-
ing, instead of leaving it operating as required by the flight plan.

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

Three problems developed during the Apollo 1L mission that, had the
crew not been present, would have prevented the achievement of the mis-
sion objJectives. 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 and data for failure analysis and development of alter-
nate procedures. The crew performed the necessary activities and the re-
quired work-around procedures that allowed the mission to be completed
as planned.

11.2 NETWORK

The Mission Control Center and the Manned 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 lunar orbit. The power loss resulted in a
L 1/2-minute data loss. On lunar revolution 12, a power amplifier fail-
ure occurred at the Goldstone station. The problem was corrected by
switching to a redundant system. The Network Controller's Mission Re-
port for Apollo 1L, dated March 19, 1971, published by the Manned Space-
craft Center, Flight Support Division, contains a summary 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 planning for Apollo 1l4. Ship support for the primary land-
ing area in the Pacific Ocean was provided by the helicopter carrier
USS New Orleans. 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 underwater demolition team personnel and the required recovery
equipment. The third helicopter, designated "Recovery", carried the de-
contamination swimmer and the flight surgeon, and was utilized for the
retrieval of the flight crew. The fourth helicopter, designated "Photo",
served as a photographic platform for both motion-picture photography
and 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 command module landed uprange or downrange of the target point.
A11 recovery forces dedicated for Apollo 14 support are listed in
table 11-I. Figure 11-1 illustrates the recovery force positions prior
to predicted S-band acquisition time.

11.3.1 Command Module Location and Retrieval

The New Orleans' 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 landing was determined to be 26 degrees 59 min-
utes 30 seconds south latitude and 172 degrees U1 minutes west longitude.
The command module landing point was calculated by recovery forces to be
27 degrees O minutes U5 seconds 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 sighting was reported by the communications-
relay helicopter and then by the New Orleans, Recovery, Swim 1 and
Swim 2. Shortly thereafter, voice transmissions from the command module
were received by the New Orleans.

The command module landed February 9, 1971, at 2105 G.m.t. and re-
mained in the stable I flotation attitude. The VHF recovery beacon was
activated shortly after landing, 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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TABLE 11-I.- APOLLO 14 RECOVERY SUPPORT

Type

Number

Ship name/
aircraft staging base

Area: supported

Ships

ATF
LCU

DD
LSD

DD

LPH

(W

USS Paiute

USS Hawkins
USS Spiegel Grove

USS Carpenter

USS New Orleans

Launch site area

" Launch abort area and

West Atlantic earth-
orbital recovery zone

Deep-space secondary land-
ing areas on the Atlantic
Ocean line

Mid-Pacific earth-orbital
recovery zone

Deep-space secondary land-
ing aress on the mid-Pacific
line and the primary end-of-
mission landing area

Aircraft

HH-53C
HC-130

HC--130

HC-130

HC-130

HC-130

SH-3A

Patrick Air Force Base
McCoy Air Force Base

Pease Air Force Base

Lajes Field, Azores

Ascension Island

Hickam Air Force Base

USS New Orleans

Launch site area

Launch abort area, West
Atlantic recovery zone,
contingency landing area

Launch abort area, West
Atlantic recovery zone

Launch abort area, earth
orbital contingency landing
area

Atlantic Ocean line and
contingency landing area

Mid-Pacific earth orbital
recovery zone, deep-space
secondary landing area
and primary end-of-mission
landing area

Deep-space secondary
landing area and primary
end-of-mission landing
area

8Plus one backup
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Figure 11-1.- End-of-mission recovery support.
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After confirming that the command module and the crew were in good
condition, Swim 2 attempted to retrieve the main parachutes, and swim-
mers were deployed to the command module to install the flotation collar.
Recovery forces were unable to retrieve any of the main parachutes, but
did retrieve two drogue parachute covers and one sabot. The decontamin-~
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 T 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 U minutes west longitude at 2309 G.m.t.

The flight crew remained aboard the New Orleans in the mobile quar-
antine facility until they were flown to Pago Pago, Samoa, where they
transferred to a second mobile quarantine facility aboard a C-1L4l air-
craft. The crew was flown to Ellington Air Force Base, with a stop at
Norton Air Force Base, California, where the aircraft was refueled.

After arrival of the New Orleans at Hawaii, the command module was
offloaded and taken 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.




11-7

Time relative

Event GT;m: to landing
e days :hr:min
_ Feb. 9, 1971
S-band contact by Samoa Rescue 1 2055 -0:00:10
Radar contact by New Orleans 2056 -0:00:09
Visual contact by "Relay" helicopter 2100 -0:00:05
Voice contact with flight crew 2101 -0:00:0L4
Command module landing : 2105 0:00:00
Swimmers deployed to command module 2112 0:00:07
Flotation collar installed and inflated 2120 0:00:15
Decontamination swimmer deployed 2127 0:00:22
Hatch opened for crew egress 21L0 0:00:35
Flight crew in egress raft 2141 0:00:36
Flight crew aboard helicopter 2148 0:00:43
Flight c¢rew aboard New Orleans 2153 . 0:00:48
Flight crew in mobile quarantine facility 2203 0:00:58
Command module aboard New Orleans 2309 0:02:0k4
Feb. 11, 1971
First sample flight departed ship 0355 1:05:00
Flight crew departed ship 1746 1:18:51
First sample flight arrived Houston 2057 1:22:02
(via Samoa and Hawaii)
Feb. 12, 1971
Flight crew arrived Houston 093k 2:10:39
Flight crew arrived at Lunar Receiving 1135 2:12:40
Laboratory '
Feb. 17, 1971
Mobile quarantine facility and cammand -2130 T:22:35
module offloaded in Hawaii
Feb. 18, 1971
Mobile quarantine facility arrived oTLO 8:08:45
Houston
Feb. 19, 1971
Reaction control system deactivation com- 2300 10:00:05 -
pleted
. . Feb, 22, 1971
Command module arrived Houston 21Ls 12:22:50
Camnand module delivered to Lunar Receiv- 2330 13:00:35
ing Laboratory
/A S A ORI U RS SO U VO VO VO S
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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
aspects of the command module postrecovery operations, the mobile quar-
antine facility operations and lunar sample return operations were nor-
mal with the exception of the following discrepancies noted during com-
mand module inspection.

a. There was an apparent chip (l-inch wide, 3-inches long, and 1/2-
inch deep) in the minus Z quadrant of the heat shield adjacent to the
small heat sensor, about 30-inches inboard from the 1lip of the heat shield.

‘However, the heat shield can be considered to be in normal post-reentry

condition.

b. There was a film layer 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 primary
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 Commander's radiation dosimeter was broken and no reading
was obtained. The other two dosimeters were left aboard the command
module.
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12.0 ASSESSMENT OF MISSION OBJECTIVES

The four primary objectives (ref. 7) assigned to the Apollo 1L mis-
sion were as follows:

a. Perform selenological inspection, survey, and sampling of ma-
terials in a preselected region of the Fra Mauro formation.

b. Deploy and activate the Apollo lunar surface experiments package.

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

d. Obtain photographs of candidate exploration sites.

Eleven detailed objectives (derived from primary objectives) and
sixteen experiments (listed in table 12-I and described in ref. 8) were
assigned to the mission. All detailed obJectives, with the following
exceptions, were successfully completed:

a. Photographs of a candidate exploration site

b. Visibility at high sun angles

c. Command and service module orbital science photography

d. Transearth lunar photography

On the basis of preflight planning data, these four objectives were only
partially satisfied.

Two detailed objectives were added and were performed during trans-
lunar coast: S-IVB photography and command and service module water-dump
photography. The S-IVB could not be identified on the film during post-
flight analysis and, although same particles were seen on photographs of
the water dump, there was no indication of the "snow storm" described by
the crew.

In addition to the spacecraft and lunar surface objectives, the
following two launch vehicle objectives were assigned and completed:

B} a. Impact the expended S-IVB/instrumentation unit on the lunar
surface under nominal flight profile conditions.

b. Make a postflight determination of the S-IVB/instrumentation
unit point of impact within 5 kilometers and the time of impact within
one second.
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TABLE 12.1.- DETAILED OBJECTIVES AND EXPERIMENTS

Description ‘ Campleted

Detailed obJjectives

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

Apollo lunar surface experiments package:

M-515 Lunar dust detector Yes
S-031 Lunar passive seismology Yes
S-033 Lunar active seismology Yes
S-036 Suprathermal ion detector Yes
S-058 Cold cathode gauge Yes
S-038 Charged particle lunar environment Yes
S-059 Lunar geology investigation Yes
S-078 Laser ranging retro-reflector Yes
S-200 Soil mechanics Yes
S-198 Portable magnetometer Yes
S-170 Bistatic radar Yes
S-080 Solar wind composition Yes
S-178 Gegenschein from lunar orbit Yes
S-164 S-band transponder Yes
S-176 Apollo window meteroid Yes
M-0T78 Bone mineral measurement Yes

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




The impact of the S-IVB was detected by the Apollo 12 passive seismic
experiment. The impact of the spent lunar module ascent stage was de-~
tected by both the Apollo 12 and Apollo 1k passive seismic experiments.

12.1 PARTIALLY COMPLETED OBJECTIVES

12.1.1 Photographs of a Candidate Exploration Site

Four photographic passes to obtain Descartes landing data were sched-
uled: one high-resolution sequence with the lunar topographic camera at
low altitude, two high-resolution sequences with the lunar topographic
camera at high altitude and one stereo strip with the Hasselblad electric
data camera at high altitude. On the low altitude (revolution 4) lunar
topographic camera pass, the camera malfunctioned and, although 192 frames
were obtained of an area east of Descartes, no usable photography was ob-
tained of Descartes. On the subsequent high-altitude photographic passes,
the electric Hasselblad camera with the 500-mm lens was used instead of
the lunar topographic camera. Excellent Descartes photography was ob-
tained during three orbits, but the resolution was considerably lower
than that possible with the lunar topographic camera. Another problem
was encountered during the stereo strip photographic pass. Because the
cammand and service module S-band high-gain antenna did not operate prop-
erly, no usable high-bit-rate telemetry, and consequently, no camera
shutter-open data were obtained for postflight data reduction.

12.1.2 Visibility at High Sun Angles

Four sets of zero-phase observations by the Cammand Module Pilot
were scheduled in order to obtain data on lunar surface visibility at
high sun elevation angles. The last set, scheduled for revolution 30,
was deleted to provide another opportunity to photograph the Descartes
area. Good data were obtained from the first three sets.

12.1.3 Command and Service Module Orbital Science Photography

All objJectives were completed with the exception of those that spec-
ified use of the lunar topographic camera. The Apollo 13 S-IVB impact
crater area was photographed using the electric Hasselblad TO-mm camera
with the 500-mm lens as a substitute for the inoperable lunar topographic
camera.
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12.1.4 Transearth Lunar Photography

Excellent photography of the lunar surface with the electric Hassel-
blad data camera using the 80-mm lens was obtained: No lunar topographic
camera photography was obtained because of the camera malfunction.

12.2 INFLIGHT DEMONSTRATIONS

In addition to detailed objectives and 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 and responsible NASA centers were:

a. Electrophoretic separation - Marshall Space Flight Center

b. . Heat flow and convection - Marshall Space Flight Center

c. Liquid transfer - Lewis Research Center

d. Composite casting - Marshall Space Flight Center.
12.3 APPROVED OPERATIONAL TESTS

The Manned Spacecraft Center participated in two of eight approved
operational tests. Operational tests are not required to meet the ob-
Jectives of the mission, do not affect the nominal timeline, and add
no payload weight. The two operational tests were: lunar gravity meas-
urement (using the lunar module primary guidance system) and a hydro-
gen maser test (a Network and unified S-band investigation sponsored by
the Goddard Spaceflight Center). Both tests were completed, and the re-
sults of the hydrogen maser test are given in reference 9.

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

a. Chapel Bell (classified Department of Defense test)

b. Radar Skin Tracking

c. Ionospheric Distﬁrbance from Missiles

d. Acoustic Measurement of Missile Exhaust Noise

e. Army Acoustic Test

f. Long-Focal-Length Optical System,
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13.0 LAUNCH PHASE SUMMARY

13.1 WEATHER CONDITIONS

Cumulus clouds existed in the launch complex area with tops at
15 000 feet 20 minutes prior to the scheduled launch and with tops at
18 000 feet 10 minutes later. During this time, the ground-based elec-
tric field meters clearly showed fluctuating fields characteristic of
mildly disturbed weather conditions. Since the mission rules do not
allow a launch through cumulus clouds with tops in excess of 10 000 feet,
a 40-minute hold was required before a permissible weather situtation
existed. At launch, the cloud bases were at 4000 feet with tops to
10 000 feet. The launch under these conditions did not enhance the
cloud electric fields enough to produce a lightning discharge, thus
providing further confidence in the present launch mission rules.

13.2 ATMOSPHERIC ELECTRICITY EXPERIMENTS

A As a result of the lightning strikes experienced during the

Apollo 12 launch, several experiments were performed during the launch

of Apollo 13 and Apollo 1l to study the effects of the space vehicle on
the atmospheric electrical field during launch. Initially, it was hoped
that the effects could be related simply to the electrical-field-
enhancement factor of the vehicle. However, the results of the Apollo 13
meas urements showed that the space vehicle produced a much stronger elec-
trical field disturbance than had been expected and also produced some
low-frequency radio noise. This disturbance may have been caused by a
buildup of electrostatic charges in the exhaust cloud, charge buildup on
the vehicle, or a combination of both of these sources. To define the
origin and the carriers of the charge, additional experiments were per-
formed during the Apollo 14 launch to study the electric field phenomena
in more detail, to measure radio noise, and to measure the temperature

of the Saturn V exhaust plume, which is an important parameter in calcu-
lating the electrical breakdown characteristics of the exhaust. The pre-
liminary findings of these experiments are given here. When analyses of
data have been completed, a supplemental report will be issued (appendix E).

13.2.1 Electrical Field Measurements

Atmospheric electrical field measurements were made by the New
Mexico Institute of Mining and Technology and the Stanford Research In-
stitute at the locations shown in figure 13-1. In addition, a field
measuring instrument (field mill) was installed on the launch umbilical



13-2

NASA-S-71-1665 (<)
<
FOAr Y N \ >
\ 3§ ; \Uf\ z
N 3 x
Radiometer \::____‘; R . @ o
site \h} m‘? j 0
le \\ N z‘ D e
Field mill Distance from launch Azimuth, X S\
no. complex A, meters deg
1 750 19
2 377 49
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9 1600 270
10 800 . 300
11 380 270 Field mill instruments 1 through 8 were
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 provided by Stanford
tower Research Institute.

Figure 13-1.- Field mill locations at the launch site.

tower to detect any charge buildup on the vehicle during ignition and the
initial seconds after lift-off. Accurate timing signals, which were not
available on Apollo 13, were provided to most of the field measurement
equipment locations on Apollo 1lk. Time-lapse photographs of the launch
cloud were also taken to aid in the interpretation of the data. Like
Apollo 13, the Apollo 1k launch produced a significant electrical dis-
turbance in the field mill records (fig. 13-2). Although the data are
still being analyzed, same preliminary observations can be made.

Prior to the Apollo 13 launch, the field mills indicated stable
fine-weather fields of 100 to 200 volts per meter. Before the Apollo 14
launch, however, the fields were fluctuating several hundred volts per
meter, positive and negative. This behavior was entirely consistent with
the difference in weather conditions — good conditions for Apollo 13 but
mild disturbances for Apollo 1lk.
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During the Apollo 13 launch, the instruments at sites west of the
launch complex registered a smooth positive field increase, succeeded
by a less pronounced negative excursion. For Apollo 1k, the negative
excursion was not evident; however, the field variations occurred at ap-
proximately equivalent times for both launches. The positive excursion
was approximately five times greater for Apollo 13 than for Apollo 1b,
and reached maximum when the space vehicle was at altitudes greater than
1000 meters. This observation, coupled with the fact that the maximum
electric fields were observed downwind on both launches makes it unlikely
that the space vehicle charge was the dominant factor but, rather, that
the positively charged clouds were the dominant sources of the electric
fields.

During lift-off, the swiftly moving exhaust clouds are channeled
both north and south through the flame trough. The principal cloud which
moved through the north end of the flame trough was composed largely of
condensed spray water and contained a positive charge of approximately
50 millicoulombs and a field of approximately 4000 volts/meter (Site 2
of fig. 13-2). The cloud that exhausted to the south had much less water
and 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 umbilical tower indicated a small posi-
tive value (<400 volts/meter) a few seconds after lift-off. Model meas-
urements using a 1/1hkk-scale model of the launch umbilical tower and the
Apollo/Saturn vehicle indicated that, in this configuration, the launch
umbilical tower field and the vehicle potential are related by volts/
field = 20 meters. Thus, the vehicle potential is less than 8000 volts
(LOO x 20). A comparison of the launch umbilical tower record with the
data from the other sites indicates that the charge on the vehicle ap-
pears to be less than 1 millicoulomb.

13.2.2 Radio Noise Measurements

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

The loop-antenna data (fig. 13-3) indicate a large increase in noise
on the 1.5-kHz and 6-kHz channels 3 seconds after engine ignition, while
the noise on the 51-kHz channel did not begin until 2 seconds after lift-
off (about 11 seconds after ignition). Initially, it appeared that the
1.5- and 6-kHz data might not represent radiated electromagnetic noise,
rather, microphonic noise generated by some component of the system such
as the loop antenna preamplifier. Preliminary data from the electric

v ¥ bt - L U L - L L L LL bk ke .
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Figure 13-3.- Noise recorded by‘ldop antenna system.

dipole antenna at camera pad 5, however, indicate the same general be-
havior, and as the two antenna systems use separate amplifiers, it appears
that the data are valid. An sbrupt cessation of the 1.5- and 6-kHz noise
by both systems prior to the loss of the 51-kHz noise is not understood
and further studies of the noise data are presently being made.

13.2.3 Plume Temperature Measurements

The temperature characteristics of the Saturn V exhaust plume were
studied from a site about 5 miles west of the launch complex using a two-
channel radiometer system operating at 1.26 and 1.68 microns. The radio-
meters viewed a narrow horizontal section of the exhaust plume which, in
turn, provided temperature as a function of distance down the plume as
the vehicle ascended vertically. Figure 13-4 shows the measured plume
temperature as a function of distance behind the vehicle. These results
are now being used to improve the theoretical calculations of the elec-
trical characteristics of the exhaust plume. It appears that the plume
may 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 passing the launch umbilical tower field meter since, at
that time, the vehicle is probably still effectively connected electric-
ally to earth. (Reference 10 contains additional information concerning
plume temperature measurements.)
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Figure 13-4.- Exhaust plume temperature characteristics.

13.3 LAUNCH VEHICLE SUMMARY

The seventh manned Saturn V Apollo space vehicle, AS-509, was
launched on an azimuth 90 degrees east of north. A roll maneuver was
initiated at 12.8 seconds that placed the vehicle on a flight azimuth
of 75.558 degrees east of north. The trajectory parameters from launch
to translunar injection were close to nominal with translunar injection
achieved 4.9 seconds earlier than nominal.
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All S-IC propulsion systems performed satisfactorily. Total pro-
pellant consumption rate was 0.42 percent higher than predicted with the
consumed mixture ratio 0.94 percent higher than predicted. Specific im-
pulse was 0.23 percent higher than predicted.

The S-II propulsion system performed satisfactorily. Total propel-
lant flow rate was 0.12 percent below predicted and specific impulse was
0.19 percent below predicted. Propellant mixture ratio was 0.18 percent
above predicted. The pneumatically actuated engine-mixture-ratio control
valves operated satisfactorily. Engine start tank conditions were mar-
ginal at S-II engine start command because of the lower start tank re-
lief valve settings caused by warmer-than-usual start tank temperatures.
These warmer temperatures were a result of the hold prior to launch.

The S-IVB stage engine operated satisfactorily throughout the oper-
ational phase of first and second firings and had normal shutdowns. The
S-1VB first firing time was L.l seconds.less than predicted. The restart
at the full-open propellant utilization valve position was successful.
S-IVB second firing time was 5.5 seconds less than predicted. The total
propellant consumption rate was 1.38 percent higher than predicted for
the first firing and 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 pressure period bending moment at the S-IC liquid oxygen
tank was 45 percent of the design value. The thrust cutoff transients
were similar to those of previous flights. The S-II stage center engine
liquid oxygen feedline accumulator successfully inhibited the 1ll- 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 than 95-percentile January winds.

The S-IVB/instrument unit lunar impact was accomplished successfully.
At 82:37:52.2 elapsed time from lift-off, the S-IVB/instrument unit im-
pacted the lunar surface at approximately 8 degrees 5 minutes 35 seconds
south latitude and 26 degrees 1 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 and launch, performed sat-
isfactorily. System component failures and malfunctions requiring cor-
rective action were corrected during countdown without causing unscheduled
holds. Propellant tanking was accomplished satisfactorily. Damage to the
pad, launch umbilical tower, and support equipment was minor.
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14.0 ANOMALY SUMMARY

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

14.1 COMMAND 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 transposition and 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
analysis of film, accelerometers, and 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-I). 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 displays functioned properly before
and after the unsuccessful attempts, thus indicating proper switch oper-
ation and power to the talkback circuits. The talkback displays always
indicated that the capture latches were in the cocked position during
the unsuccessful attempts (fig. 1k-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 and 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 double marks (to match the latch hooks)
120 degrees apart, and 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 than 0.25 feet per second.

Since the latches were not locked, the anomaly was apparently caused
by failure of the capture-latch plunger (fig. 1l-1) to reach the forward
or locked position. Motion of the plunger could have been restricted by
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TABLE 1L-I.- RELATED DATA AND FILM INVESTIGATION RESULTS

Estimated Contact 8Socket +X
Docking Contact, velocit position, contact thrusting Comment
attempt | hr:min:sec Y clock- time, after contact, omments
ft/sec
oriented seconds seconds
1A 3:13:53.7 0.1 11:00 1.55 None a. No thruster activity
b. Contact moderately close to apex
1B 3:1L4:01.5 b0.110 max 9:00 1.65 None Contact close to apex
1C 3:1L:0L. LS b0.110 max L:30 1.k 0.55 Contact close to apex
1D 3:14:09.0 b0.29 max L: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.L4 0.h4 7:00 2.L5 None Contact close to apex
N 3:23:41.7 | 0.4 to 0.5 3:00 6.5 6.2 Contact close to apex
5 h:32:29.3 0.25 6:00 2.9 None Contact close to apex
6 L:56:4k4.9 0.2 7:00 In and hard 14.3 a. Contact moderately close to apex
docked b. Retract cycle began 6.9 seconds
after contact
c. Initial latch triggered 11.8 sec-

onds after contact

a'rhe maximum capture-latch response time is 80 milliseconds.

bEstimated velocity fram X-thruster activity time. These are maximums with some velocity being used
Other velocities were estimated by film interpretation.

to null out small separation velocity.

c-ht
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contamination or dimensional changes due to temperature. Internal dam-
age to the capture-latch mechanism can be ruled out because the system-
functioned properly in all subsequent operations following the sixth
docking attempt and during postflight testing. . .

Analyses were performed to investigate tolerances and thermal
effects on mating parts and surfaces associated with the operation of
the capture latches. The results indicate that neither temperature nor
tolerances could have caused the problem. In addition, a thermal analy-
sis shows that neither the latches nor the spider could have been jJammed
by ice.

Tests using qualification probes to determine capture-latch response
measurements were made and 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
and landed outside the ring itself.

No contamination, corrosion, significant debris, or foreign materi-
als were found, and the mechanism worked normally during all functional
tests. The loads and response times compared with the specifications
and with the probe preflight data. Motor torque values and actuator

assembly torque values (static drag and capture-latch release) compare
favorably with preflight values.

During the inspection, small scratches and resulting burrs were
found on the tension tie plug wall adjacent to the plunger. The scratches
are being analyzed. An anomaly report will be issued under separate cover
when the investigation has been completed.

The most probable cause of the problem was contamination or debris
which later became dislodged. A cover will be provided to protect the
probe tip from foreign material entering the mechanism prior to flight.

This anomaly is open.

14.1.2 High-Gain Antenna Tracking Problems

During translunar coast and lunar orbit operations, occasional prob-
lems were encountered in acquiring good high-gain antenna tracking with
either the primary or secondary electronics. The specific times of high-
gain antenna acquisition and tracking problems were:

a. T6:45:00 to T6:55:00
b. 92:16:00 to 93:22:00
c. 9T:58:00 to 98:0L4:02
d. 99:52:00.
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An instrumentation problem with the antenna readout occurred for
about 3 hours early in the mission when an error of about 30 degrees
existed. Subsequently, the readings were normal. A 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 command 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 1L4-3. The antenna started
tracking a point approximately 5 to 8 degrees off the earth pointing
angle at T6:45:00 elapsed time and continued tracking with low uplink
and downlink signal levels for 10 minutes at which time a good narrow
beam lock-up was achieved.
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Figure 1k-3.- Data from first period of anomalous operation.
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The low signals correlate with antenna pattern and gain data for a
5- to 8-degree boresight shift in the wide-beam mode. The direction of
the spikes observed on the downlink data in figure 14-3 are consistent
with switching between the wide and narrow beams. Conditions for a nor-
mal alignment and a misalignment of the wide and narrow beams are shown

in figure 14-4. A 5- to B-degree shift in the wide-beam mode boresight
NASA-S-71-1672
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Figure 14-4.- Antenna narrow and wide beam boresight relationship.
Figure 14-4.- Antenna narrow- and wide-beam boresight relationship.
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will not allow narrow-beam lock since continuous switching between the
wide beam and narrow beam will occur with the target outside the +3-
degree limit of the narrow-beam boresight. These large error signals
will initiate cyclic switching between the wide-beam and narrow-beam
modes.

The acquisition and tracking problems for the other time periods
were similar. As a result of the 5~ to 8-degree boresight shift of the
wide beam, the antenna at times would lock-up on the first side lobe
instead of the main lobe (fig. 1k-L). Since the antenna array is not
symmetrical, the boresight error in the wide-beam mode is a function of
the target approach path.

A number of problems could have caused the electrical shift of the
wide beam; however, they effectively reduce to an interruption of one of
the four wide-beam elements which supply signals 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-beam antennas to the comparator
assembly 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
and the effect in the beam occurred. There are two causes of the problem
with the center conductor, both of which occur during cable-to-connector
assembly (fig. 1L-5). The sleeve is assembled to the cable, a Lexan
insulator is then slipped over the center conductor, and the pin is in-
serted over the center conductor and soldered. If the wire gets too hot
during soldering, the Lexan grows and no longer fits loosely through the
hole in the outer body. When this occurs 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 assembly, the wire is twisted to
failure. These conditions are being corrected by reworking all connect-
ors and applying proper inspection and control procedures during the re-
work.

Failures on previous flights, in addition to the one on this mission,
were of the type that appear under certain thermal conditions. The mal-
function conditions of each of the failures were isolated to different
components of the antenna. All of these defects were of a type which
could escape the test screening process. Another possibility is that the
shock which an antenna experiences during the spacecraft-lunar module
adapter separation when the pyrotechnics fire might have caused defects
in the circuitry which could open up under certain thermal conditions

[J - - . - . . : 1 I . .o : .
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during the mission. The original qualification tests considered that the
shock environment would be 1low.

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

This anomaly is closed.

14.1.3 Urine Nozzle Blockage

After transposition and docking and prior to initiating passive
thermal control, the crew indicated that the urine nozzle (fig. 14-6)
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was obstructed. The same condition occurred several other times during
the mission and, in each case, the dump nozzle had not been exposed to
sunlight for prolonged periods.

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

If freezing occurs in the future, thawing can be accomplished very
quickly by orienting the spacecraft so that the nozzle is in sunlight.
This was demonstrated several times during this flight. The auxiliary
hatch nozzle and the water overboard dump nozzle provide backup capabil-
ities. No hardware change 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 anomaly is closed.

14.1.4 Degraded VHF Communications

The VHF link between the command and service module and lunar mod-
ule was degraded from prior to lunar lift-off through terminal phase
initiation. The received signal strength measured in the lunar module
was lower than predicted during the periods when VHF performance was de-
graded. VHF voice was poor and, 11 minutes prior to lunar lift-off, noise
was received in the lunar module through the VHF system. Therefore, the
system was disabled. When the system was again enabled about 4-1/2 min-
utes before lunar lift-off, the noise had disappeared.

Prior to lunar descent, the VHF ranging and rendezvous radar range
measurements correlated closely. However, during the time period pre-
ceding terminal phase initiation, the VHF ranging system indicated erron-
eous measurements. During this same time period, numerous range tracking
dropouts also occurred. The range measurements were in error by 5 to
15 miles when compared with the rendezvous radar range measurements
(fig. 14-T7). The VHF ranging data presented in the figure results from
a number of different acquisitions. After terminal phase initiation, the
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signal strength, as indicated by the lunar module receiver automatic gain
control voltage measurement, was adequate and VHF ranging operation was
normal.

These problems would be expected if the signal strength were low.
The signal strength was determined by measuring the automatic gain con-
trol voltage in the lunar module VHF receiver. The measurement range
was -97.5 to -32 dBm. Figure 1L-8 shows the predicted signal strengths
and those measured during the mission at the lunar module receiver.

The maximum predicted values assume that direct and multipath sig-
nals add. For the minimum predicted, the multipath signal is assumed to
subtract from the direct signal. The antenna pattern model used consisted
of gain values in 2-degree increments and did not include all the peaks
that are known to occur because of antenna polarization differences be-
tween the lunar module and command and service module. Line-of-sight to
the command module passing through one of these peaks would explain the
pulses shown in figure 14-8(a).

Figure 14-8(b) shows that the signal strength should have been on
scale subsequent to about 10 minutes after insertion. Figure 14-8(c)
shows that the measured signal strength was below that expected for the
right-forward antenna, the one which the checklist called out to be used,
from insertion to docking and above that predicted for the right-aft
antenna for this same time period. This indicates that the proper an-
tenna was selected, but some condition existed which decreased the signal
strength to the lunar module receiver.

The lower-than-normal RF link performance was a two-way problem
(voice was poor in both directions); therefore, certain parts of the VHF
system are prime candidates for the cause of the problem. Figure 14-9
is a block diagram of the VHF communications system as configured during
the rendezvous phase of the mission. Also shown are those areas in which
a malfunction could have affected the two-way RF link performance. A
single malfunction in any other area would have affected one-way perform-
ance only.

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

The lunar module received signal strength data are essentially qualita-
tive, since most of the inflight data during the problem period were
off-scale low. Unfortunately, the scale selection was not chosen for
failure analysis. A spot check of relative vehicle attitudes, as evi-
denced by normal performance of the rendezvous radar and by sextant
sightings, indicates that the attitudes were proper. The crew also
indicated that they followed the checklist for VHF antenna selection.
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A flight test was performed to verify that the VHF ranging problem
was associated with the low VHF signal strength and was not related to
the VHF ranging elements. The Apollo 1l range and range rate were dupli-
cated and the results showed that, for signal strengths below about
-105 dBm, errors in indicated range similar to those experienced on
Apollo 14 will be generated.

The procedures for test and checkout of the lunar module and com-
mand module elements of the VHF system have been reassessed and found
to be sufficient, and additional inspection or testing is not practical
or necessary. The only action that will be taken is to add instrumen-
tation on both the lunar module and 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 and
the command and service module. Measurement 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 measurements.

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

This anomaly is closed.

14.1.5 Entry Monitor System 0.05g Light

The entry monitor system 0.05g light did not illuminate within
3 seconds after an 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) and the range-to-go counter should begin to
count down. The crew reported the light failure but was unable to veri-
fy whether the scroll or counter responded before the switch was manually
changed to the backup mode. The crew also reported that the neutral
density filter was covering the 0.05g light and that there were sunlight
reflections in the cabin.
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Analysis of the range counter data reported by the crew indicates
a landing point about 5 nautical miles short; whereas, if the entry mon-
itor system had not started when 0.05¢g was sensed and had started 3 sec-
onds later, the indicated landing point would have been on the order of
20 nautical miles long.

Postflight tests conducted on the system show that the lamp driver
circuit and the redundant lamp filaments were operating properly. Analy-
sis of the range counter data and postflight 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 unit. Also, a flight procedural change will be made to
position the filter so that it will not obscure the light.

This anomaly is closed.

14.1.6 1Inability to Disconnect Main Bus A

During entry, 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 landing when the
battery 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
was 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 1L.1.T.

A similar motor switch failure was experienced during tests of the
Apollo 15 command and service module at the launch site. Also, a second
similar motor switch on the Apollo 15 vehicle required 100 milliseconds
to transfer; whereas, normal transfer time is 50 milliseconds. A motor
current signature was taken for one switch cycle of the slow-operating
switch and compared to a similar signature taken prior to delivery. It
showed that contact resistance between the brushes and commutator had
degraded and 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 found on the Apollo
14 commutator, as well as 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 along the track is abnormal. As a result
of the track buildup,. the resistance between the brushes and commutator
became higher. The higher resistance drops the voltage into the armature
causing the motor to run slower. (Switch transfer, open to closed, or
vice versa, requires 11 revolutions of the motor.) The increased re-
sistance at the brushes generates more heat than normal. A visual in-
spection of the Apollo 1k motor brush assembly showed high heating of
the brushes had occurred, and this was concentrated at the brush-
commutator interface. The condition was evident by the melting pattern
of a thin nylon dish which retains the brush in the brush holder.

An analysis is being made to determine the deposit buildup on the
commutator. Either the brush composition is in error, or a contamination
exists in the brush composition. X-ray refraction analysis shows the
same elements throughout the brush. The percentage of each of the sub-
stances will be determined and compared to the specification analysis
of the brush. :

Inspection of the commutator outside of the track shows a clean
copper surface comparable to other machined surfaces within the motor.
It can be inferred fram this that there are no problems associated with
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the age/life of the lubricants from the bearings or with outgassing from
organic materials which might deposit on the commutators. The switch
assemblies are hermetically sealed and under a 15-psi pressure of nitro-
gen and helium gas.

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

There are 36 motor-driven switch assemblies in the spacecraft. Some
of the switches are normally not used in flight. Some are used once or,
at most, several times. The increased resistance of brush to the commu-
tator as 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
commutdtor. 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-around procedures have been developed if any of the
motor switches are questionable as a result of the timing test.

This anomaly is open.

14.1.7 Intermittent Circuit Breaker

The motor switch failure discussed in section 14.1.6 should have
resulted in main buses A and B being energized after the motor switch
was commanded open (fig. 14-10). Postflight continuity checks, however,
showed that there was an open circuit between battery C and main bus B
and that the main bus B circuit breaker 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 breaker was actu-
ated.

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

This anomaly is open.
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14.1.8 Food Preparation Unit Leakage

The crew reported that a bubble of water collected on the stem of
the food preparation unit after hot water was dispensed, indicating a
slight leak. This problem also occurred on Apollo 12.

Tests of both the Apollo 12 and Apollo 1k units showed no leakage
when room temperature water was dispensed through the hot water valve;
however, at an elevated water temperature of approximately 150° F, a
slight leakage appeared after valve actuation. Disassembly of the
Apollo 12 dispenser showed damage in two valve O-rings, apparently as
a result of the considerable particle contamination found in the hot
water valve. Most of the contamination was identified as material re-
lated to component fabrication and valve assembly and probably remained
in the valve because of incomplete cleaning procedures. Since the par-
ticles were found only in the hot water valve, the contamination appar-
ently originated entirely within that assembly and was not supplied
from other parts of the water system.

Postflight, when the hot water valve was cycled several times, the
outflow was considerably less than the specified 1 ounce per cycle. Dis-
assembly of the valve will be performed and an anomaly report will be
issued under separate cover upon completion of the investigation. The
Apcllo 15 unit has been checked during altitude chamber tests with hot
water and no leakage was noted.

This anomaly is open.

lh;l.9 Rapid Repressurization System Leakage

Repressurization of the three storage bottles in the rapid repress-
urization system (fig. 14-12) was required three times in addition to
the normal repressurizations during the mission. The system required
repressurization once in lunar orbit and twice during the transearth
coast phase. Just prior to the first of the transearth coast repressuri-
zations, the system had been used (face mask checks) and refilled
(fig. 14-13). 1In this instance, the fill valve was 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 and was 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 about TOO psi
(due to temperature stabilization) at approximately 211 hours and re-
charged the system again.
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Data are not available from the lunar orbit repressurization as the
spacecraft was on the back side of the moon during the operation. How-
ever, the general procedure used during the transearth coast phase would
only partially recharge the system.

Postflight checks of the 900-psi system showed that the leakage rate
was about 40 standard cc/min as compared with the preflight value of
14 standard cc/min. This change in leakage rate is not considered ab-
normal. A leakage rate of this magnitude would lower the system pressure
about 100 psi every 3 days. Therefore, the lunar orbit recharging of the
system probably resulted from normal leakage.

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

This anomaly is closed.
14.2 LUNAR MODULE

14.2.1 Ascent Battery 5 Low Voltage

At 62 hours, the ascent battery 5 open-circuit voltage had decreased
from a lift-off value of 37.0 volts to 36.7 volts instead of remaining at
a constant level (fig. 14-14(a)). Figure 14-14(b) shows characteristic
open-circuit voltages for a fully charged battery (peroxide level of all
cells) and all cells operating on the monoxide level of the silver plate.
Note that one cell at the monoxide level and 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-
age drop.

a. Battery cell short
b. Cell short-to-case through an electrolyte path
c. External battery 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 and
plate grid, either of which could pierce the cellophane plate separator
during the launch powered-flight phase, providing a conductive path be-
tween positive and negative plates (fig. 1L4-15).
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During battery activation, one of the descent batteries had a cell
short to the case through an electrolyte path around a cell plug jJoint
(fig. 14-15). The cell plug was not properly sealed to the bottom of
the plastic cell case. If this condition existed in ascent battery 5
in flight, it could have decreased the battery open-circuit voltage.

An external battery load could have existed from 1lift-off to 62 hours
on the circuit shown in figure 14-16 in which typical types of high resist-
ance shorts are also shown. For this condition, the current drain would
have occurred on all cells. Figure 1ll-14 shows the time history of the
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open-circuit bus voltage for battery 5. For a constant external load,
the battery 5 open-circuit bus voltage would have been lower than the
flight data at 141 hours. Therefore, the external load would have had
to change with time. : '

To reduce the possibility of recurrence, corrective action has been
taken for each of the possible causes. Stricter inspection and improved
procedures have been incorporated for installation of the plugs. Partic-
cular attention will be given to the assembly of the cell plates on future
units. In addition, a test has been added at the launch site to measure
lunar module parasitic loads prior to battery installation to insure that
no abnormal loads are present.

This anomaly is closed.

14.2.2 Abort Signal Set In Computer
Prior to descent, the primary guidance computer received an abort

command four different times. The computer would have reacted if the
descent program had been initiated. The failure was isolated to one
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set of contacts of the abort switch (fig. 1L-17) because the abort com-
mand appeared only on the lunar module primary guidance computer down-
link (telemetry) and not on the abort guidance 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 signal from the computer. To prevent an unwanted abort during powered
descent, a computer program was developed and verified within 2 hours,
and in time to be manually inserted into the lunar module computer prior
to powered descent initiation. The program would have allowed the lunar
module computer to ignore the abort command, had it appeared during
powered descent.

The most probable cause of the abort command was 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 and
pressure (fig. 14L-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 translation switch
Engine start switch.

H O AN OP

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

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

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 translation switch was rewired so that two series
contact closures are required to fire the plus-X reaction control sys-
tem thrusters. This removed the four-thruster translation capability,
leaving only a two-thruster translation capability.

d. The engine-start switch and circuitry were not changed because
of this problem since inadvertent closure would only give the manual start
command, and the engine arm command is also required to fire the engine.
However, because of a switch failure in another spacecraft during ground
tests, the switch was rewired so that a series-parallel combination of
four switch contacts are used for the function. That failure was caused
by nonmetallic contamination (rust) preventing switch contact closure.
This contamination is undetectable by x-rays.

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

f. The abort and abort stage switch circuitry to the computer was
not modified. Instead, the primary guidance computer software was modi-
fied to allow the crew to lock out the computer abort and abort stage
program. If the crew exercises this option, any required abort would
have to be performed using the abort guidance system.

This anomaly is closed.

14.2.3 Intermittent Steerable Antenna Operation

Prior to the descent phase of the mission, the S-band steerable
antenna operation was intermittent. There were-nine instances of un-
scheduled interruption of antenna tracking. Three of these have been
explained. One was caused by the crew switching to an omnidirectional
antenna because of an erroneous reading of the pitch position indicator
at full scale of 255 degrees when the antenna was actually at 122 degrees.
Another occurred because the antenna was in the manual slew mode and
not in automatic-track. After undocking, the lunar module attitude was
changed and, as a result, the antenna was pointed away from the earth
resulting in a loss of signal. The third interruption which has been
explained was caused by a failure in the ground station power amplifier
resulting in a temporary loss of uplink signal.

The remaining unexplained tracking interruptions (fig. 14-19) have
similar characteristics. Five tracking interruptions occurred during
Goldstone coverage and figure 14L-20 is a plot of ground-station-received
signal strengths at these times. During the Madrid ground station cover-
age of revolution 32, another incident was noted with the same type of
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Figure 14-19.- S-band steerable antenna operation.

antenna response. It indicates that the antenna began to experience a
mechanical oscillation of approximately 2 to 3 hertz, which became in-
creasingly larger in amplitude until the antenna lost lock. When antenna
oscillations exceed plus or minus 5 degrees, excessive motor drive cur-
rent causes the 28-volt dc circuit breaker 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 unwanted
variation in the uplink signal or a condition of instability in the
antenna/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 transients 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 was not pointed at or
near the vehicle structure during the time periods when antenna lock
was lost.
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Multipath normally occurs when the spacecrzft is near the lunar
horizon. However, antenna loss-of-lock did not occur at these times.

Noise transients on the uplink are held to a minimum because the
ground station power amplifier operates in saturation. Also, the veri-
fication receiver which monitors the uplink signal at the ground station
displayed normal output during the problem time periods. Although the
incidental amplitude modulation has not been recently measured at Gold-
stone and Madrid, production sub-carrier oscillators have been checked.
These tests showed that the incidental amplitude modulation at the criti-
cal frequencies was not detectable (less than 0.1 percent). A test was
also performed which showed that the steerable antenna response to in-
cidental amplitude modulation became worse with the addition of voice
on the sub-carrier and the presence of pulse repetition ranging. How-
ever, there is no correlation between either of these and losses of an-
tenna lock. The most probable causes for tracking loop instability are
high loop gain, low gimbal friction, and low received signal strength
resulting in low signal-to-noise ratio in the tracking loop. Both up-
link and downlink signal strengths indicated that the RF levels were
nominal and were within the antenna's capability to track.

The loop gain as measured during the acceptance test of the
Apollo 1l equipment indicated a lower-than-nominal value indicating
that the stability should have been greater than nominal.

There are no likely failures in the antenna that would cause a gain
change sufficient to produce instability without complete loss of the
antenna. There are many component failures in the transceiver which
might produce the right amount of gain change for oscillations. However,
these failures would also affect the receiver automatic gain control
reading which appeared normal throughout the problem time.

The gimbal friction on the Apollo 1k antenna was measured during
ground tests and found to be higher than nominal. This would increase
the antenna stability. For gimbal friction to cause the problem, a
variation in friction which characteristically changed from normal to
low, or no friction, at short intervals and at random times consistent
with the antenna oscillations would have had to occur.

There was no cbvious variation in uplink signal and no obvious
change in the antenna/transceiver tracking loop which would cause the
antenna to oscillate. There must have been some intermittent condition
that existed in the spacecraft/ground station system, which has not yet
been identified. The investigation is continuing and an anomaly report
will be issued when the investigation is completed.
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An additional problem occurred one time during revolution 11 when
the antenna pitch-position indicator stuck at the full-scale reading
of 255 degrees. However, it became operative again and continued to
function properly. This may have been caused by a failure in the
position-sensing circuits in the antenna or in the meter itself. This
meter hung up twice during acceptance testing. A malfunction was found,
corrected, and a retest was successful. The indicator is used only as
a gross indication of antenna movement. Consequently, no further action
will be taken.

This anomaly is open.

14.2.4 Landing 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 landing
radar. The system switched to the low-range scale, forcing the trackers
into the narrow-band mode of operation. This was corrected by recycling
the main power circuit breaker 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" and "range-data-good" indications were trans-
ferred to the computer. The "velocity-data-good" signal is generated
when the Doppler trackers lock on and the "range-data-good" signal is
generated when the range tracker also locks on.

NASA-S-71-1689
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Figure 14L-21.- Landing radar scale switching logic.
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The second condition which was not expected occurred after the cir-
cuit breaker was recycled. At this time the initial slant range reading
was approximately 13 000 feet greater than that calculated from the oper-
ational trajectory. Several seconds later, the indicated slant range
Jumped from 32 000 to 25 000 feet. Subsequently, the landing radar read-
ings compared favorably with the gperational trajectory (fig. 14-22).
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The scale switching occurred at a slant range of 63 000 feet with
a beam U velocity of 3000 ft/sec at an incidence angle of 35.4 degrees.
Operating the landing radar under these conditions exceeds the maximum
range measurement design 1limit (fig. 14-23). ‘Under these conditionms,
the receiver is sweeping with maximum gain and the system will be sen-
sitive to any received noise. A test was performed with a radar oper-
ating under the Apollo 1l conditions (two range-rate beams locked up
and the range beam unlocked). By inserting low-level noise for a frac-
tion of a second into the receiver, range scale switching occurred.
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Figure 1L4-23.- Landing radar range measurement design limitation
as a function of vehicle velocity component along range beam.
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The high slant range indicated at lock-an by the landing radar was
most likely caused by the radar locking onto energy returned into the
antenna side lobe. Based on the preflight terrain profile and the pre-
flight operational trajectory, 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 antenna position 1. ILow scale
will only be enabled in position 2. Position 2 of the antenna is auto-
matically selected by the computer at high gate (7500 feet altitude).
The manual selection of antenna positions 1 and 2 will also control high
scale and enable low scale switching, respectively.

This anomaly is closed.

14.2.5 Loss of the Abort Guidance System

The abort guidance system failed during the braking phase of ren-
dezvous. Telemetry data were suddenly lost at 143:58:16; however, there
was no indication of an abort guidance system warning light or master
alarm. The crew was unable to access the data entry and display assembly
and depressing any of the pushbuttons had no effect. The status switch
was cycled from operate to standby 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 and the subsequent cycling of
the circuit breakers. Further evidence of the system having been in
standby was the absence of the warning light and 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 and the warning light would have illuminated and the master
alarm sounded. A wearning light and a master alarm would also have oc-
curred if the failure had been in the abort guidance status switch or
the associated external wiring. These conditions isolate the failure
to the power supply section or the sequencer of the abort electronics
assembly (fig. 14-2L4). -
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Figure 1L-24.- Partial abort guidance system functional diagram.

The failure has been isolated to one of seven modules in the plus
L-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 transistor,
four diode, four transformer, and one saturable reactor that could have
caused the failure. ) ‘ .

A complete failure history review of the component part types re-
vealed no evidence of a generic part problem. A power dissipation analy-
sis and a thermal analysis of maximum c¢ase temperature for each of the
suspect parts showed adequate design margins.

Manufacturing procedures were reviewed and found to be satisfactory.
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 units to unacceptable or hazardous test con-
ditions.

A component or solder joint failure could have been due to either
an abnormal thermal stress or a non-generic deficiency or quality defect
that was unable to withstand a normal environment. An sbnormal thermal



1k-Lo

stress could have been caused by improper installation of the equipment
on the cold rails. If this occurred, the first component which should
fail is in the particular power supply to which the failure was isolated.

In any event, the methods and techniques used to verify system
performance show no apparent areas which require improvement. Further
stress analysis of components and solder Joints shows that the design is
adequate. The methods, techniques and procedures 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 anomaly is closed.

14.2.6 Cracked Glass on Data Entry and Display Assembly

The crew reported a crack in the glass across the address register
of the data entry and display assembly. Figure 14-25 shows the assembly
and the location of the crack. Figure 14-26 is an enlarged drawing of
the glass and associated electroluminescent segments.
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Figure 14-26.- Cross section of data entry and display assembly glass.

The cause of the crack is unknown. Glass cracks have not occurred
since a revision was made to the procedure used to mount the glass to the
faceplate of the data entry and display assembly. The assembly is qual-
ified for an environment in excess of the flight conditions. Therefore,
either excessive internal stresses (under normal conditions) were built
into the glass, or the mounting was improper (not as designed), or the
glass was inadvertently hit.

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

This anomaly is closed.
14.3 GOVERNMENT FURNISHED EQUIPMENT

14,3.1 Noisy Iunar Topographic Camera Operation

The lunar topographic camera exhibited noisy operation from the time
of the Descartes site photography pass at about 90 hours. In both the
operate and standby modes with power on the camera, the shutter operation
was continuous.

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

Postflight tests with the flight camera showed satisfactory opera-
tion in all simulated environments (pressure, thermal, and vibration) at
one-g. An intermittent failure was found in a transistor in the shutter
control circuit (fig. 14-27). The transistor was contaminated with a
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Figure 14-27.- lunar topographic cemera shutter control.
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loose piece of aluminum 0.130 inch by 0.008 inch, which was foreign to
the transistor material. With a shorted transistor, 28 volts is applied
continuously to the shutter drive circuit, causing continuous shutter
operation, independent of the intervalometer and independent of the
single, auto, or standby mode selections. The sprocket holes in the
1/200 slot in the shutter curtain were torn as a result of the prolonged,
continuous, high-speed shutter operation (fig. 1u4-28).
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The transistor had been passed by normal high reliability screening
and by premission and postmission system acceptance tests operating under
vibration, thermal, pressure, and humidity conditions; none of which de-
tected the piece of aluminum. Additional screening being considered for
future applications includes the use of N-ray and acoustic inspection.

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

The anomaly occurred only after a period of operation at zero-g in
flight, and when the case 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 and down and that he had not had this trouble during the
first extravehicular activity period. The condition was a nuisance
throughout the second extravehicular activity period. Initial indica-
tions from the Lunar Module Pilot were that a cable had broken in the
glove (fig. 14-29).
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Figure 14-29.- Extravehicular glove wrist control.
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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 assembly 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. The design inherently
allows the glove to take various neutral positions.

This anomaly is closed.

14.3.3 Intervalometer Cycling

During intervalometer operation,lthe-Command”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 cameras was a new motor having slightly higher current charac-
teristics. Preflight testing of the equipment indicated compatibility
of the wnits 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 camera motor will be made, if prac-
tical. On Apollo 15, the intervalometer will only provide Hasselblad
backup to the scientific instrument module cameras.

This anomaly is closed.

14.3.4 Intermittent Voice Communications

At approximately 29 hours, Mission Control had difficulty in com-
municating with the Commander. The Commander replaced his constant wear
garment electrical adapter (fig. 14-30) with a spare unit, and satisfac-
tory communications were reestablished.

Following release of the hardware from quarantine, all four con-
stant wear garment electrical adapters were tested for continuity and
resistance, and all units were satisfactory. The adapters were then
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connected to a portable communications set which provided conditions
similar to flight conditions. While connected, the adapters were sub-
Jected to twisting, bending, and pulling. None of the adapters showed
any electrical intermittents. .

The most likely cause of the problem was poor contact between con-
nectors because of small contaminants or improper mating of a connector,
which was corrected when the spare adapter was installed.

This anomaly is closed.
14.4 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE

14.4.1 Active Seismic Experiment Thumper Misfires

During the first extravehicular activity, the crew deployed the
thumper and geophones and attempted to fire the initiators with the
following results: 13 fired, 5 misfired, and 3 initiators were delib-
erately 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 was necessary to squeeze the firing switch knob with both hands. Sub-
sequently, the excessive stiffness seemed to be relieved and one-hand
actuation was possible.

The most likely causes of the problem are associated with the detent
portion of the selector switch (fig. 14-31) and dirt on the firing switch
actuator bearing surface. The selector switch dial can reposition out of
detent in the course of normal handling 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. Examination of the qualification unit has shown that
the detent is positioned at the leading edge of the contact surface so
that any 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, temporarily increasing the
force required to close the switch (fig. 14-31).

Corrective action for Apollo 16 consists of adding a positive de-
tent mechanism, properly aligned with the selector switch contacts, and
dust protection for the firing switch actuator assembly. The thumper
is not carried on Apollo 15.

This anomaly is closed.
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14.4.2 Suprathermal Ion Detector Experiment Noisy Data

During initial turn-on of the Apollo lunar surface experiments,
transmission of the suprathermal ion detector/cold cathode gage experi-
ment operate-select command resulted in erratic data from the supra-
thermal ion detector experiment, the passive seismic experiment, and the
charged particle lunar environment experiment. (Central station engineer-
ing parameters remained normal.) Subsequent commanding of the supra-
thermal ion detector/cold cathode gage experiments to the standby mode
returned the other lunar surface experiment data to normal.

Several switching iterations of the central station and the experi-
ment commands failed to clear the problem until the suprathermal ion
detector experiment was commanded to the x10 accumulation mode. Upon
executiaon of this command, normal experiment data were received and the
data have remained normal since that time. The suprathermal ion detector
experiment dust cover and the cold cathode gage experiment dust seal had
been removed at the time the data became normal.

The most probable cause was arcing or corona within the suprathermal
ion detector equipment prior to dust cover removal. During ground tests
under similar conditions, arcing or corona has resulted in the same type
of data problems. Systems tests have indicated that the noise generated
can also affect the passive seismic experiment and charged particle lunar
environment experiment data; and that arcing or corona within the supra-
thermal ion detector experiment can result in spurious commands within
the suprathermal ion detector experiment, causing removal of the dust
protectors. However, no detrimental effects to the equipment have been
experienced by this event.

Performance acceptance data from the Apollo 15 suprathermal ion
detector/cold cathode gage experiments with the remaining lunar surface
experiments have not indicated any abnormalities. The Apollo 15 unit
will most likely exhibit the same characteristic arcing, with the dust
covers intact and the high voltage 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 last extravehicu-
lar activity.

-

This anomaly is closed.

14.4.3 Lunar Portable Magnetometer Cable Difficulties

The crew reported that it was difficult to rewind the lunar port-
able magnetometer cable. The cable is deployed and rewound at each lo-
cation where the lunar portable magnetometer is used (fig. 1k-32).
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The lunar portable magnetometer ribbon cable snarls easily at 1/6g
and is difficult and tedious to unsnarl. If it is necessary to remove
the hand from the crank to unsnarl the cable during the first part of
rewinding the cable, the cable will unwind within the reel and spin the
reel handle (fig. 14-32). Free unwinding of the reel is required dur-
ing deployment; however, it is desirable to be able to lock the reel
against rotation at times during rewind of the cable. Rewinding was
difficult because there was no provision to lock the reel during rewind,
and gripping the reel and crank was difficult with the gloved hand.

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

This anomaly is closed.

1k .4.4 Central Station Twelve-Hour Timer Failure

The central station timer pulses did not occur after initial activa-
tion. Uplink command tests verified that the timer logic and the pulse
switches were functioning satisfactorily, but that the mechanical section
of the timer was not driving the switches. Timer functions started to
occur and the 12-hour pulses were provided 13 times in succession, indi-
cating that the timer battery and oscillator are satisfactory, but that
the mechanical section is operating intermittently. The failure of the
timer is associated with the mechanical design.

This anomaly is similar to the timer problem experienced on Apollo 12.
The loss or erratic operation of the 12-hour timer output pulse has no
adverse effect on experiments operations. The Apollo 15 central station
has a new solid-state timer. The Apollo 1l central station will be turned
off by ground command, as is planned for the Apollo 12 station.

This anomaly is closed.

14.4.5 Passive Seismic Experiment Y-Axis Leveling Intermittent

The horizontal Y-axis leveling motor of the gimbal leveling system
operates intermittently (fig. 14-33). Although a command verification is
received when commands are sent, power is not necessarily received by the
motor. When there is an indication of power to the motor, the motor does
operate. As a result, during the first lunar day, response to ground
commands was normal except for 6 of the 22 commands when there was no
response.
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Figure 14-33.- Y-axis leveling motor circuitry.

Although 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 mounted the three orthogonal long-period seis-
mometers. Occasionally, either there is no electro-mechanical response,
or the response is delayed when the Y-axis motor is commanded on. De-

lay times vary. Thus far, leveling has been achieved by cycling on/off
commands at varying time intervals.

The problem is caused by an intermittent component in the motor
control circuit (fig. 14-33). There is no correlation between the occur
rence of the problem and the temperature of the lunar surface, the cen-
tral station electronics, or the experiment. Whenever there is an indi-
cation of power to the motor, the motor operates. When the motor oper-
ates, it operates properly and pulls the normal current.

If the problem becomes worse until Y-axis leveling cannot be
achieved, an emergency operational mode can be implemented such as driv-
ing remaining axes to their stops in both directions in an attempt to
free electro-mechanical components which may be sticking. Presently,
however, the problem has not been sufficiently serious to warrant inter-
ruption of continuous scientific data to attempt such operations.

This anomaly 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 axes (X, Y, and Z) were removed by command, and good data (undamped)
now continue to be received. The filter-out mode provides feedback to the
seismometer for all periods of operation with an instrument having a nat-
ural period of approximately 2.5 seconds. Although the response curves
are peaked rather than flat, and critically damped, no seismic energy in
the 0.5- to 15-second-period range is lost.

The filter-in mode provides a 1000-second time constant filter in
the feedback loop for an instrument having a natural period of approxi-
mately 15 seconds with a critically damped, 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 than mechan-
ical as experienced with the bent flexures of the Apollo 12 long-period
vertical seismaometer. Performance data during Apollo 1l acceptance test-
ing have indicated no abnormalities.

Preliminary analysis of science data from Apollo 11, 12, and 1k
indicates that the natural lunar seismic regime favors the range of 0.5-
to 3.0-second periods. As 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 and Apollo 1k
long-period seismometers are being operated in the filter-out mode, pro-
ducing satisfactory data.

This anomaly is closed.

14. 4.7 Active Seismic Geophone 3 Electronic Circuit Erratic

The experiment was turned on in the listening mode on March 26,
1971, and geophone 3 data were spiking off-scale high (fig. 14-34).
When the geophone channels were calibrated, the geophone 3 channel went
off-scale high simultaneously with the start of the calibration pulse
and stayed off-scale high for the remainder of the listening period.
During the l-second period when the celibration pulse was present, data
from geophones 1 and 2 showed the normal T-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 channels. The spikes decreased in duration from
the first to the last, the last having an amplitude 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 channel 3 was operating at
an apparent gain of 30 times the channel 2 gain.

As shown in figure 14-35, each geophone channel consists of a geo-
phone, an input preamplifier, a low-pass filter, and a logarithmic com-
pressor amplifier. The output of the logarithmic compressor feeds the
instrumentation system. The logarithmic compressor is basically an in-
verting amplifier with exponential negative feedback. Two diode-con-
nected transistors between the output and input of the amplifier 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
channels (two per channel) are physically located in an oven which con-
trols their temperature at 105° C.
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Figure 1L4-35.- Typical geophone channel.

It is believed that the failure is in the logarithmic compression
amplifier because signals are coupled into it through an input coupling
capacitor. This capacitor would block any offset voltages from the pre-
ceding 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 amplifier input transistor 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 and 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 amplifier. A
solder crack in either path would then result in the data characteristics.

There are 10 such solder joints for each geophone (fig. 1u4-36):
four on the oven terminal board, four on the mother board, one on the
top board of the log compressor module, and 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. Continuity at the jJoint re-
covers as long as the crack closes during the lunar day.
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Figure 1L-36.- Suspected cracked solder joints in amplifier.

The log compressor modules for geophones 1 and 2 are of the same
type construction. Since these are located slightly further from the
oven than the one for geophone 3, the maximum temperature may not be
quite as high. As a result, it may take longer for them to crack, if
at all.

Systems testing included operational thermal cycling tests over the
temperature range for lunar day and night. However, cracked solder Joints
are a function of time as well as temperature, and apparently the ground
test cycle did not allow enough time for a creep failure. This equipment
was designed and built prior to the time when it was found that cordwood
construction with soldered joints was unsatisfactory.
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A breadboard of the logarithmic compressor has been constructed,
and the diode feedback loop will be opened to duplicate the experiment
data. The mechanical design of the logarithmic compressor will be re-
viewed to determine the changes that must be made to prevent solder

cracks on Apollo 16. The active seismic experiment is not carried on
Apollo 15.

Procedural changes under 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 anomaly is open.

14.4.8 Intermittent Loss of Valid Data from Suprathermal Ion
Detector Experiment Positive Analog-to-Digital Converter

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

The affected measurements have a data characteristic wherein each
parameter processed by the positive log analog-to-digital converter
initially indicates full-scale output, followed by an erroneous data
value. The erroneous data value correlates with the value of the pre-
ceding measurement in the serial data format processed by the negative
analog-to-digital converter. The erroneous data value in some instances
indicates one PCM count less than the negative analog-to-digital con-
verter parameter.

An intermittent failure of the start reset pulse for the positive
log analog-to-digital converter control logic (fig. 14-37) could cause
the problem. Although the failure permits 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, it fails to do so, and the negative word which
is still in the counter is read out as a positive word. The cause appears
to be an intermittent component or wire connection in one of the associated
modules. However, it does not asppear to be a function of the temperature.
The components have been passed by normal high reliability screening, and
systems tests have included operational pressure, temperature, vibration,
humidity, and accelerated lunar environment cycles. No failure of this
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Figure 14-37.- Simplified data logic control.

type has been experienced with ground tests. No additional testing is
considered warranted for Apollo 15, which will be the last mission for
the experiment.

This anomaly is closed.

14.4.9 Charged Particle Lunar Environment Experiment
Analyzer B Data Lost

The voltage measurement reading on the analyzer B power supply

(fig. 14-38) became erratic on April 8, 1971, and the analyzer B science
data were lost.

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

analyzer A power supply were functioning properly, and that the problem
was in the analyzer B power supply.

The high-voltage power supply is a transistor oscillator. The reso-
nant elements are a transformer primary winding and a capacitor connected
in parallel between the transistor emitter and ground. A second trans-
former winding provides pasitive feedback to the transistor base, causing
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the circuit to oscillate. A third transformer winding supplies the in-
put to a diode-capacitor voltage multiplier chain. The output of the
voltage multiplier is then filtered and drives the charged particle ana-
lyzer. The output of the fourth transformer winding is rectified and
filtered. The filtered voltage is then monitored by the instrumentation
system and is proportional to the high voltage supplied to the analyzer.

Data indicated that after the failure occurred, the instrumentation
output was between 2.00 and 2.25 volts dec. This could not occur if the
oscillator 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 and downstream of the volt-
age multiplier, and the short circuit current can be reflected back into
the transformer primary winding to determine how much the output voltage
should be decreased. The decrease occurs because the transformer pri-
mary winding (the driving winding) has resistance (about 300 ohms), and
any voltage dropped across this resistance is not available to drive the
transformer.

These calculations show that the short circuit must be in one of
the output filter capacitcrs in the high-voltage filter, in the inter-
connecting cable between the filter and analyzer, or in the analyzer.
Short circuits in any other locations would result in a much lower in-
strumentation output voltage.

This is the last time the charged particle lunar environment experi-
ment will be flown. If the failure propagates to the point where the
mal functioning power supply stops oscillating, the current taken by this
supply would increase to about 0.1 ampere. If this is sufficient to
damage the series voltage regulator used for low-voltage operation, the
operating procedures will be modified to use low-voltage operation as
little as possible to extend the voltage regulator's life.

This anomaly is closed.
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15.0 CONCLUSIONS

The Apollo 14 mission was the third successful lunar landing and
demonstrated excellent performance of all contributing elements, result-
ing in the collection of a wealth of scientific information. The follow-
ing conclusions are drawn from the information in this report.

1l. Cryogenic oxygen system hardware modifications and changes made
as a result of the Apollo 13 failure satisfied, within safe limits, all
system requirements for future missions, including extravehicular activity.

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

3. Navigation was the most difficult lunar surface task because of
problems in finding and recognizing small features, reduced visibility
in the up-sun and down-sun directions, and the inability to judge dis-
tances. ’

L. 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 lunar lift-off and docking by approximately
2 hours from that required on previous missions. The timeline activi-
ties, however, are greatly compressed.

5. On previous lunar 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. Onboard navigation without air-to-ground communications was suc-
cessfully demonstrated during the transearth phase of the mission to be
sufficiently accurate for use as a contingency mode of operation during
future missions.

T. Launching through cumulus clouds with tops up to 10 000 feet
was demonstrated to be a safe launch restriction for the prevention of
triggered lightning. The cloud conditions at lift-off were at the limit
of this restriction and no triggered lightning was recorded during the
launch phase,
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APPENDIX A - VEHICLE DESCRIPTION

The Apollo 14 space vehicle consisted of a block II configuration
spacecraft and a Saturn V launch vehicle (AS-509). The assemblies com-
prising the spacecraft consisted of a launch escape system, command and
service modules (CSM-110), a spacecraft/launch vehicle adapter, and a
lunar module (IM-8). The changes made to the command and service modules,
the lunar module, the extravehicular mobility unit, the lunar surface
experiment equipment, and the launch vehicle since the Apollo 13 mission
are presented. The changes made to the spacecraft systems are more num-
erous than for previous lunar landing missions primarily because of im-
provements made as a result of the Apollo 13 problems and preparations
for more extensive extravehicular operations.

A.1 COMMAND AND SERVICE MODULE

A.1.1 Structural and Mechanical Systems

The major structural changes were installations in the service mod-
ule to accommodate an additional cryogenic oxygen tank in sector 1 and
an auxiliary battery in sector U. These changes are discussed further
in section A.1l.3.

Structural changes were made in the spacecraft/launch vehicle adapter
as follows. A door was installed at station S47 (305 deg) to provide ac-
cess to quadrant 2 of the lunar module descent stage where Apollo lunar
surface experiment subpackages 1 and 2 were stowed. Also, doublers were
bonded on the adapter at station S47 (215 deg) in case a similar door had
been required for contingency access to the lunar module cryogenic helium
tank during prelaunch operations.

The interior of gussets 3 and 4, which contain the breech-plenum
assemblies of the forward heat shield Jettisoning system, were armored
with a polyimide-impregnated fiberglass to prevent burn-through of the
gussets and possible damage to ad)acent equipment in the event of es-
caping gas from the breech assemblies.
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A.l1.2 Environmental Control System

The postlanding ventilation valves were modified to incorporate dry
(non-lubricated) brake shoes to prevent possible sticking and a second
shear pin was added to insure positive drive between the actuator shaft
and cam.

To provide controlled venting for an oxygen tank flow test, the in-
ternal diameter of the auxiliary dump nozzle (located in the side hatch)
was enlarged.

Sodium nitrate was added to the buffer ampules used in sterilizing
" the potable water. Addition of the sodium nitrate was to reduce system
corrosion and enhance the sterilization qualities of the chlorine.

A vacuum cleaner with detachable bags was added to assist in remov-
ing lunar dust from suits and equipment prior to intravehicular transfer
from the lunar module to the command module after lunar surface opera-
tions, and for cleanup in the command module.

A.1.3 Electrical Power System

The electrical power system was changed significantly after the
Apollo 13 cryogenic oxygen subsystem failure. The major changes are as

follows.

a.

The internal construction of the cryogenic oxygen tanks was mod-

ified as described in the following table.

Previous block II vehicles

Each tank contained two destrat-
ification fans.

Quantity gaging probe was made
of aluminum.

Heater consisted of two paral-
lel-connected elements wound
on a stainless steel tube.

Filter was located in tank
discharge.

Tank contained heater thermal
switches to prevent heater
element from overheating.

Fan motor wiring was Teflon-
insulated.

CSM-110 and subsequent vehicles

Fans were deleted.

Quantity gaging probe material
was changed to stainless steel.

Heater was changed to three par-
allel-connected elements with
separate control of one element.

Filter was relocated to external
line.

Heater thermal switches were re-
moved.

All wiring was magnesium oxide-
insulated and sheathed with
stainless steel.
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b. A third cryogenic oxygen storage tank was installed in sector 1
of the service module. This tank supplied oxygen to the fuel cells and
could be used simultaneously with the two tanks in sector 4. A new iso-
lation valve was installed between tanks 2 and 3 to prevent the loss of
oxygen from tank 3 in the event of damage to the plumbing for tanks 1 and
2. The closed isolation valve also would have prevented the flow of oxy-
gen from tank 3 to the fuel cells. However, tank 3 could have supplied
the environmental control system with the isolation valve closed while
the auxiliary battery, mentioned in paragraph e, was the source of elec-
trical power.

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

d. The fuel cell shutoff valve used previously was an integral
forging containing two check valves and three reactant shutoff valves.
In the valve used for CSM-110, the two check valves remained in the in-
tegral forging; however, the reactant shutoff valves were removed and
replaced by three valves relocated in line with the integral forging.
These valves were the same type as those used in the service module re-
action control helium system. The valve seals were changed to a type
that provides a better seal under extreme cold. Figure A-1 illustrates
the majJor changes to the system except for the internal tank changes.

e. An auxiliary battery, having a capacity of 4OO-ampere hours, was
installed on the aft bulkhead in sector U4 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 module and connect
the auxiliary battery in its place. The second box contained an over-
load sensor for wire protection.

A.1.4 Instrumentation

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

Other instrumentation changes were as follows. The cabin pressure
transducer was replaced with one which had been reworked, cleaned, and
inspected for contaminants. In the past, loose nickel-plating particles
had interfered with inflight measurements. Additional instrumentation
was incorporated to monitor the auxiliary battery, the oxygen tank heater
element temperatures, the oxygen tank 2 and 3 manifold pressure, and the
tank 3 pressure.

3 O O T UL S O
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A.1.5 Pyrotechnics

Fabrication and quality control procedures of two pyrotechnic devices
used in the command and service module tension tie cutter and the command
module forward heat shield Jettisoning system were improved. Although no
known inflight problem with the tension tie cutter has existed, a Skylab
qualification test (performed under more severe vacuum and thermal condi-
tions than for Apollo) revealed that it varied in performance. In the
forward 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 assembly. On Apollo 13, the propellant gas had leak-
ed from the gusset U breech assembly, a hole was burned through the alu-
minum gusset cover plate, and the pilot parachute mortar cover was damaged.
Structural modifications to gussets 3 and 4 are described in section A.1l.1l.

The docking ring separation system was modified 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 tank. The system included five collapsible 1l-gallon containers,
fill hose, and 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 management 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 camera bracket was added to provide the capa-

bility to photograph through the hatch window with the TOmm Hasselblad
camera.

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 and Controls

The following changes were made which affected crew station displays
and controls. The alarm limit for cryogenic hydrogen and oxygen pressure
was lowered from 220 psia to approximately 200 psia to eliminate nuisance
alarms. The flag indicators on panel 3 for the hydrogen and oxygen re-
actant valves were changed to indicate closing of either shutoff valve
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instead of closure of both valves, and valve closure was added to the
caution and warning matrix. Oxygen tank 2 and 3 manifold pressure was
added to the caution and warning system. Circuitry and controls necessary
to control and monitor oxygen tank 3 were added (heaters, pressure, and
quantity). Switches were added to panel 278 to connect the auxiliary
battery and activate the new isolation valve between oxygen tanks 2 and

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

the cryogenic fan motors were deleted. The controls for the oxygen tank
heaters were changed to permit the use of one, two, or three heater ele-
ments at a time depending upon the need for oxygen flow.

A.2 LUNAR MODULE

A.2.1 Structures and Mechanical Systems

Support structure was added to the descent stage for attachment of
the laser ranging retro-reflector to the exterior of quadrant 1 and at-
tachment of the lunar portable magnetometer to the exterior of quadrant 2
(see section A.4 for description of experiment equipment). A modular
equipment transporter was attached to the modular equipment stowage as-
sembly in quadrant 4. This system (fig. A-2) was provided to transport
equipment and lunar samples, and to serve as a mobile workbench during
extravehicular activities. The transporter was constructed of tubular
aluminum, weighed 25 pounds, and was designed to carry a load of about
140 pounds, including about 30 pounds of lunar samples.

A.2.2 Electrical Power

Because of an anomaly which occurred on Apollo 13 in which the de-
scent batteries experienced current transients and the crew noted a
thumping noise and snowflakes venting from quadrant 4 of the lunar mod-
ule, both the ascent and descent batteries were modified as follows:

a. The total battery container was potted and the potting on top
of the battery cells was improved.

b. Manifolding from cell to cell and to the battery case vent was
incorporated.

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

In addition, the ascent batteries were modified in the following
manner:
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a. The negative terminal was relocated to the opposite end of the
battery.
b. The case vent valve was relocated to the same face as the posi-

tive terminal to allow purging the full length of the battery case.

c. The pigtail, purge port, and the manifold vent valve were re-
located to the same face as the negative terminal.

A circuit breaker was added to the lunar module to bypass the com-
mand module/lunar module bus connect relay contacts for transferring
power between vehicles after lunar ascent and docking. The command mod-
ule/lunar module bus connect relay control circuit is interrupted at
lunar module staging.
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A.2.3 Instrumentation

Instrumentation changes in the ascent propulsion system included the
installation of a pressure transducer in each of the two helium tanks in
place of two tank temperature limit sensors which had been used for meas-
uring structural temperature. The added pressure transducers, in con-
Junction with the primary pressure transducers already present, provided
redundancy in monitoring for leaks. Two temperature measurements were
added to the ascent water tank lines to monitor structural temperatures
in place of the measurements deleted from the ascent propulsion system
helium tanks.

A descent propulsion system fuel ball valve temperature measurement
was added for postflight analysis purposes because of concern that damage
could result from heat soak-back into propellant lines after powered de-
scent.

A.2.4 Displays and Controls

In the ascent propulsion system, the inputs from the feedline inter-
face pressure sensors to the caution and warning system were disabled.
Because of the low pressure at these sensors prior to system pressuriza-
tion, their inputs to the caution and warning system would have masked
the low-pressure warning signal from the helium tanks at critical points
in the mission.

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

The four reaction control system cluster temperature measurement
inputs to the caution and warning system were inhibited to prevent nuis-
ance alarms since it was determined that these measurements were no longer
needed.

An incorrect indication of the ascent stage gaseous oxygen tank 1
pressure input to the caution and warning system was experienced during
preflight checkout. Therefore, the input to the caution and warning
system was disabled to prevent meaningless alarms.

A.2.5 Descent Propulsion

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

The propellant quantity gaging system sensors were modified to in-
clude a metal split ring between the electronics package cover and the
sensor flanges. This increased the clearance between the electronics
package and cover to preclude the possibility of crushed wires due to
improper clearance.

A.2.6 Ascent Propulsion

To improve the seal for the four-bolt flanged joint between the fill-
and-drain lines and the main feed lines in the ascent propulsion system,
O-rings were used. in place of inj)ected sealants. Teflon O-rings were used
in the oxidizer lines, and butyl rubber O-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
pump assembly to reduce the pump noise transmitted to the cabin through
the water-glycol lines. The regulator band 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 and, 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 hand side of the lunar module cabin was replaced with a metal
modularized container which was packed before being placed into the lunar
module. :

Return stowage capability was provided for two additional lunar rock
sample bags .
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A.3 EXTRAVEHICULAR 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 and cable restraint system was reconfigured to
provide for heavier loads.

The portable life support system was modified as follows. A carbon
dioxide sensor was added and associated changes were made to provide
telemetry of carbon dioxide partial pressure in the pressure garment as-
sembly. In addition, an orifice was added to the feedwater transducer
to prevent freezing of water trapped within the transducer housing, which
would otherwise result in incorrect readings. The oxygen purge system
was modified by 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 means of sharing cooling water from one portable life
support system by both crewmen in the event that one cooling system
became inoperative. The unit consists of a water umbilical, restraint
hooks and tether line, and a water-flow divider assembly.

A.l4 EXPERIMENT EQUIPMENT

Table A-I lists the experiment equipment carried on Apollo 1k,
identifies the stowage locations of the equipment in the lunar 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 experiments package are shown in figures A-3 and A-k.

A.4.1 Active Seismic Experiment

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

The experiment equipment consists of three identical geophones, a
thumper, a mortar package, a central electronics assembly, and inter-
connecting cabling. The geophones are electromagnetic devices which
were deployed on the lunar surface to translate surface movement into
electrical signals. The thumper is a device that was operated by one of
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TABLE A-I.- APOLLO 14 EXPERIMENT EQUIPMENT

Mission
Experiment Previous missions
Experiment equipment nuaber Stovage location in Apollo lk lunar module on wbich carried ,::::::“
Apollo lunar surface experiment puckage:
(1) Puel capsule for radioisotupe thermuelectric Stoved in cesk sssemdbly mounted on exterior of Apollo 12 & 13 Apollo 12
generator quadrant 2
(2) Subpsckege 1: .
(a) Passive seismic experhem.. 8-031 Scientific equipment bay - quadrant 2 Apollo 12 & 13 Apollo 12
(b) Active seismic experiment 8-033 Scientific equipment bay - quadrant 2
(c) Charged particle lunar environment S-038 Scientific equipment bey - quadrant 2 Apollo 13 Apollo 13
experiment .
(d) Central station for cammand control: Scientific equipment bay - quedrant 2 Apollo 12 & 13 Apollo 12
Lunar dust detector H-515
{3) Subpackege 2:
(a) Supretbermal ion detector experiment® 8-03 Scientific equipment bay - quadrant 2 Apollo 12 Apollo 12
(b) Cold cathode ion gauge 8-058 Scientific equipment bey - quadrant 2 Apallo 12 & 13 Apollo 12
Laser renging retro-reflector experiment 8-078 Mounted on exterior of quadrant 1 Apollo 11 Apollo 11
Lunar portadle sagnetoseter experiment 8-198 Mounted on exterior of quadrant 2 . )
Solar vind composition experiment 8-080 Modular equipment stovage uu-_bl;y - quadrant 1} Apollo 11 & 12 Apollo 11
lunar field geology: 8-059 Apollo 1k:
(1) Tools and containers Modular equipment stovage ssaembly - quadrant & Apollo 11, 12 & 13 Fig. A-2
(2) Cameres Modular equipment stovage assembly and cabin Apollo 11, 12 8 13 | . Fig. A-2
(3) Tool carrier Apollo lunar surface experiment subpackase 2 - Apollo 12 & 13 Fig. A-b
quadrant 2 .
(&) Modular equipment '.r-n-porterc Modular equipmsent stovage assembly - quadrant U Fig. A~
Lunar soil mechanics: S§-200 Apollc 1
(1) Tools and containers Modular equipment stovage assembly - quadrant 4 Apollo 11, 12 & 13 Fig. A-2
(2) Comeras Modular equipment stovage assexbly and cadin Apollo 11, 12 413 Fig. A-2
(3) Wodular equipment transporter® Modular equipment st-.vage assembly - quadrant b rig. A-2

“Modified from Apolls 12 configuration.

bst-un.r to experiment 5-C3L on Apollo 12, but 4 fferent equipment used.

®See section A.2.1 for description.
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Figure A-3.- Experiment subpackage no. 1.
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Figure A-L4.- Experiment subpackage no. 2.
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the crewmen to provide seismic signals. The signals were generated by
holding the thumper against the lunar surface at various locations along
the line of the geophones and firing explosive initiators located in the
base of the thumper. The mortar package consists of a mortar box assem-
bly and a grenade launch tube assembly. The mortar box electronics pro-
vide for the arming and firing of rocket motors which will launch four
high-explosive grenades from the launch tube assembly upon remote command.
The monitor package is designed to launch the grenades to distances of
5000, 3000, 1000, and 500 feet. Signals sensed by the geophones are trans-
mitted to earth-based recorders. '

A.L.2 Lunar 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 and dimensions
of  the source, and, in turn, to study both local and whole-moon geolog-
ical structure.

The experiment equipment consists of a sensor head containing three
orthogonal single-axis fluxgate sensor assemblies, an electronics and
data display package, and a tripod. The electronics package is powered
by mercury cells. The package has an on-off switch and a switch to select
high and low meter ranges (+100 gammas and *50 gammas). The data display
consists of three meters, one for each axis.

A.5 MASS PROPERTIES

Spacecraft mass properties for the Apollo 14 mission are summarized
in table A-II. These data represent the conditions as determined from
postflight analyses of expendable loadings and usage during the flight.
Variations in command and service module and lunar module mass properties
are determined for each significant mission phase from 1lift-off through
landing. Expendables usage are based on reported real-time and post-
flight data as presented in other sections of this report. The weights
and center-of-gravity of the individual modules (command, service, ascent
stage, and descent stage) were measured prior to flight and inertia values
calculated.” All changes incorporated after the actual weighing were mon-
itored, and the mass properties were updated.
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TABLE A-II.- MASS PROPERTIES

Pro@uct of ipertis
Event Veight, Center of gravity, in. Mament of ipertis, slug-ft? slug-rt? ’
. 1
x | ¥ I z Ix I v I Top Ty I In l Iyg
Command and service sodule/lunar wodule
Lift-off 1 120.3 8vT.5 | 2.2 | 3.7 |6830k | 1183929 | 1186165 | bos8 | 9 610 | 3622
Barth orbit inserticn 102 083.6 807.6 | 2.8 | k0o | 6T WS Tk 926 727 209 | 5759 | 11 665 | 3610
Transposition and docking
Commgnd & service modules | 64 388.0 93k.k | k.0 | 6.8 | 3% 252 © 77 036 19 537 | -1787 =370 | 30M7
Lunar eofuls 33649.2| 1236.7| -2 | -.3 [22533 2k 350 28909 | 63| a3
Total Gocked 98 037.2| 1038.2 | 2.6 | .1 | ST OTT 537 537 5ho0 506 | -821% | -9915 | 312
“pirst midcourse correction | 97 901.5| 10383 | 2.6 | .1 [s6969 | s3ra97| swo1m | -ge32 | 9900 | 3M0
“Becana e fon | 97108.1| 12038.9 | 2.6 | N0 |S56547 | 535 756 | 539 02k | -8223 | -96hT | 3365
“Lunar orbit insertion 91033.1| 12030 | 2.6 | b0 |69 | 535582 | 538672 | -3 | 983 | 336h
“Descent orbit insertion 7 768.8| 108.9 | 1.3 | 2.7 |43 395| K108035 a7 388 | -5576 | 5923 | 97
Beparstion . 70 162.3| 1086.8 | 1.3 | 2.7 | A3 8T2 02 6% h08 496 | -A6BK | 6219 | 290
®Command and service module | 35 996.3| 9850 | 2.2 | 5.8 |19 725 ST 161 62 k90 | 198 ShT 8
circularisation . .
SCammand and service module | 35 610.4 9ks.2 | 2.2 | 5.8 |19 9k 57 032 62 2u | -1963 520 91
plene chenge
Docking . :
Command & service modules | 3 125.5 9u6.5 | 1.9 | 6.0 | 18662 56 59k 61 218 | -1872 a2 69
Asceat stage sT81.3| 1165.2| k.6 |-2.3 3 37 2 297 27123 -11 -3 | -932
Total after docking .
Ascent stage manned 39 906.8 918.2 | 2.3 | 4.8 | 22 090 109 973 1k 958 | -13%1 | -1MAk | =307
Ascent stage unmanned 39 903.9 976.3 1.9 L9 21 910 105 a1 10 695 | -2009 -1038 | -2%6
After nscent stege jettison 3 596.3 9hT.5 2.0 S.T 18 Thk ST 030 61 660 | -1T72 309 58
“trensearth injection b S5h.b 9r.3| 2.0 | 5.7 [187% 56 553 6118 | 1766 EL) [}
“rmird midoourse correction | 2 631.9| 975.3 | -1.6 | 7.8 |13 592 M 585 a 92 12 -2 | -ks8
Cmmand and service module 24 375 .0 9715.7| -1.6 | 7.5 |13386 k1 34k M 190 138 -1 | -39
prior to separstiom
Aftsr separstion )
Bervice module 11 659.9 906.8 | =31 | 9.4 7 459 12 908 13280 | -m8 533 | -3%9
Comsand module 12 T15.1| 1039.2| -.2| 5.7 S 897 s 281 b 763 1YY =313 | -25
atry 12 703.5| 103.2| -.2| 5.6 s 890 s 2Tk & 162 1 <311 | 2%
Main parschute deplayment 12 13.8| 1037.6 -1 5.8 S 686 s B7h & b03 (1] -320 -2
Landing u 1.2 2039 -2 &8 5 501 b ST & 083 35 -297 -8
Lmer soduls
Lmar module et earth lamch | 33 651.9 1869 [ -.3 .0 | 22538 2k 925 25 03k m Mk | 3
Separsticn 34 125.9 186.0 -.3 .6 23 9% 26 112 26 0713 178 122 378
®Povered descent initistion 34 067.8 185.9 -3 5 23 90k 26 018 25 965 178 9 m
Lmar landteg 163.1| 2136 -6 12 [1271% 13 629 6099 | 2m 652 | w8
Lmar Uft-off 10 779.8 2h3.9 2| 2.8 6 156 3 ho8 5 95k 68 188 6
Orbit insertico s911.8| 2510| .3| 5.0 [ 3mr 2 908 21| @ 10 s
Termioal phese initiation S 880.1 256.8 R 5.1 3 Wo 2 099 2123 61 105 6
Docking 5 1761.3 2%6.7 N 5.2 3 W7 2 6718 2 055 61 105 8
Jettiscn 5 307.6 258.2 2 1.7 3126 2™ 2 0%6 [ 129 3
LY
At ignition
: P J - A — o oy — — [ La A ia
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APPENDIX B - SPACECRAFT HISTORIES

The history of command and service module (CSM 110) operations at
the manufacturer's facility, Downey, California, is shown in figure B-1,
and the operations at Kennedy Space Center, Florida, in figure B-2.

The history of the lunar module (LM-8) at the manufacturer's facil-

ity , Bethpage, New York, is shown in figure B-3, and the operations at
Kennedy Space Center, Florida, in figure B-L.

NASA-S-71-1711

1969

February March April May June July August September | October | November

—lndividual systems checkout

- Integrated systems test

- Data review

- - - - Modifications and retest
- -Apollo 10 and 11 mission support

l Demate

:‘inal installations and checkout - - - . I .

Weight and balance |
Command module

Preshipment inspection l

Preparation for shipment and ship -

Final installations and checkout _

- Service module : Preshipment inspectionl

Preparation for shipment and ship-

Figure B-l.- Checkout flow for Command and service modules at
contractor's facility.
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NASA-S-71-1712

1970 19711

April r May l June ] July ]August ]SeptemberJA October LNovemberl December | January

R 2ter/glycol spill cleanup and equipment replacement (see note 2)
§ I E avipment installation and retest
B Attitude chamber tests
Cryogenic and return enhancement modifications and retest—
Spacecraft/launch vehicle assembly[j
Move space vehicle to launch complex J
Sector 4 cryogenic shelf installation [
Space vehicle systems and flight readiness tests [

Notes:

1. Command and service modules  Spacecraft propulsion leak checks and propellant loadin
delivered to Kennedy Space prop gl -

Center on November 19, 1969
2. Spill resulted from hole accidentally

Countdown demonstration test [l

punched in coldplate during install- Countdown
ation of new inertial measurement
unit on April 14, 1970 Launch

Figure B-2.- Command and service module checkout history at
: Kennedy Space Center.
NASA-S-71-1713

1969
hnmryTFebruaryl March [ April I May [ June [ July l AuguleSeptemberJ October [November

G - nufacturing, cold flow I, and preparations for subsystems testing
I Mated subsystems testing

@ M utacturing, cold flow T1, and electrical preparations for
final engineering and evaluation acceptance test

[ Mated crew compartment fit and function checks
Final engineering and evaluation acceptance test ([ NEGEGGD
Cold flow ITI and moditications [N
mated retest [N

Preparation for shipment and ship [

Figure B-3.- Checkout flow for lunar module
at contractor's facility.
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1970

1971

June July August September October

November

December

January

-Allitude chamber runs (Prime and backup crews)

_Equiment installation and checkout

-Allitude chamber run (Prime crew)

- Modifications and retest

.Landmg gear installation

Install in spacecraft/ launch vehicle adapter.

System verifications and flight readiness tests-

Spacecraft propulsion leak checks and propellant loading. -

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

Countdown demonstration test.

Countdown

Launch

| VI VO &

Figure B-4.- Lunar module checkout history at

Kennedy Space Center.
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APPENDIX C - POSTFLIGHT TESTING

The command module arrived at the Lunar Receiving Laboratory, Houston,
Texas, on February 22, 1971, after reaction control system deactivation
and pyrotechnic safing in Hawaii. At the end of the quarantine period,
the crew equipment was removed and the command module was shipped to the
contractor's facility in Downey, California, on April 8. Postflight test-
ing and inspection of the command module for evaluation of the inflight
performance and investigation of the flight irregularities were conducted
at the contractor's and vendor's facilities and at the Manned Spacecraft
Center in accordance with approved Apollo Spacecraft Hardware Utilization
Requests (ASHUR's). The tests performed as a result of inflight problems
are described in table C-I and discussed in the appropriate systems per-
formance sections of this report. Tests being conducted for other pur-

poses in accordance with other ASHUR's and the basic contract are not
included. '
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TABLE C-I.- POSTFLIGHT TESTING SUMMARY

ASHUR no. Purpose Tests performed Results
Environmental Control
110016 To investigate the high oxygen flov rate Perform predelivery acceptance test on the The leakage vas slightly higher than
noted on several occasions. urine receptacle assembly vent valve. alloved, dbut not significant enough
to csuse a problem vith the valve in
the closed position. An open vent
valve produces the observed high flow.
110029 To determine the cause of difficulty inm Perform inspection and fit and functional Insertion of one buffer mmpule re-
inserting vater buffer ampules into the tests. quired excessive torque and a leak
injector. : developed at a fold in the dag vall.
Test not complete.
110030 To determine the cause of slight leak- Perform leak test and failure analysis. The leakage rate vas vithin specifi-
age of the oxygen repressurization cation.
package.
1100L0 To investigate the leak at the food Perform functional and leakage tests. The hot vater port leaked initially
preparation vater port. in the test, then, no further leak-
sge occurred. Test not complete.
1100k6 To investigate espparent freezing of the Perform continuity and resistance tests The electric circuitry resistance
urine dump nozzle. of the urine nozzle heater circuitry. readings vere normal.
Structures
110005 To deteramine the cause cf the capture Perform inspection, functional tests, and Test not complete.
latch engagement probler. Juring trans- teardovn of the docking probe.
position docking.
Guidance and Navigation
110026 To investigate the apparent failure of Perform functional tests and failure The entry monitor system functioned
the entry monitcr system ,05¢ sensing analysis. normally. .
function during entry.
Electrical Pover
110033 To determine the cause of pover resain- Perform continuity and electrical tests Motor svitch S1 failed. The main
ing on the main buses after the main to isolate cause. bus B-battery C circuft breaker vas
bus switches vere positioned off during intermittent in the closed position.
entry. Foreign particles vere found on the
motor svitch commitator. A hard
deposit vas found on a contact of
the circuit breaker. Test not com-
plete.
110045 To determine the cause of poor VHF voice Perform system test in cammand module and Readings obtained in spacecraft test

communications betveen the lunar sodule
snd the command module.

perfora bench tests on VHF hardvare.

vere normal. Test not complete.

2-0
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TABLE C-I.- POSTFLIGHT TESTING SUMMARY - Concluded

ASEUR po. Purpose Tests performed . Results
Crev Equipment.

110006 To determine the cause of the lunar topo- Duplicate camera failure and perfors failure | A failed transistor vas found in the

110503 graphic cemera failure. snalysis. Perform functional test of the shutter control circuitry. An alu-

: electrical pover cable. minum sliver vas found in the trans-
istor.

110009 To investigate the cause of the lLunar Perform response tests on the dosimeter at The dosi-et.er vas inoperative at the
Module Pilot's persanal rediation dosi- different dose rates. lovest dose rate due to loss of sensi-
amter not updating. tivity. The dosimeter readings vere

vithin tolerance at other dose rates.

110010 To investigate operatiamal difficulties Inspect gloves for possible wrist cable Bo vrist cable dsmage vas found. The

110051 experienced vith the lunar Module Pilot's dsmage. Perform pressure garment assembly problem vas duplicated in a test vith
right extrsvebicular glove. evaluation of suited pressure vith Linar the Lunar Module Pilot suited. Test

Module Pilot. not complete.

110017 To investigate the apparent high lesk Perform pressure garment assembly leak rate The leek rate vas nominal.
rate of the Lunar /odule Pilot's pressure test.
garment assesbly.

110019 To investigate looceening of the TO-mm Examine fit of the handle to the camera amnd Test not complete.
camere bhandle on the lumar surface. brecket.

110020 To investigate occasional double cycling Perform functional tests and teardown The intervalometer functioned properly,
of the T0-mm camera intervelcmeter. snalysis. but vas incompatible vith camera motor

characteristics.

110027 To investigate intermittent voice com- Perform functional tests and fai lure anal- The electrical harnesses performed

msunications from tbe Cosmander.

ysis of constant vear garment electrical
harnesses.

normal ly.
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APPENDIX D - DATA AVAILABILITY

Tables D-I and D-II are summeries of the data made available for
systems performance analyses and anomaly investigations. Table D-I lists
the data from the command and service modules, and table D-II, the lunar
module. For additional information regarding data availability, the
status listing of all mission data in the Central Metric Dats File,
building 12, MSC, should be consulted.

- v - 3 - . . . . - -



TABLE D-I.- COMMAND AND SERVICE MODULE DATA AVAILABILITY

Tine, hrinta Range B;lll:g:" Bilevels | Computer 0::.:;:.‘0- Brush s:::::l Special
Pron To station or tabs wvords records - records or tabs | Prosrems
-0k:00 00:30 ALDS X
00:00 00:10 MILA X X X X -X X
00:02 00:14 BDA X X X X
00:48 03:15 13, ] X X X
01:28 01:kk GDS X X
02:25 02:34 GDS X X X X X
02:49 | 03:49 X b ¢ b ¢ b ¢ X
03:05 12:00 MSm . X
03:14 06:21 MBm X X X
03:47 ob:47 GD8 X X X X X X
0oh:4S 05:45 GDS X X X X : X
05:43 06:45 GDS X X X
c6:40 07:k1 GDS X X X
07:18 10:36 s X X X
07:40 08:39 GDS X X X
08:37 10:35 GDS X X
10:36 1k:35 M8 X X X
10:50 13:46 HSK X X
14:51 17:53 sm X ) O X
15:10 15:14 MAD X X
16:07 16:20 MAD X
17:07 19:09 MAD X
18:07 22:49 MSFN X X X
19:08 23:09 MAD X
20:07 21:09 MAD X
22:49 26:56 MSPN X X X
23:08 2k:09 MAD X
23:50 2L:50 GDS X
27:04 30:59 MSMN X X X
29:37 30:37 GDS X X
30:00 31:00 Msm X X
30:00 30:37 GDS X X
30:30 31:00 GDS X X X X X X
31:01 3L :51 MSFN X X X
34:00 35:28 GDS X
3L:54 38:57 MSFN b4 X X
39:00 L2:53 [ <1, ] X X X
L2:53 47:00 Sm X X X
N6:LB | 4B:26 GDS X
W9:21 51:19 GDS X
50:40 5k : 50 wsm X X X
55:01 58:46 MSFN X X X
58:48 62:54 s X X X
59:00 61:00 GDS X
59:00 61:00 MSFN X X
60:57 61:19 GDS X X X b ¢ X
63:00 67:20 MBm X X X
64:00 66:00 MSPN X
65:49 66:49 MAD X
67:28 69:18 s X X X
67:49 69:49 MAD b
69:45 70:54 s X X X
69:49 T1:49 MAD X
70:55 75:0h sm X X b ¢
T1:49 T2:49 MAD . X
75:10 78:42 Bsm X X X
76:25 77:25 GDs X X
76:40 77:00 GDS X X X X
76:57 17:02 [0 ] X X X X X
78:20 78:42 GDS X
79:40 82:51 s X X X
a:15 82: X X X
681 : kb 82:04 H8K X X X X X X
82:02 82:20 HSK X X X
‘ f 1_ - L) A 3 ‘. v .- A M
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TABLE D-I.- COMMAND AND SERVICE MODULE DATA AVAILABILITY - Continued

Time, br:ain Range B:;x:" Bilevels Cosputer 0:;:;1'0- Brush Sg;:t:.l Special
From To station or tabs vords records records or tabs | Programs
82:14 82:hk GD8 X X
82:39 83:43 GDs X X
83:02 | 67:17 m X X X
84:23 85:12 GDS X
85:10 86:09 HSK -X X X
86:10 90:50 s X X X
86:10 86:53 HSK X X X X
88:25 89:35 s X X X
88:26 | 89:34 MAD b4 x X ‘ X
89:42 | 90:23 MAD x x
90:00 { 101:00 MSPN X X X
90:20 91:28 MAD X
91:00 9k:59 MBTN X X X
94:10 95:18 MAD X .
94:59 98:40 MSPN X X X
96:01 97:11 GDS X
97:55 | 98:20 GDS X X
98:04 98: GDS X X
.98:19 99:05 GDS X
98:40 | 102: MSFN ) O X i ¢
98:52 98:55 GDS X X
99:49 100:59 GDS X
99:52 | 100:0k GDS . X
102:00 | 102:5k GDS X X X
102:42 | 108:36 MSFN X X X )
103:38 | 104:25 GDS X X X X X
104:23 | 104:47 GDS X
.10k : &7 105:30 GDs X X X X X
105:31 | 106:47 GDS X
106:44 | 108:k2 MSPN X X X
107:25 108:43 GDS X
108:42 110:k2 MSPN X X X
108:42 | 109:30 HSK X
110: 41 11k:36 MSFN X X X
111:20 | 112:08 MAD X
11b:54 | 118:37 |  MSFN X X X
n6:32 | 118:32 MAD X X X b ¢ X X
118:31 122:31 MSFN X X X
119:02 | 120:32 MAD X _
120:02 | 120:32 MAD X X
120:55 | 122:53 GDS X
122:31 126:28 MSFN X X X
123:15 | 12k:49 GDs X
125:15 | 126:30 GDS X
126:28 129:38 MSFN X X X
127:15 | 128:25 GDS X
129:10 129:40 GDS X
129:26 130:40 s X X X
129:42 130:10 GDS X
131:00 132:00 MSPN X X X
131:00 | 131:35 GDS X
131:12 135:58 MSPN X X X
131:33 ] 132:34 GDS X X X X
133:29 134:24 GDS X X X
13k:22 | 135:10 HSK X
135:08 | 135:12 HSK X
135:09 | 136:20 HSK X
136:19 | 138:46 MSPN X X X
136:20 | 1368:14 HSK X X
139:05 13:49 MSFN X X X
139:05 | 139:45 MAD X X
1k1:40 | 142:18 MAD X X
142:10 | 1k3:00 MAD X X X X
162:14 146:05 MSPN X X X
L3 .- % - 1 T M v ' A e N v K
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TABLE D-I.- COMMAND AND SERVICE MODULE DATA AVAILABILITY - Concluded

Time, hr:min Range Bl;:dpass Bi1 1 Computer Oscn:‘o- Brush Sp;cia.l Special

F station plots evels vords grap records plots prograns
rom To or tabs records or tabs

143:31 1Lk :10 MAD X X X X X

1Lk:12 | 145:08 GDS X X X X

145:13 | 146:1L MAD X X X

146:05 { 150:5L MSFN X X X

1L6:56 1LT:55 GDS X X

1L8:10 148:50 GDS X X X X X

151:14 | 15L4:52 MSPN X X X

15L:56 | 158:57 MM b4 b4 b4

159:08 | 162:56 MSFN X X X

162:40 | 16L:00 MSPN X
162:58 | 166:07 MEPN X X X .

165:17 166:18 MAD X X X X X X X
166:00 | 176:00 MSPN X X ) &
166:18 .| 167:18 MAD X X

166:47 |. 170:53 MSPN X X ’ X

167:00 | 168:18 MAD X B

167:23 | 168:03 MAD X

168:18 | 169:19 MAD X X

169:00 | 169:20 MAD X X

169:17 | 170:08 MAD X X X X

170:57 174 :40 MSFN X X X

171:05 | 17h:0L GDS X X

17k:01 | 175:59 GDS X

175:09 178:56 MEFN X X X

175:58 | 178:52 GDS X

179:05 | 182:52 MSPN X X X

179:50 18L : 00 HSK X

183:05 } 186:52 1), ] X X X

187:02 | 188:62 uBm X

187:25 | 190:54 [ 2}, ] X X X

190:54 | 19k:49 Em X X X

194:49 198:46 N X X X

199:06 | 203:02 B b4 X X

203:11 | 206:50 wsn X X X

207:06 | 210:52 wsm X X X

210:48 | 211:48 BBK X X

211:11 | 2ak:49 Bsm X X X

21k:17 | 215:06 CRO b4 X

215:04 | 215:46 CRO X X X

215:08 | 215:43 sn X X X

215:08 | 215:44 ARIA X

215:31 | 215:51 H8K X

215:37 | 216:07 DBE X X X X X X X




TABLE D-II.- LUNAR MODULE DATA AVAILABILITY

D=5

Tove hriate | mange | PO | e, | Computer | OpeiRe | arun | O | gpecia
From To station or tabs vords records records or tabs programs
-04:00 | -02:00 ALDS X

61:50 62:15 HSK X X

61:52 62:15 B b ¢ X

TT:34 78:10 ans b ¢ X

101:45 | 102:50 cp8 X X X X x X x
101:46 | 102:42 5, ] b ¢ X

102:42 | 106:44 s b ¢ X b

103:38 | 104:25 . Gp8 X X b ¢ b ¢ b ¢ X X
10L:1k | 108:51 sm b ¢ b b ¢

104:23 | 10L:47 ans b b 4 X X X
105:31°| 106:07 an8 X x X X
106:05 | 106:47 a8 b ¢ X X X X X
106:44 | 108:42 sm x X b ¢

10T:25 | 107:4S X X X X X b ¢
107:42 | 108:43 as X X X X X X b ¢
108:42 | 110:15 ), ] X X

108:43 | 109:00 an8 X

109:40 | 110:36 HBK X X X X

110:3k | 111:34 HSK X

112:20 | 11k:32 B X b

112:25 | 113:10 HSK b

113:02 | 115:03 MAD X

11k:32 | 119:03 s b ¢ X

115:02 | 119:20 MAD X

119:21 | 122:45 sm X X

120:15 | 122:53 an8 b

122:31 | 126:28 s X X

122:51 | 126:4S aps b

126:28 | 129:38 sm X X X

126:43 | 129:40 ans X

128:39 | 129:40 [+ ] X X X X

129:2k | 129:36 an8 X

129:37 | 130:38 GD8 X X

130:35 | 131:35 GD8 X X X

13:12 | 135:58 s X X X

132:31 | 133:34 Gb8 X X X

133:29 | 135:17 ons X

135:11 | 137:10 BSK X b ¢ X

136:19 | 138:46 s X X X

137:08 | 138:07 BBX X X X

137:49 | 138:50 MAD X X

138:50 | 1%9:%0 MAD X X

139:05 | 1k3:k9 s b 4 b ¢ b ¢

139:39 | 1k1:50 MAD X

140:39 | 140:50 MAD X

140:49 | 1k1:%0 MAD X X X b 4
161:10 | 1k1:h8 MAD X X X

1h1:45 | 241:50 MAD b ¢ b ¢ X

1k1:69 | 282:18 MAD b ¢ X X X X X X
142:14 | 186:05 s b ¢ X X

162:59 | 143:32 MAD b ¢ x X X X X X
-183:21 | 164:26 MAD b ¢ b ¢ X X X X x
163:00 | 184:01 MAD X X

1hk:58 | 145:15 MAD X X X

145:05 | 145:15 MAD X

145:12 | 146:14 MAD b 4 x X b X X

146:06 | 147:50 =re X x X

186:55 | 147:30 ame b 4 X X X b 4 X b ¢
167:22 | 1M7:02 a8 x X b4 X X X

hd A L 34 1 ks Y Ty T - : . -
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APPENDIX E -~ MISSION REPORT SUPPLEMENTS

Table E~I contains a listing of all reports that supplement the
Apollo T through Apollo 14 mission reports. The table indicates the
present status of each report not yet completed and the publication
date of those which have been published.
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TABLE E-I.- MISSION REPORT SUPPLEMENTS

Supplement . Publication
ﬁgmber Title date/status
Apollo T
1 Trajectory Reconstruction and Analysis May 1969
2 Communication System Performance June 1969
3 Guidance, Navigation, and Control System November 1969
Performance Analysis
L Reaction Control System Performance August 1969
5 Cancelled
6 Entry Postflight Analysis December 1969
Apollo 8
1. Trajectory Reconstruction and Analysis December 1969
2 Guidance, Navigation, and Control System November 1969
Performance Analysis
3 Performance of Command and Service Module March 1970
Reaction Control System
L Service Propulsion System Final Flight September 1970
Evaluation
5 Cancelled
6 Analysis of Apollo 8 Photography and December 1969
. Visual Observations
T Entry Postflight Analysis December 1969
Apollo 9
1 Trajectory Reconstruction and Analysis November 1969
2 Command and Service Module Guidance, Navi- November 1969
gation, and Control System Performance
3 Lunar Module Abort Guidance System Perform- November 1969
ance Analysis
L Performance of Command and Service Module April 1970
Reaction Control System
5 Service Propulsion System Final Flight December 1969
Evaluation
6 Performance of Lunar Module Reaction Control | August 1970
System
T Ascent Propulsion System Final Flight December 1969
Evaluation :
8 Descent Propulsion System Final Flight September 1970
Evaluation
9 Cancelled
10 Stroking Test Analysis December 1969
11 Communications System Performance December 1969
12 Entry Postflight Analysis December 1969
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TABLE E-I.- MISSION REPORT SUPPLEMENTS - Continued

Supplement . Publication
number Title date/status
Apollo 10
1 Trajectory Reconstruction and Analysis March 1970
2 Guidance, Navigation, and Control System December 1969
Performance Analysis
3 Performance of Command and Service Module August 1970
Reaction Control System
L 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
T Descent Propulsion System Final Flight January 1970
Evaluation
8 Cancelled
9 Analysis of Apollo 10 Photography and Visual | In publication
Observations as SP-232
10 Entry Postflight Analysis December 1969
1 Communications System Performance December 1969
Apollo 11
1 TraJectory Reconstruction and Analysis May 1970
2 Guidance, Navigation, and Control System September 1970
Performance Analysis
3 Performance of Command and Service Module Review
Reaction Control System
L Service Propulsion System Final Flight October 1970
Evaluation
5 Performance of Lunar Module Reaction Control | Review
System
6 Ascent Propulsion System Final Flight September 1970
Evaluation
T Descent Propulsion System Final Flight September 1970
Evaluation )
8 Cancelled
9 Apollo 11 Preliminary Science Report December 1969
10 Communications System Performance January 1970
11 Entry Postflight Analysis April 1970

U ¥ 1 o LC




TABLE E-I.- MISSION REPORT SUPPLEMENTS - Concluded

Supplement . Publication
number Title date/status
Apollo 12
1 Trajectory Reconstruction and Analysis September 1970
2 Guidance, Navigation, and Control System September 1970
Performance Analysis
3 Service Propulsion System Final Flight Preparation
Evaluation
L Ascent Propulsion System Final Flight Preparation
Evaluation
5 Descent Propulsion System Final Flight Preparation
Evaluation
6 Apollo 12 Preliminary Science Report July 1970
T Landing Site Selection Processes Final review
Apollo 13
1l Guidance, Navigation, and Control System September 1970
Performance Analysis
2 Descent Propulsion System Final Flight October 1970
-Evaluation
3 Entry Postflight Analysis Cancelled
Apollo 1k
1 Guidance, Navigation, and Control System Preparation
Performance Analysis
2 Cryogenic Storage System Performance Preparation
Analysis
3 Service Propulsion System Final Flight Preparation
Evaluation
L Ascent Propulsion System Final Flight Preparation
Evaluation
5 Descent Propulsion System Final Flight Preparation
Evaluation -
6 Apollo il Preliminary Science Report Preparation
T Analysis of Inflight Demonstrations Preparation
8 Atmospheric Electricity Experiments on Preparation
Apollo 13 and 1k Launches
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albedo

Brewster angle

ejecta
electrophoresis

foliation

galactic light
gegenschein
lunar libration
region (Lh)
Moulton point
nadir

regolith

zero phase

zodiacal light
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APPENDIX F - GLOSSARY

percentage of light reflected from a surface based upon
the amount incident upon it

the angle 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
. volcanic action

movement of suspended particles in a fluid by electro-
motive force ‘

Platy or leaf-like laminae of a rock

total light emitted by stars in a given area of the

sky

a faint glow seen from the earth along the sun-earth
axis in the anti-solar direction

an area 60 degrees from the earth-moon axis in the
direction of the moon's travel and on its orbital path

the earth's libration point (L;) 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 layer of unsorted fragmented material that
overlies consolidated bedrock

the condition whereby the vector from a radiation source
(sun) and 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 summary of specific Apollo flight
results, with supplemental reports and separate anomaly reports providing the

engineering detall in selected areas. Would you kindly complete this one-page
questionnaeire so that our evaluation and reporting service to our readership might
be improved.

I, DO YOU THINK THE CONTENT OF THE MISSION REPORTS SHOULD BEs
Ovess oeraren (O wose oeTaiLeo D ABOUT THE SAME? . <

2, WOULD YOU SUGGEST ANY CHANGES TO THE PRESENT CONTENT!?

(O reao comeLeTELY

3, YOUR COPY IS (check more than one),

O reao earTiIALLY O scanneo (O not RreaD OR scannen

(O routeo 1o oTHERS (O riLeo For ReFerence Oolscnozo O c1ven 1o someone eLse

4, ON THE AVERAGE, HOW OFTEN DO YOU REFER LATER TO A MISSION REPORT?

(O wore tuan s Times  [] From 2 To 5 TiMES 0 onee [ never

5. REGARDING REPORT SUPPLEMENTS, YOU:

E] USE THOSE YOU RECEIVE’ cj DO NOT RECEIVE ANY, BUT WOULD LIKE TO CJ DO NOT NEED THEM

O ves

" 6. DO YOU WISH TO CONTINUE RECEIVING MISSION REPORTS?
O v

?. FURTHER SUGGESTIONS OR COMMENTS:

NAME

ORGAN I ZATION ADDRESS

Please fold this form in half with the address on the outside, staple, and mail
the form to me.

Thank you for taking the time to complete this form.,

Donald D. Arabian, Chief
Test Division

NSC Form 884 (May 70)
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