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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
Module 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 40 minutes 24 sec-
onds south latitude and 17 degrees 27 minutes 55 seconds west longitude.

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



Preparations for the initial period of lunar exploration began
about 2 hours after landing. A procedural problem with the lunar module
communications delayed cabin depressurization about 50 minutes. The Com-
mander egressed at about 113-3/4 hours and deployed the modular equipment
stowage assembly as he descended the ladder, 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 U4 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
experilenced 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
4-1/2 hours for a total extravehicular time of approximately 9-1/4 hours.
About 96 pounds of lunar samples were collected during the two extra-
vehicular periods.

The ascent stage lifted off at about 141-3/4 hours and the vehicle
was inserted into a 51.7- by 8.5-mile orbit. A direct rendezvous was
performed and the command-module-active docking operations were normal.
However, during the final braking phase, the lunar module abort guidance
system failed after the system was no longer required. Following crew
transfer to the command module, the ascent stage was jettisoned and
guided to impact approximately 36 miles west of the Apollo 14 landing
site.

Transearth injection occurred during the 34th lunar revolution at
about 148-1/2 hours. During transearth coast, one midcourse correction
was made using the service module reaction control system. In addition,
a special oxygen flow rate test was performed and a 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 0O minutes 45 sec-
onds south latitude and 172 degrees 39 minutes 30 seconds west longitude.



2.0 INTRODUCTION

The Apollo 14 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 14 systems analyses, as shown
in appendix E. This appendix also lists the current status of all Apollo
mission supplements, either published or in preparation. Other supple-
ments will be published as necessary.

In this report, all actual times prior to earth landing are elapsed
time from range zero, established as the integral second before lift-off.
Range zero for this mission was 21:03:02 G.m.t., January 31, 1971. The
clock onboard the spacecraft was changed at 54:53:36 by adding 40 min-
utes and 2.90 seconds; however, the times given in this report do not
reflect this clock update. Had the clock update not been performed, in-
dications of elapsed time in the crew's data file would have been in er-
ror by the amount of the 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 1L 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 47 minutes 50 seconds, the crew:

a. Deployed the modular equipment stowage assembly.

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

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 equipment transporter used to
aid the astronauts in transporting equipment and samples.

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

g. Photographed activities, panoramas and equipment.

h. Deployed the Apollo lunar surface experiments package for the
continuing collection of lunar scientific data via radio link.
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Following a planned rest period, the second extravehicular activity
period began with preparations for an extended geological traverse. The
duration of the second extravehicular activity period was 4 hours 34 min-
utes 41 seconds, covering a traverse of approximately 1.6 miles, during
which the crew:

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

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

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

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

e. Retrieved the solar wind composition foil.

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

The evaluations discussed in this section are based on the data
obtained during the first lunar day — largely on crew comments and
real-time information. Certain equipment difficulties mentioned in this
section are discussed in greater detail in section 14.4. More compre-
hensive results will be summarized in a separate science report to be
published when the detailed analyses are complete (appendix E). The
sites at which the various lunar surface activities were conducted are
shown in the figure 3-1. The specific activities at each location are
identified in table 3-I.



Figure 3-1.- Traverse for first and second extravehicular periods.
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TABLE 3-I.- LUNAR SURFACE ACTIVITIES

Station

Activities

First extravehicular activity period

Lunar module

Apollo lunar surface experiments
package deployment site

Laser ranging retro-reflector site

Comprehensive sample site

Small-football-size rock site

Sampling and photography

Apollo lunar surface experiment
activities and photography

Deployment of instrument and
photography

Sampling and photography
Sampling and photography

Second extravehicul

ar

activity period

B to Bl
Bl
B2
B3
c!

Cl
c2

C2 to

Gl

Sampling, photography and first
deployment of lunar portable
magnetometer

Sampling and photography
Sampling

Photography

Sampling and photography
Photography

Sampling, photography and
second deployment of lunar
portable magnetometer

Sampling and photography

Sampling and photography

Sampling

Sampling

Sampling and photography

Sampling and photography

Sampling and photography

Sampling and photography




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 t
environment experiment

Laser ranging
retro-reflector
experiment

Central

100 ft station

-\Radioisotope thermoele%‘o

First geophone ~—=@-1- generator and base

Lunar module

150 ft 60 ft
Second geophone —=—g}-
Suprathermal ion
150 Rt detector experiment
Third geophone —=&1- Cold cathode

gage experiment

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.
Power output of the radioisotope thermoelectric generator was 69.1 watts,
and the central sta*ion 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. GSubsequent 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.



3.1.2 Passive Seismic Experiment

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

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

b. The gimbal motor which levels the Y-axis long-period seismometer
has not responded to commands on several occasions. In these cases, the
reserve power status indicates that no power is being supplied to the
motor. The power control circuit of the motor is considered to be the
most likely cause of this problem. Response to commands has been achieved
in all cases by repeating the motor drive command. (See section 1k.k4.5
for a more detailed discussion of this problem‘)

3.1.3 Active Seismic Experiment

The active seismic experiment (appendix A, section A.4.1) was de-
ployed during the first extravehicular period with the first geophone
approximately 10 feet southwest of the central station and the geophone
array extending in a southerly direction (figs. 3-2 and 3-3). The Apollo
lunar scientific experiment package was commanded to the high-bit-rate
mode for 28 minutes during the active seismic experiment/thumper mode of
operation. Thumping operations began at geophone 3 (the furthest from
the central station) and proceeded for 300 feet at 15-foot intervals to-
ward geophone 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 1k.k4.1 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
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NASA-S-71-1619

Figure 3-3.- Apollo lunar surface experiment package
components deployed on the lunar surface.
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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 lunar surface experiments package central sta-
tion (fig. 3-2). Noisy data were received at turn-on (section 1L4.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. 3-4),
the temperatures throughout the lunar day and night remained within the
range allowed for the instrument. Photographs 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-L4).
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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Figure 3-L.- 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-
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Figuare 3-5.- Charged particle lunar environment experiment
deployed on the lunar surface.
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affect the science data. All command functions cf the instrument were
executed with the exception of the forced heater mode commands. Subse-
quent to the checkout, the experiment was commanded to standby.

After 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. 4) 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.4.2) 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 1k4.4.3.
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Figure 3-6.- laser ranging retro-reflector experiment
deployed on the lunar surface.
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3.4 SOLAR WIND COMPOSITION EXPERIMENT

The 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/L4 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 jointed legs in the front of the transporter operated
as expected in that they flexed when hit and would spring back to the
vertical position readily. The smooth rubber tires threw no noticeable
dust. No dust was noted on the wheel fenders or on top of the metal
frame of the transporter.

The modular equipment transporter was carried by both crewmen
at one point in the second extravehicular activity to reduce the effort
required for one crewman to pull the vehicle. This was done for a short
period of time because it was believed to be more effective when travel-
ing over certain types of terrain.
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Figure 3-T7.- Modular equipment transporter in use during
the second extravehicular period.
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3.8 APOLLO LANDING SITES

The Apollo 11 through 14 missions have placed a considerable amount
of 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.



4.0 LUNAR ORBITAL EXPERIMENTS

Four lunar orbital experiments were conducted on Apollo 1h4: the
S-band transponder experiment, the downlink bistatic radar experiment,
gegenschein/Moulton point photography from lunar orbit, and the Apollo
window micrometeoroid experiment (a space exposure experiment not re-
quiring crew participation). Detailed objectives associated with pho-
tography while in lunar orbit and during transearth flight are discussed
in addition to the aforementioned experiments. The evaluations of the
lunar orbital experiments given here are based on preliminary data.

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

4.1 S-BAND TRANSPONDER

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

There were some difficulties during the prime data collection period
(revolutions 3 through 1L4). Two-way telemetry lock was lost many times
during revolutions 6 and 9 because of the high-gain antenna problem, mak-
ing the data for those revolutions essentially useless. At other times
maneuvers, orientations, and other operations interfered with the data.
However, sufficient data were received to permit successful completion
of the experiment objectives. Preliminary indications are that the mass
concentrations in Nectaris will be better described and the distribution
of gravitational forces associated with the Fra Mauro formation will be
better known. The data will also permit other features to be evaluated.

4.2 BISTATIC RADAR

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

(Not to scale)

Figure 4-1.- 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. In
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 1k 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.

4.4 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
window 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 1l4. However, the
camera malfunctioned and subsequent photography with this camera was
deleted (section 1L.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 acquired using both the
Hasselblad data camera with the 80-mm lens and the 16-mm data acquisition
camera with the 18-mm 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 4, malfunction of the lunar topographic camera was noted by
the Command Module Pilot. On revolutions 27, 28, and 30, the TO-mm
Hasselbald camera with the 500-mm lens (lunar topographic camera backup
system) was used to obtain the required photography. About 40 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 obJjective 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.



4.9 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 T0O-mm
Hasselblad camera and the 250-mm lens using color film was also obtained.



5.0 INFLIGHT DEMONSTRATIONS

Inflight demonstrations were conducted to evaluate the behavior of
physical processes of interest under the near-weightless conditions of
space. Four categories of processes were demonstrated, and 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.



Figure 5-2.- Liquid transfer demonstration unit.
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another under near-zerc .avity conditions. The demonstration was con-
ducted using two sets ¢ tanks, one set containing baffles and the other
without baffles. Trans r of liquid between the unbaffled tanks was un-
successful, as expectec Transfer between the baffled tanks demonstrated
the effectiveness of tw . ifferent baffle designs. Photographic data in-
dicate that both desigq_,jere successful in permitting liquid transfer.

5.3 HEAT FLOW AND CONVECTION

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,
and single crystals. Specimens were processed in a small heating cham-
ber (fig. 5-4) and returned for examination and testing. A total of
11l 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 5-3.- Heat flow and convection demonstration unit.



Figure 5-L4.- 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



TABLE 6-I.- SEQUENCE OF EVENTS?

Elapsed time,
hr:min:sec

Range zero - 21:03:02 G.m.t., January 31, 1971

Lift-off - 21:03:02.6 G.m.t., January 31, 1971

Translunar injection maneuver, Firing time = 350.8 sec 02:28:32
Translunar injection 02:3L4:32
S-IVB/command module separation 03:02:29
Translunar docking 0k4:56:56
Spacecraft ejection 05:47:14
First midcourse correction, Firing time = 10.1 sec 30:36:08
Second midcourse correction, Firing time = 0.65 sec 76:58:12
Lunar orbit insertion, Firing time = 370.8 sec 81:56:41
S-IVB lunar impact 82:37:52
Descent orbit insertion, Firing time = 20.8 sec 86:10:53
Lunar module undocking and separation 103:47:42
Circularization maneuver, Firing time = 4 sec 105:11:46
Powered descent initiation, Firing time = T6L4.6 sec 108:02:27
Lunar landing 108:15:09
Start first extravehicular activity 113:39:11
First data from Apollo lunar surface experiment package 116 :47:58
Plane change, Firing time = 18.5 sec 117:29:33
Complete first extravehicular activity 118:27:01
Start second extravehicular activity 131:08:13
End second extravehicular activity 135:L42:54
Lunar 1lift-off, Firing time = L432.1 sec 141 :45:40
Vernier adjustment maneuver, Firing time = 12.1 sec 141 :56:49
Terminal phase initiation 1L42:30:51
Terminal phase finalization 143:13:29
Docking 143:32:51
Lunar module jettison 145:44 :58
Separation maneuver 145:49:43
Lunar module deorbit maneuver, Firing time = 76.2 sec 1bh7:1k:17
Lunar module lunar impact 147:42:23
Transearth injection, Firing time = 149.2 sec 148:36:02
Third midcourse correction, Firing time = 3.0 sec 165:3L:57
Command module/service module separation 215:32:42
Entry interface 215:47:45
Begin blackout 215:48:02
End blackout 215:51:19
Drogue “ deployment 215:56:08
Landing 216:01:58

835ee 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-IVB/commend module separation, translunar
docking, spacecraft ejection, lunar module
undocking and separation, docking, and com-
mand module landing

Command 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 es 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 lumar 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 relays
A and B via the telemetry system

The time the command module touches the water
as determined from accelerometers



TABLE 6-IIT.- TRAJECTORY PARAMETERS®

. Space-fixed | Space-fixed Space-fixed
Event Re:egnce N ‘T::?,m [at(ﬂizude, Iangxtude, Aliiiude, velocity, f1ight-path neading angle,
© riminis € € € ft/sec angle, deg deg Eof ¥
Trenslunar phase
Tranelunar injection Earth 02:34:31.9 19.53 S 1k1.72 E 179.1 35 514.1 7.48 65.59
Command emnd service module/S-IVB Earth 03:02:29.4 19.23 N 153.41 W L 297.0 24 089.2 46.84 65,11
separation
JDocking Earth 0%:56 :56 30.43 N 137.99 W 20 603.4 [ 13 20k.1 66.31 8417
Comeand and service module/lunar Earth 05:47:14.4 30.91 N 1hb.7h W 26 299 .6 11 723.5 68.54 87.76
module ejection from S-IVB
First midcourse correction
Ignition Earth 28.8T N 130.33 W 118 515.0 L 437.9 T6.47 101.98
Cutoff Earth 28.87 N 130.37 W 18 522.1 L 367.2 76.95 102.23
Second midcourse correction
Ignition Moon 76:58:12.0 0.56 B 61,40 W 1 900.3 3 T1l.k -60.1 295.57
Cutoff Moon 76:58:12.6 0.56 N 61.40 W 11 899.7 3 7131 -60.1 295.65
Lunar orbit phase
Innar orbit insertion
Ignition Moon 81:56:1.0.7 2.83 K 174.81 W 8T.L 8 061.4 -9.97 257.31
Cutoff Moon 82:02:51.5 0.10 N 161.58 E 6h4.2 5 458.5 1.3 338.18
S-IVB impact Moon 82:37:52.2
Descent orbit insertion
Ienition Moon 86:10:53.0 6.58 N 173.60 W 59.2 5 L8L.8 -0.08 2L7.04
Cutoff Maon 86:11:13.8 6.29 N 17465 W 59.0 5 279.5 -0.03 2k6.94
Commend end service module/lunar Moon 103:47:41.6 12.65 8 87.76 E 30.5 S 435.8 -1.52 241.64
medule separation
Command end service module circu-
larization
Ignition Moan 105:11:k6.1 7.05 § 178.56 E 60.5 5 271.3 -0.1 248.58
Cutoff Moon 105:11:50.1 7.0L § 178.35 E 60.3 5 3k2a 0.22 248.36
Povered descent initiation Moon 108:02:26.5 7.38 s 1.57W 7.8 5 565.6 0.08 290. 84
Landing Moon 108:15:09.3_
Command and service module plene
chenge
Ignition Moon 117:29:33.1 10.63 s 96.31 E 62.1 5 333.1 -0.0k4 237.61
Cutoff Maon 117:29:51.6 10.78 s 95.40 E 62.1 5 333.3 0.01 241.79
Ascent Moon 1b1:45:40
Vernier adjustment Moon 141:56:49.4 0.5 F 3711 W 11.1 5 5h8.5 0.52 282.1
Terminal phase initiatien Moon 14k2:30:51.1 11.1 N 149.6 W Ly.8 5 396.6 0.73 265.0
Terminal phase final Moon 143:13:29.1 113 s 76.7T B 58.8 5 365.5 -0.002 265.5
Docking Mood 143:32:50.5 10.18 s 161.87 W 58.6 5 353.5 0.1l 268.06
Lunar module jettisam Moon 145:44:58.0 3218 21.80 W 59.9 5 344.6 0.133 281.9
Cormand and service module Moon 145:49:42.5 0.62 ¥ 39.58 W 60.6 5 341.7 0.119 282.3
separation
Lunar module ascent stage deorbdbit
Ignition Moon 147:14:16.9 | 11.92 S 67.43 E 57.2 5 358.7 0.018 267.3
Cutors Moan 147:15:33.1 | 12.12 s 63.53 57.2 5 177.0 0.019 267.7
luner module ascent stage impact Noon 147:k2:23.4 3.42s8 19.67 W 0.0 5 504.9 -3.685 28.7
Transearth injection
Ignition Moon 148:36:02.3 T.41 N 81.55 W 60.9 5 340.6 -0.17 260.81
Cutoff Maon 148:38:31.5 6.64 N 168.85 E 66.5 8 505.0 5.29 266.89
Transearth coast phase
Tird midcourse correction Earth 165:34:56.7 25.71TN 4643 E 176 713.8 3 593.2 ~79.61 124 .88
Cqmmand module/service module Earth 215:32:42.2 31.k2 s 94:38. B 1 965.0 29 050.8 -36.62 7.1
separation
Entry and landing phases
Entry Barth 215:47:45.3 | 36.36 s 165.60 E 66.8 | 36 170.2 -6.37 70.84
Landing Earth 216:01:58.1

8See table 6-IV for trajectory and orbital parameter definitions.
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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, deg

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 eltitude 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 aﬁgle between the spacecraft orbit plane and the
reference body's equatorial plane, deg

The longitude at which 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) Translupar
Resultant pericynthion conditiaons
Velocity
Ignition time, | Firing time,
Maneuver Bystem hr:min:sec asec ';:7;22' Altitude, | Velocity, | Latitude, | Longitude, | Arrival time,
miles ft/sec deg:min deg:nin hr:min:sec
Sranslupar inJjection S~IVB 2:28:32.4 350.8 10 366.5 1979 5396 tell W 172:24 W 82:15:19
-Conmend and service mod- | Reaction control 5:47:14.4 6.9 0.8 1980 5550 2:56 X 173:52 W 82:11:20
ule/lunar module sepa-
ration fram S-IVB
S-IVB evasive meneuver S-IVP auxiliary 6:04:20 80.0 9.5 [¢] 8368 2:05 N 131:52 W 82:01:01
propulsion
First midcourse correc- | Service propulsion 30:36:07.9 10.1 1.1 67 8130 2:21 N 167:48 E B82:00:45
tion
Second midcourse cor- Service propulsion 76:58:12 0.65 3.5 61 8153 2:12 N 167:11 B 82:L0:36
rection
(b) Lunar orbit
Velocity Resultant orbit
Ignition time, | Firing time,
Maneuver Bystem hr:min:sec aec ::7"82' Apocynthion, Pericynthion,
sec miles miles
Lunar orbit insertion Service propulsicn 81:56:40.7 370.8 3022.4 169.0 58.1
Descent orbit insertimn Service praopulsion 86:10:53 20.8 205.7 58.8 9.1
Command module/lunar mod- Service module reaction 103:47:L41.6 2.7 0.8 60.2 7.8
ule separation cantrol
Lunar orbit circularization | Service propulsian 105:11:46.1 L.0 17.2 63.9 56.0
Povered descent initiation Descent propulsion 108:02:26.5 764:6 6639.1 - -
Lunar orbit plane change Service propulsion 117:29:33.1 18.5 370.5 62.1 51.7
Lunar orbit imsertica Ascent propulsim 1L1:45:40 L3 6066.1 5.7 8.5
Vernier adjustment Lunar module reaction 141:56:49.4 12.1 10.3 51.2 8.4
control
Terminal phese initiaticn Ascent propulsion 142:30:51.1 3.6 88.5 60.1 L6.0
Terwina). phase finaliza-~ Lunar module reactian 143:13:29.1 26.7* 32.0% 61.5 58.2
tion control
Final separation Service module reaction 145:49:42.5 15.8 3.h 63.4 56.8
control
Lunar module deorbit Lunar module reactian 147:24:16.9 76.2 186.1 56.7 -59.8 .
control
*Theoretical values.
(c) Trensearth
Resultant entry interface condition
Event oyaten Ianition time, | Firing time, V:i::‘:’
th hr:min:sec sec n/!s * | Flight~path | Velocity, | Latitude, | longitude, | Arriva) time,
ec angle, deg ft/sec deg:min deg:min hr:min:aec
Transearth injection | Service propulsian | 148:36:02.3 1k9.2 3460.6 -7.3 36 127 27:02 8 171:30 W 216:26:59
T‘J;rd midcourse cor- | Service module 165:34:56.7 3.0 0.5 -6.63 36 170 36:30 8 165:15 B 216:27:31
rection reaction control
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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 40 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.)
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6.2.3 Lunar Ascent and Rendezvous

Lift-off from the lunar surface occurred at 141:45:40, during the
31st lunar revolution of the command and service modules. After 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 f't /sec
Primary guidance and .
navigation system 5SSkl 30 60 311
Powered flight processor 554l 29 60 345
Abort guidance system 5542 29 60 309

To accomplish a direct rendezvous with the command module, a re-
action control system vernier adjustment maneuver of 10.3 ft/sec was
performed approximately 4 minutes after ascent engine cutoff. The ma-
neuver was necessary because the lunar module ascent 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 14.1.4. 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
M
aneuver Network Lunar Command and
module service module

Terminal phase V.= 63.0 V = 62.1 V = -67.4
initiation V= 1.0 v = 0.1 e 0.5
v“;' = 67.0 v3z' = 63.1 v3z’ = -69.2
Vt = 92.0 Vt = 88.5 Vt = 96.6

First midcourse No ground V. =-0.9 vV = 1.3

correction solution. v = 0.2 v = _0.1

V3Z’ = 0.6 v3z’ = -1.1

Vt = 1.1 Vt = 1.7

Second midcourse No ground V. = -0.1 V. = 0.6

correction solution. Vx = 0.1 Vx = =0.2
V3Z’ = -1.h4 vbz' = 2.2

Vi = 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
7S5-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 40 minutes 1 second west longitude with a
velocity of about 5500 feet per second. This point was 36 miles from the
Apollo 1lb4 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 from the service module. 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 1lift.-
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.
Command 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-IT 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 14.1.1.

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
circuit breaker tying battery C to main bus B was inoperative. This
anomaly is described in section 1Lh.1.7.

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 14.1.6.



T.2.2 Fuel Cells

The fuel cells were activated 48 hours prior to launch, conditioned
for 4 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.

A1l 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.

7.4 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 1L.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 o 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.1.U4 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 14.1.5.

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 T2 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 T7.50 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 T7-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/secz, 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.
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TABLE 7-I.- INERTIAL COMPONENT PREFLIGHT HISTORY - COMMAND MODULE

E Sample Standard No. of Countdown Flight Inflight
rror mean deviation samples value load performance
Accelerometers
X - Scale factor error, ppm . . . . . . =Ly 58 8 -500 -370 -
Plas, cm/sec® . . « v o ... .| -0.23 0.13 8 -0.31 -0.23 -0.3L
Y - Scale factor error, ppm . . . . . . =Ll L9 8 -505 -500 -
Bias, cm/sece . .« « . e o o\ . .. 0.05 0.07 8 0.13 0.0k 0.09
2 - Scale factor error, ppm . . . .« . . -278 L9 8 -320 -310 -
Bias, cm/sec2 e e e e e e e e e -0.29 .07 8 -0.18 -0.29 -0.18
Gyroscopes
X - Null bias drift, meru . . . . . . . 0.9 |- 0.6 8 1.8 2.5 80.0
Acceleration drift, spin reference
axis, meru/g .« . - . . 4 o+ 0 o4 . 3.0 2.0 8 L.9 1.0 -
Acceleration drift, input
axis, meru/g .« .« .« . o+ o+ 4 4 o4 1.7 1.5 8 1.6 8.0 -
Y - Null bias drift, meru . . . . . . . -3.h 0.8 8 L2 -3.4 1.7
Acceleration drift, spin reference
axis, meru/g@ . . - .« . o4 . .o 3.2 1.5 8 3.8 3.0 -
Acceleration drift, input
axis, meru/g@ .+ + v . v o4 e o4 o . -9.9 L.5 16 -9.7 -5.8 -
2 - Null bias drift, meru . . . . . . . 1.6 0.9 8 2.5 1.6 0.0
Acceleration drift, spin reference
axis, meru/g . .+ .+ .+ o+ . o 4 . -3.1 1.0 8 -2.L -3.9 -
Acceleration drift, input
axis, meru/g . . . . . . . . .. L3.8 6.4 8 Sh.l L0.0 -

aInflight performance average before update was 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 7-1 is a time history
of significant ccntrol 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 7-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



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

TABLE 7-I1I.- COMMAND AND SERVICE MODULE PLATFORM ALIGNMENT SUMMARY

Gyro torquing angle,

Star angle

Gyro drift, meru

Time, Star used deg difference, Comments
hr:min deg
X Y YA

00:58 3 22 Regulus, 2L Gienah 0.085 0.010 0.166 0.00 Launch orientation

6:L0 3 17 Regor, 1k Canopus 0.127 | -0.060 | -0.011 0.00 -1.L | +0.7 | -0.1 | Launch orientation

1Lk:13 3 31 Arcturus, 35 Rasalhague 0.271 | -0.127 | -0.036 0.01 -2.5 1.2 | -0.3 | Passive thermal control orientatian
29:20 3 20 Dnoces, 23 Denebola 0.Lk9 | -0.130 0.082 0.01 -2.0 0.6 0.4 | Passive thermal control orientation
Lo:11 3 1 Alpheratz, L0 Altair -0.039 | -0.221 0.0L6 0.00 0.2 1.k 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:L1 3 13 Capella, 3 Navi -0.073 -0.093 0.033 0.00 0.8 1.1 0.k Passive thermal control orientation
76:52 3 23 Denebola, 32 Alphecca 0.056 | -0.262 0.038 0.00 -0.2 1.0 0.1 | Passive thermal control orientation
79:39 3 27 Alkaid, 35 Rasalhague -0.007 | -0.0LS 0.010 0.00 0.2 1.1 0.2 | Passive thermal control orientatiom
8L: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, 17 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
101:2L 3 17 Regor, 30 Menkent 0.073 | -0.229 0.000 0.00 -0.L4 1.1 0.0 | Landing site orientation
105:09 3 U0 Altair, L2 Peacock 0.030 | -0.038 0.028 0.01 -0.6 0.7 0.2 | Landing site orientation
109:12 3 3L Atria, 37 Munki -0.012 -0.0L3 0.003 0.01 0.2 0.7 0.0 Landing site orientation
117:08 3 22 Regulus, 27 Alkaid 0.021 -0.105 0.055 0.02 -0.2 0.9 0.5 Landing site orientation
119:27 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 Mirfekx, 12 Rigel -0.036 -0.157 0.091 0.01 0.3 1.2 0.7 Launch orientation
137:18 3 6 Acamar, 1L Canopus -0.002 | -0.166 | -0.005 0.00 0.0 1.8 | -0.1 | Launch orientation
1k0:53 3 31 Arcturus, 30 Menkent 0.079 | ~0.006 | -0.001 0.00 -1.3 0.1 | -0.0 | Launch orientation
1L6:58 3 2L Cienah, 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 | -0.0L3 0.01 -0.7 2.1 0.9 | Trensearth injJection orientation
163:L49 3 11 Aldebaran, 16 Procyon 0.0L6 | -0.17k 0.017 0.00 -0.2 0.8 0.1 | Passive thermal control orientation
166: 3L 3 25 Acrux, L2 Peacock 0.0L0 | -0.L6O 0.076 0.00 -0.1 1.3 0.1 | Passive thermal control orientation
192:14 3 41 Dabih, 3L Atria -0.038 | -0.10L4 | -0.003 0.01 0.1 1.2 0.0 Passive thermal control orientation
196:58 3 17 Regor, LO.Alteir -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 0.071 | -0.161 0.026 0.01 -0.U 1.0 0.2 | Passive thermal control orientation
212:59 3 16 Procyon, 23 Denebola -0.0L9 -0.010 0.01k 0.01 0.7 0.1 0.2 Passive thermal control orientation
213:11 1 23 Denebola, 16 Procyon 0.021 0.002 | -0.036 0.01 -1.0 | -1.0 | -1.6 | Entry orientation
21L:39 3 30 Menkent, 37 Nunki 0.039 | -0.0L0 | -0.069 0.00 -1.8 1.8 | -3.2 | Entry orientation

#] . Preferred; 2

- Nominal; 3 - REFSMMAT; L - Landing site.
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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 1T.

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 camera 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 70-mm Hasselblad
camera mounted on a bracket in window L (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-IVB 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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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 1k4.2.5). 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 b-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

All 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.



9-18

9.11.1 Rendezvous

Following the adjustment 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 conditions.
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 1k4.1.4), 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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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.

Soil mechanics.- Footprints on the lunar surface were not more than
1/2 inch to 3/U4 inch deep except in the rims of craters, where, at times,
they were 3/L4 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 1lift-
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 141:56:49.4 using the re-
action control system. The adjustment delta velocity was monitored with
both guidance systems.
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used by striking with the flat of the 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

Geclogy .- 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. In 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. 1In
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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 