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1.0 SUMMARY

The Apollo 12 mission provided a wealth of scientific information in
this significant step of detailed lunar exploration. The emplaced experi-
ments, with an expected equipment operation time of 1 year, will enable
scientific observations of the lunar surface environment and determination
of structural perturbations. This mission demonstrated the capability for
a precision landing, a requirement for proceeding to more specific and
rougher lunar surface locations having particular scientific interest,

The space vehicle, with a crew of Charles Conrad, Jr., Commander;
Richard F. Gordon, Command Module Pilot; and Alan L. Bean, Lunar Module
Pilot; was launched from Kennedy Space Center, Florida, at 11:22:00 a.m.
e.s.t. (16:22:00 G.m.t.) November 14, 1969. The activities during earth-
orbit checkout, translucar injection, and translunar coast were similar
to those of Apollo 11, except for the special attention given to verify-
ing all spacecraft systems as a result of lightning striking the space
vehicle at 36.5 seconds and 52 seconds. A non-free-return translunar
trajectory profile was used for the first time in the Apollo 12 mission.

The spascecraft was inserted into a 168.8- by 62.6-mile lunar orbit
at about 83-1/2 hours. Two revolutions later a second maneuver was per-
formed to achieve a 66.1- by 54.3-mile orbit. The initial checkout of
lunar module systems during translunar coast and in lunar orbit was sat-
isfactory. At about 104 hours, the Commander and the Lunar Module Pilot
entered the lunar module to prepare for descent to the lunar surface.

The two spacecraft were undocked at about 108 hours, and descent
orbit insertion was performed at approximately 109-1/2 hours. One hour
later, a precision landing was accomplished using automatic guidance,
with small manual corrections applied in the final phases of descent.

The spacecraft touched down at 110:32:36 in the Ocean of Storms, with
landing coordinates of 3.2 degrees south latitude and 23.4 degrees west
longitude referenced to Surveyor III Site Map, First edition, dated Jan-
uary 1968. One of the objectives of the Apollo 12 mission was to achieve

a precision landing near the Surveyor III spacecraft, which had landed

on April 20, 1967. The Apollo 12 landing point was 535 feet from the
Surveyor IIX.

Three hours after landing, the crewmen began preparations for egress
and egressed about 2 hours later. As the Commander descended to the.sur-
face, he deployed the modularized equipment stowage assembly, which per-
mitted transmission of color television pictures. The television camera,
however, was subsequently damaged. After the Lunar Module Pilot had
descended to the surface and erected the solar wind composition foil, the
crew deployed the Apollo lunar surface experiments package. On the re-
turn traverse, the crew collected a core-tube soil specimen and additional
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surface samples. Also, an Apollo erectable S-band antenna was deployed
for the first time. The duration of the first extravehicular activity
period was U4 hours.

Following a T-hour rest period, the second extravehicular activity
period began with preparation for the geology traverse. Documented sam-
ples, core-tube samples, trench-site samples, and gas-analysis samples
were collected on the traverse to the Surveyor III spacecraft. The crew
photographed and removed parts from the Surveyor. Following the return
traverse, the solar wind composition foil was retrieved. The second ex-
travehicular activity period lasted 3-3/4 hours. Crew mobility and port-
able life support system operation, as in Apollo 11, were excellent through-
out the total T-hour L46-minute extravehicular period. Approximately
T4.T pounds of lunar material were collected for return to earth, as well
as the Surveyor parts.

The ascent stage lifted off the lunar surface at 142 hours. After a
nominal rendezvous sequence, the two spacecraft were docked at 145-1/2
hours. The ascent stage was Jjettisoned following crew transfer and was
maneuvered by remote control to impact on the lunar surface; impact
occurred at 150 hours approximately 40 miles from the Apollo 12 landing
site.

After a period of extensive landmark tracking and photography, trans-
earth injection was accomplished with the service propulsion engine at
172-1/2 hours. The lunar orbit photography was conducted using a 500-mm
long-range lens to obtain mapping and training data for future missions.

During transearth coast, two small midcourse corrections were exe-
cuted, and the entry sequence was normal. The command module landed in
the Pacific Ocean at 24LL-1/2 hours. The landing coordinates, as deter-
mined from the onboard computer, were 15 degrees 52 minutes south lati-
tude and 165 degrees 10 minutes west longitude. After landing, precau-
tions to avoid lunar organism back-contamination were employed. The
crew, the lunar material samples, and the spacecraft were subsequently
transported to the Lunar Receiving Laboratory.
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2.0 INTRODUCTION

The Apollo 12 mission was the twelfth in a series of flights using
Apollo flight hardware and was the second lunar landing. The purpose
of the mission was to perform a precise lunar landing and to conduct a
specific scientific exploration of a designated landing site in the
Ocean of Storms.

Since the performance of the entire spacecraft was excellent, this
report discusses only the systems performance that significantly differed
from that of previous missions. Because they were unique to Apollo 12,
the lunar surface experiments, the precision landing operation, and lunar
dust contamination are reported in sections 3, 4, and 6, respectively.

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 12 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 the need is identified.

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 16:22:00 G.m.t., November 1L, 1969.
Greenwich mean time is used for all times after earth landing as well as
for the discussions of the experiments left on the lunar surface. All
references to mileage distance are in nautical miles.
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3.0 LUNAR SURFACE EXPLORATION

This section contains a discussion of the formal experiments con-
ducted for Apollo 12 and presents a preliminary leborstory assessment of
returned samples. The experiments discussed includes those associated
with the Apollo lunar surface experiments package and the solar wind com-
position, lunar geology, lunar surface photography, and multispectral
photography experiments. The evaluations in this section are based on
the data received during the first lunar day. All final experiment re-
sults will be published in a separate science report when the detailed
analyses are complete (appendix E).

Lunar surface scientific activities were performed essentially as
planned within the allotted time periods. Three hours after landing, the
crew began preparations for egress and the first traverse of the lunar
surface. During the first extravehicular activity period, which lasted
4 hours, the crew accomplished the following:

a. Deployed the modularized equipment stowage assembly, which per-
mitted transmission of color television pictures of the Commander descend-
ing the lunar module ladder

b. Transferred a contingency surface sample to the lunar module
c. Erected the solar wind composition foil
d. Collected a core-tube soil specimen and additional surface samples

e. Deployed the Apollo lunar surface experiments package for an ex-
tended collection of lunar scientific data via a radio link.

The experiments package included a cold cathode gage, a lunar surface mag-
netometer, a passive seismometer, a solar wind spectrometer, a dust de-
tector, and a suprathermal ion detector. A brief description of the ex-
periment equipment is presented in appendix A. Certain difficulties in
deploying the equipment are mentioned in this section and are discussed

in greater detail in section 14.3. Anomalies in the operation of the
equipment since activation are also mentioned, but the nature and cause

of each experiment anomaly will be summarized in a later science report
(appendix E).

Following a T-hour rest period, the second extravehicular activity
period began with preparations for the geology traverse. The duration of
the second extravehicular activity was 3-3/4 hours, during which the crew
accomplished the following:



NS

]

a. Collected documented, core-tube, trench-site, and gas-analysis
samples.

b. Photographed the Surveyor III and retrieved from it a cable, a
painted tube, an wmpainted tube, the television camera, and the scoop

c. Retrieved the solar wind composition foil.

Crev mobility end perceptibility, as in Apollo 11, were excellent
throughout both extravehicular periods. The discussion in the following
paragraphs is based largely on real-time information and crew comments.

3.1 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE

The Apollo lunar surface experiments package was deployed on the
lunar surface at 116 hours (fig. 3-1), and the experiments were activated
between 118 and 124 hours. After the initial difficulty in removing the
radioisotope fuel capsule from its transporting cask (see section 1L4.3.3),
the crew installed the capsule in the radioisotope thermoelectric gene-
rator. The experiment package transmitter was turned on by ground command
approximately 69 minutes after the fueling of the generator. At the time
of activation the power output of the radioisotope thermoelectric gene-
rator was 56.7 watts; as the generator warmed up, the power output stead-
ily increased to 73.69 watts and has remained nearly constant at that
level.

The transmitter downlink signal strength was minus 139 dBm at the
time of activation and has remained constant at sbout minus 140 dBm. The
execution of uplink commands verified normal communications. Several
commands have not shown command verification in telemetry data but were
verified by functional changes in the experiment operation. The overall
performance of the central station, shown in figure 3-2, has been excep-
tionally steble. Temperatures at various locations on the thermal plate,
which supports electronic equipment, are shown in figure 3-3, and the
average thermal plate temperatures have -been well within the expected
maximum values since activation.

Discussions of the preliminary performance and, when availseble,
scientific results for each of the studies in the experiment package are
presented in the following paragraphs.

3.1.1 Dust Detector

Output data from the dust detector cells are shown in figure 3-Lk,
A1l readings are close to expected values and show no evidence of natural
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Figure 3-1.- Lunar Module Pilot lifting Apollo lunar surface
experiments package prior to deployment traverse.
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Figure 3-2.- Central power station cables and flat-tape power.
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dust accumulations. An increase in the cell 2 output was seen at lunar
module lift-off. Data fram cell 2 show that the sun incidence angle was
normal to the cell face about 6 hours prior to actual lunar noon, indi-
cating the package is probably tipped about 3 degrees to the east.

3.1.2 Passive Seismameter Experiment

The passive seismic experiment, shown in figure 3-5, has operated
as planned with the exceptions noted. The sensor was installed at a lo-
cation west-northwest from the lunar module (fig. 3-6) at a distance of
130 meters from the nearest footpad. The crew reported that temping the
surface material with their boots was not an effective means of preparing
the surface for emplacement because the degree of compaction is small.
Spreading the thermal shroud over the surface was difficult, because in
the lunar gravity, the lightweight Mylar sheets of this shroud would not
lie flat (see section 1k.3.L4).

.
CE L il P W A S 3k e

Instrument performance.- The passive seismic experiment has operated
successfully since activation; however, instrumentation difficulties have
been observed.

The short-period vertical-component seismometer is operating at a
reduced gain and fails to respond to calibration pulses. Detailed com-
parisons between signals observed on both the long- and short-period
vertical-component seismometers has led to the initial conclusion that
the inertial mass of the short-period seismometer is rubbing slightly on
its frame. Nominal response is observed for signals large enough to pro-
duce inertial forces on the suspended mass which apparently exceed re-
straining frictional forces. The threshold ground-motion acceleration
required to produce an observable signal cannot be determined accurately,
but it is probably less than 8 x 10-“cm/sec2, which corresponds to surface
motions of 2 millimicrons at a frequency of 10 hertz. On December 2,
1969, a series of square-wave pulses were observed on the short-period
vertical trace over a period of epproximately 13 hours. The pulse ampli-
tude was constant and was approximately equal to a shift in the third

ﬂ4~—j-—-m~~—~a£ast-significantrbit of a-telemetry data word. These pulses are also .

4 observable on the records from the long-period seismometers, but with
: reduced amplitude. The problem is believed to be in either the analog-
; to-digital converter or the converter reference voltage.

The response of the long-period vertical seismometer to a calibra-
tion pulse was observed to be oscillatory soon after activation. 1In the
presence of feedback, this effect can be produced if either the natural
period of the seismometer is lengthened or the feedback filter corner
period is shortened beyond design values. It is probable that the natural
period of the seismometer was lengthened from 15 seconds to approximately
60 seconds as a result of vibration effects. Acceptable operation has
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NASA-5-70-529

Figure 3-5.- Passive seismic experiment and the experiment central station in the foreground
with the undeployed suprathermal ion detector experiment in the background.
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been achieved by removing, through ground commands, the feedback filters
from all three components. In this configuration, the seismometers have

responses equal to underdamped pendulums with natural periods of 2.2 sec-
onds.

The active thermal control system was designed to maintain a tem-
perature level of 125° F to within 1°. The observed range is from 85° F
during the lunar night to 132.5° F during the lunar day. This tempera-
ture variation will not degrade the quality of seismic data, but it will
reduce the probability of obtaining useful long-period (tidal) data.

Recorded seismic signals.- Prior to lunar module ascent, a great
many signals were recorded and corresponded to various crew activities,
on the surface and within the lunar module. The crewmen's footfalls were
detectable at all points along their traverse, with a maximum -range of
approximately 360 meters. Signals of particular interest were generated
by static firings of the reaction control thrusters and the ignition of
the ascent engine, as shown in figure 3-T. These signals traveled from
their sources to the seismic sensors with a velocity of approximately
108 meters/sec. Spectra of the thruster signals show peak signal ampli-
tudes near 8 hertz, as was observed during Apollo 1l static firings.

NASA-5-70-531

B S AN N N O
Reaction control thruster:—
} ' . b

-

I
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it O I i St

IV B E. e

- - : i -
Ascent engine AN 19

3 - : g
“10 seconds!. :
; i i {31313

Figure 3-7 .- Seismic signals during reaction control thruster
and ascent engine firings.

Following ascent, 18 seismic signals that could possibly be of
natural origin have been identified on the records for the 10-day period
of observation. All but one of the 10 high-frequency events detected by
the short-period vertical component were recorded within 8 hours after
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lift-off and probably correspond to venting processes of the lunar module
descent stage. These data contrast sharply with the hundreds of signals
assumed to be of lunar module origin recorded during the first 8 days of
Apollo 11 seismometer operation. This drastic reduction in the number of
interfering noises from the lunar module is attributed primarily to the
increase from 16.8 meters to 130 meters in distance from the descent stage.
However, the reduced sensitivity of the vertical component in the short-
period seismometer is certainly a contributing factor.

Of the eight signals recorded on the long-period components, three
are extremely small, possibly of instrumental origin, and the remaining
five are quite definite. All signals exhibit emergent onset rates and
durations lasting from 10 to 30 minutes; periods which are long compared
to similar seismic events on earth.

The most significant event recorded was the impact of the lunar
module ascent stage at a distance of 75.9 kilometers and an azimuth of
114 degrees east of north from the experiment. The angle between the
impact trajectory and the mean lunar surface was 3.7 degrees at the point
of impact, and the approach azimuth was 306 degrees. Signals from the
impact were recorded well on all three long-period seismometers. The
signal amplitude built up gradually to a maximum of 10 millimicrons
peak-to-peak on all components over a period of about T minutes and there-
after decreased very gradually into the background, the total duration
being about 50 minutes. Distinct phases within the wave train are not
apparent. The signal is shown on a compressed time scale in figure 3-8,
and no phase cohersnce between components is evident. The spectral dis-
tribution of the signal ranges from approximately 0.5 hertz to the high-
frequency limit of 2 hertz for the long-period seismometer.

Note: Ascent stage impact occurred at 149:.55::16.:4

Figure 3-8.- Long-period seismometer response to ascent stage impact.
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The seismic wave velocity, corresponding to the first arrival, ranges
between 3.0 and 3.78 km/sec. The unexpectedly long duration of the wave
train is assumed to have either resulted from a prolonged effective source
mechanism or from a propagation effect. An extended source from such an
impact might result from: (1) triggering of rock slides within a crater
located near the point of impact; (2) the distribution of secondary im-
pacts which would presumably rain downrange, and toward the seismic sen-
sors, from the prinmary impact point; and (3) the effects of an expanding
gas cloud consisting of residual ascent stage fuel and volatilized ejecta.
If the signal duration is a propagation effect, the quality factor (Q) of
the lunar material through which these waves propagate must range between
2000 and 4500, as opposed to Q-values of between 10 and 300 for most crust-
al materials on earth. Further interpretation of this very unusual signal
must be deferred pending a final analysis. It should be noted, however,
that the impact signal is similar in character to a number of prolonged
signals detected by the Apollo 11 seismometers. This similarity elimi-
nates an earlier suspicion that the Apollo 11 signals might be of artifi-
cial origin.

A direct correlation has been made between signals recorded by the
magnetometer and those recorded by the short-period vertical component.
This correlation was particularly noticeable during passage of the moon
through the transition zone between the tail of the earth's magnetic field
and interplanetary space, where rapid variations in the magnetic field
strength are observable from the magnetometer record.

Feedback outputs.- The long-period seismometers are sensitive to both
tilt (horizontal components) and changes in gravity (vertical component).
These data are transmitted on separate data channels, referred to as
"feedback," or "tidal," outputs. A particularly interesting case of tilt-
ing has been observed, beginning approximately 8 hours before terminator
crossing and lasting 24 hours thereafter, as shown in figure 3-9. A
total tilting of U5 seconds of arc, downward and in the direction of east-
northeast, occurred during this interval. The tilting may have been pro-
duced by a combination of thermal effects either on the very near lunar
surface or on the instrument itself, and possibly by the tilting of large

--blocks of the igneous rock underlying the regolith, which is estimated .

to range between 1 and 5 meters in thickness. Thermal effects could not
have propagated for more than a few inches into the regolith during the
period of observation. Thus, tilting of underlying blocks by thermal ef-
fects would have to be produced by changes in temperature at exposed crater
walls. The crew reported seeing zones of lineations 5 to 30 meters wide
trending approximately north-south in this region. Such zones may have
been produced by sifting of regolith material into underlying fractures.



b

e

Y
R

Adjusted Z-axis, equivalent maal

Adjusted tilt, arc sec

Temperature, °F

NASA-5-70-533

0

-12

-16

-20

-24

-32

128

126

124

122

]

— = T 7 —_— e —_——
R (N RS N v \ -"I”"‘—— e - |
N TS
N ) [ .
NENI N

\ : X L Z-gravity
F] \
{ A
(
|

\ N

:X \ — X-tift
|
1\ N

T ~N

Terminator crossing ) \ ~_

! X L
[
|
! \
N
i
] N
[
: N . — Y-tilt
' ~
1
" -
[ N\
] ™~
I NL
: [\\
!
|
1
1
L

-

B : \F\ | /T Instrument temperature
1 S
t
I
1
' h
] \ -
0 4 8 12 16 20 0 4 8 12 16
December 3 December 4

G.m.t., hr

Figure 3-9.- Seismometer feedback response and temperature variations
during terminator passage at the landing site.



*,

3-13

3.1.3 Magnetometer Experiment

The magnetometer experiment measures the magnetic field on the lunar
surface in response to the moon's natural electromagnetic fields in the
solar wind and the earth's magnetic tail. Measurement of the field vec-
tor and gradient permits placement of an upper 1limit on the permanent
magnetic moment of the moon and also allows inhomogeneities and local
field sources to be studied. Vector field measurements taken during the
moon's passage through the neutral sheet in the geomaznetic tail will
also allow determination of the moon's bulk magnetic permeability. Simul-
taneous field measurements taken by the lunar surface magnetometer and a
lunar orbiting satellite will be used to differentiate the sources pro-
ducing the lunar induction magnetic field and to calculate the bulk elec-
trical conductivity.

The initial data show that a portion of the moon near the Apollo 12
landing site is magnetized. The data also show that the magnetic field
on the lunar surface has frequency and amplitude characteristics which
vary with lunar day and night. These two observations indicate that the
material near the landing site is chemically or electrically differenti-
ated from the whole moon.

The magnetometer was deployed in approximately 3 minutes, and fig-
ure 3-10 shows the deployed magnetometer at the experiments package site.
Magnetic-field data were received immediately after instrument activa-
tion, and ground commands were sent to establish the proper range, field
offset, and operational mode for the instrument. The experiment was de-
ployed so that each sensor is directed about 35 degrees above the hori-
zontal. The Z sensor is pointed toward the east, the X sensor toward the
northwest, and the Y sensor completes a right-hand orthogonal system. In-
strument measurements include both time-invariant and time-varying vector
field information. The time-invariant fields are produced by a source
either associated with the entire moon or in combination with a possible
localized source. The time-varying vector fields are produced by the
sun's magnetic field in the solar wind and by the earth's magnetic field
in the regions of the magnetic bow shock, transition zone, and the geo-
magnetic tail. These regions and the moon's first orbital revolution
after deployment are shown in figure 3-11. At the time of instrument
activation, the moon was just inside the earth's magnetic bow shock.

The magnetic field measured on the lunar surface is a vector sum of
the fields from the lunar, terrestrial, and solar magnetic fields. The
selenomagnetic field associated with a local portion of the moon should
have small-amplitude variations over time periods on the order of days
and can therefore be separated from the higher frequency transients by
measurements taken during a period of one complete revolution around the
earth. A preliminary analysis of the field measured during half an or-
bital period shows that the field is approximately 30 gammas in magnitude
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Figure 3-10.- Lunar surface magnetometer deployed.




NASA-S-70-535§

Moon's oibit\

——
——
0 Solar .
radiation —e
——

Dec 10¥

3 [ ]
Dec 2 )
T Earth's
magnetic
bow shock
Nov 28
0Nl
Transition
region
B Nov 26
Magnetopause
Nov 24
Geomagnetic tail
Nov 22
Magnetometer
activation
1 <
Dec 18 Nov 19

Dec 16

Figure 3-11.~ Geometry of the earth's magnetic field regions in the solar plasma.

GT-¢




<ty

3-16

and is directed downward approximately 50 degrees from the vertical toward
the southeast. The magnetic-field gradient was measured to be less than
10~ 3 gammas/cm in the plane tangent to the lunar surface. Magnetic-field
measurements from the lunar orbiting Explorer 35 spacecraft indicate that
the dipole moment is less than 1020 gauss-cm3, which implies the 30-gamma
field is caused by & localized source near the Apollo 12 landing site,
rather than from a uniform dipole moment associated with the whole moon.

Along with the time-invariant magnetic field associated with the
moon, & relatively large time-varying component exists. During each
orbit around the earth, the moon is embedded in each of the different
magnetic-field regions shown in figure 3-11. The magnetic-field environ-
ment is dominated by the solar wind in interplanetary space, by the in-
teraction of the solar wind and the earth's magnetic field in the bow
shock and transition region, and by the earth's intrinsic field in the
geomagnetic tail region.

Figures 3-12 through 3-15 show typical field measurements obtained
during a 6-minute period in each of the three regions shown in fig-
ure 3-11. Figure 3-12 is a time-series plot of the three vector compo-
nents of the magnetic field in the instrument coordinate system while
the moon was in interplanetary space and the instrument was in sunlight.
The field variations are caused by the fluctuating solar field transported
to the lunar surface by solar plasma and correlate in time with data from
the solar wind spectrometer (section 3.1.4). Figure 3-13 is a plot of
the three vector components during a period when the moon was in inter-
planetary space and the magnetometer was in darkness. The resultant
lunar surface field can be seen to lack the short-period fluctuations
appearing in data received when the instrument was in sunlight. The
magnetic-field vector components during a time when the moon was in the
vicinity of the earth's plasma magnetohydrodynamic bow shock are shown
in figure 3-14. The response amplitude in this region is large. Typical
measurements obtained in the transition region between the bow shock and
the magnetopause are plotted in figure 3-15. In this region, the field
fluctuations are of greater amplitude and contain higher frequencies than
in the interplanetary solar field regions. These measurements also cor-

--relate well with data from the solar wind spectrometer. As expected,

measurements taken in the field region of the geomagnetic tail show very
low amplitude and frequency fluctuations with time.

Temperatures measured at five different locations in the instrument
were approximately 68° F higher than expected because of lunar dust on
the thermal control surfaces.
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Two anomalies have been observed in the operation of the magnetometer
since deployment. Following discovery of a malfunction, one of the three
digital filters in the data processing electronics was bypassed by ground
command 3 days after equipment activation. The problem was discovered as
a faulty subroutine in the digital filter that was erroneously multiplying
the data by zero. After the electronics temperature decreased from a high
of 161° F to below 122° F during the lunar day, the filter was commanded
back into the data link and instrument operation was satisfactory. Pre-
liminary indications are that a welded connection parted at the upper
temperature. The second anomaly occurred about 3 weeks after deployment,
when the three vector-component measurements dropped off-scale and the
vector magnetic field could not be measured. Jubsequent commands per-
mitted the X-component measurements to be brought back on scale but not
the Y- and Z-sensor outputs. All subsystems were operating normally ex-
cept for the sensor electronics. Another attempt will be made to restore
the sensor electronics to proper operation when the temperature of the
electronics rises at lunar sunrise.

3.1.4 Solar Wind Spectrometer

Since the solar wind spectrometer was activated on the lunar sur-
face, the performance and the data received have been satisfactory. The
solar wind spectrometer was turned on by ground command at approximately
122-1/2 hours. All background plasma and calibration data appear normal.
The seven dust covers were successfully devployed at 143-1/2 hours.

The observed plasma ion data, characteristic of the earth's "tran-
sition region," were found to be consistent with that indicated by the
magnetometer. As expected, the plasma properties are highly variable in
the transition region. The bulk velocity was near 300 km/sec, the density
was about 5 ions/cm3, and fluxes of from 0.5 x 108 to about 2 x 108 ions/
cm2-sec were observed. High-energy electrons were also detected.

When the instrument entered the geomagnetic tail of the earth, es-
sentially no solar plasma was detected. Upon emerging from the geomag-
netic -tail, the spectrometer again passed through the transition region.

Nine days after deployment, the instrument passed through the plasma
bow shock of the earth: into the interplanetary solar wind, which exhibited
the following typical plasma properties: bulk velocity of from 500 to
550 km/sec, density of from 2 to 2.5 ions/cm3, and a flux of approximately
1.4 x 108 ions/cm2-sec.

With the onset of lunar night, the plasma activity, as predicted,
decreased to below the measurement threshold of the instrument.
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3.1.5 Suprathermal Ion Detector

The suprathermal ion detector experiment functioned normally until
14-1/2 hours after activation, at which time the L4.5-kV and 3.5-kV power
supplies and the voltage sequencer for the low-energy curved-plate analyzer
shut down. At the i3ame time, the sequencer for the high-energy curved-
plate analyzer skipped forward five data frames and returned to normal
sequencing on the next cycle. After successfully commanding on the se-
quencer and the 3.5-kV power supply, all attempts were unsuccessful in
restoring the 4.5-kV power supply.

Instrument operation continued until about 29 hours after activation,
when the instrument changed its data accumulation mode, and the high-
energy and low-energy sequencer voltages went to zero. The instrument
was immediately commanded into the normal operating mode and the sequenc-
ers commanded back on. At this time, the total ion-detector background
counts were close to 200 counts per accumulation interval and were in-
creasing, indicating a pressure rise with temperature. For this reason
an arc in the 3.5-kV power circuit to the detector was suspected and the
3.5-kV power supply was commanded off. Following lunar noon (13 days
after activation) the 3.5-kV power supply was reenergized and the experi-
ment has remained fully functional. However, daily attempts to command
on the 4.5-kV power supply have been unsuccessful.

The following observations of scientific interest have been detected
during the first 18 days of full operation:

a. The ascent-engine firing
b. Ascent stage impact

c. Presence of sporadic low-energy ion clouds during first passage
through the earth's transition region. One typical event in this region
showed the passage of an ion cloud, the beginning of which was indicated
by both the detection of T50-eV ions and an associated magnetic field
that was sensed by the magnetometer, with the remalnlng ions of the cloud
generally in the energy range of from 30 to 100 eV~ ‘ T

d. Presence of low-energy ions with narrow energy spectra, indi-
cating the ground screen has some influence on incoming thermal ions

e. Presence of very energetic protons and/or alpha particles on
the night side (fig. 3-16)

f. Presence of solar wind ions on the night side

g. A possible sunrise-related pressure wave characteristic of the
moon
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" h. Possible gaseous emission from thé descent stage following sun- -
rise.

The data are too preliminary to jJustify a detailed discussion, and a more
rigorous analysis of these observations will be presented in a later
science report.

3.1.6 Cold Cathode Gage

As expected, the cold cathode gage indicated full-scale response
at activation because of gases trapped within the instrument. After
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about a half hour of operation, the response changed perceptibly from
the full-scale reading. After T hours, the indication had decreased to
sbout 3 x 10" ? torr. At the time of lunar module depressurization prior
to the second extravehicular activity period, the response increased to
at least T x 10 8 torr. The exact value is uncertain because a pro-
grammed calibration, which time shares the data channel, was being per-
formed near the time of maximum pressure. The pressure increase result-
ing from lunar module outgassing is in reasonable agreement with predic-
tions. Whenever a crewman approached the experiment during the second
extravehicular activity period, the instrument response went off-scale,
as expected, because of gases released from a portable life surpert sys-
tem.

The stiffness of the electrical cable Jjoining the cold cathode gage
to the suprathermal ion detector experiment caused saome difficulty -during
deployment of the gage (see section 14.3.5). To avoid this problem the
tape wrap will be eliminated from future experiment packages and will de-
crease the cable stiffness The instrument apparently suffered a cata-
strophic failure after about 14 hours of operation, because of a malfunc-
tion either in the 4.5-kV power supply or in the power-supply switching
mechanism.

3.2 SOLAR WIND COMPOSITION EXPERIMENT

The solar wind composition experiment was designed to measure the
abundance and the isotopic composition of the noble gases in the solar
wind. In addition, the experiment permits a search for the isotopes
tritium (H3) and radioactive cobalt (Co®®). The experiment hardware was
the same as that flown in Apollo 11 and consists of a specially prepared
aluminum foil with an effective area of 0.4 square meter. Solar wind
particles arrive at velocities of a few hundred kilometers per second
and, when exposed to the lunar surface environment, penetrate the foil
to a depth of several millionths of a centimeter, becoming firmly trapped.
Particle measurements are accomplished by heating portions of the returned

~ foil in an ultra-high vacuum system. The emitted noble gas atoms .can be

separated and analyzed in statically operated mass spectrometers, and the
absolute and isotopic quantities of the particles can then be determined.

The experiment was deployed on the lunar surface and was exposed to
the solar wind for 18 hours 42 minutes, as compared to TT minutes for
Apollo 1l. Afterward, the foil was placed in a special Teflon bag and
returned to earth for analysis.
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3.3 LUNAR GEOLOGY

Geological information, in the form of voice descriptions, lunar
surface samples, and surface photographs, was also provided during all
other phases of the surface stay. It appears that the locations and ori-
entations of a significant number of the returned samples can be deter-
mined relative to their positions on the lunar surface; therefore, de-
tailed geologic maps and interpretations can be made from this informa-
tion. A summary of the returned lunar surface samples, compared with the
Apollo 11 samples, is contained in the following table:

Approximate weight, 1b
Material
Apollo 12 Apollo 11
Fines* and chips 12.8 24.2
Rocks 61.0 24.3
Core-tube specimens 0.9 0.3
Total Th.T 48.8

#NOTE: Terms used in this section are defined in
a glossary, Appendix F

3.3.1 Ceology of the Landing Site

The lunar module landed on the southeastern part of the Ocean of
Storms at 110-1/2 hours. The coordinates of the landing site are given
in section 4.3. This portion of the Ocean of Storms mare is dimpled by
many small craters of Copernican and Eratosthenian age, and the landing
site is contained within a broad Copernicus ray. The site is located on
the northeast rim of the 150-meter-diameter Head crater and the northwest
rim of Surveyor crater, in which the Surveyor III unmanned spacecraft
landed on April 20, 1967. See figure 3-1T for a travers: map of the
landing-site area. The surface northwest of the landing site is littered
with debris from a 450-meter crater, informally called the Middle Crescent
crater, the southeast rim of which lies about 200 meters northwest of the
landing site.

On the second extravehicular excursion, the crew visited four craters
of over 50 meters in diameter, and many of smaller size. The character-
istics of eight craters were described, and a variety of material ejected
from each was collected. The crew made numerous comments about smaller
craters and about the surface features between them, including ground
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that mey be underlain by ray material from more distant craters, espe-
cially Copernicus. The rock collections returned to earth contain a
variety of material ejected from local craters visited on the traverses.
These collections included fine-grained materials of both local origin
and from far-distant sources.

Regolith.- During the landing operations, the regolith, or fine-
grained layered material on the lunar surface was only penetrated to an
average depths of about 5 centimeters by the lunar module footpads. The
loose regolith material beneath a crewman's boots compacted into a smooth
surface. Many crew comments concerned the large . amounts of glass con-
teined in this regolith. Beads and small irregularly shaped fragments
of glass were abundant both on the surface of and within the regolith.
Glass is also splattered upon some of the blocks of rock at the surface
and is concentrated within many shallow craters. The crew commented
"Every crater you .... look in, you see glass beads." '

Along many parts of the geology traverse, the crew found a fine-
grained material of relatively high albedo. At some places, this material
is at the surface (for example, near the rim of Sharp crater) but at other
localities is buried beneath 10 centimeters, or more, of darker material
(as on the west side of Head crater and on the outer slope of Bench crater).
This fine-grained material may constitute the deposit which is observed
in the telescope as one of the bright rays of Copernicus.

The darker regolith above the light-gray material is only a few
centimeters thick in some places but probably thickens greatly on the
rims of some craters. The darker regolith appears to show more variation
from.one locality to another than does the light-gray regolith. These
regolith variations include differences in both the size and shape of
the particles and in the observed mechanical properties. Most of these
differences probably result from the effects of local cratering events.
The differences in abundance, size, and angularity of ejected blocks, as
well as the petrologic differences of the rock fragments on and in the
surface regolith, appear to be closely related to local craters from which
some of the blocks have apparently been derived.

Patterned ground was noted northwest of the lunar module, at and —
near Surveyor III, on the outer slopes of Sharp crater, and near Halo
crater. Northwest of the lunar module, this patterned ground was de-
scribed as consisting of linear traces or grooves only about 0.3-centi-
meter deep and probably of the same type shown in Apollo 11 photogreaphs.
The grooves are oriented north-south. These features were also observed
near Middle Crescent crater at a distance of about 200 meters from the
lunar module. Near Surveyor III, however, the lineations were described
as having a generally northwest orientation. This phenomenon correlates
with the patterned ground shown in certain Lunar Orbiter photographs, but
the associated grooves are obviously much larger than those described in
Apollo 12.
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A tentative interpretation of the upper two layers of the regolith
is suggested. The light-gray material which underlies the darker material
quite possibly is ray material related to Copernicus, and the darker rego-
1lith consists partly of debris ejected from local craters younger than
Copernicus. Probably there has been considerable mixing together of ma-
terial from these two sources as a result of subsequent smaller cratering
events. Other processes, such as downslope creep, may also have contri-
buted to this mixing, and later "space weathering" processes may have
contributed to the change in surface albedo.

Craters and block fields.- The supposition that the darker regolith
is largely of local origin is strengthened by crew observations of the
larger local craters and their block fields. Information on the distri-
bution, size, shape, abundance, and petrologic dissimilarity of the blocks
observed in different areas of the traverse is particularly pertinent in
an interpretation of the remainder of the regolith.

Northwest of the lunar module is Middle Crescent crater, the largest
visited. The crew observed huge blocks on its wall, probably derived
from the local bedrock. According to one crewman, blocks on the surface
between this crater's rim and the lunar module consist of "everything from
fine-grained basalts to a few coarse-grained ones."

Both rounded and angular blocks were found on the western edge of
Head crater and described. One rock the size of a grapefruit was tossed
into the crater to excite the seismometer and went skipping and rolling
down the slope in slow motion. Most rock fragments were angular and of
a dark gray color (fig. 3-18). These blocks were reported to be much more
abundant on the rim nearest the crew than on other parts of the rim. Some
rocks appeared to be coarse in grain and their crystals showed clearly,
even when covered with lunar surface material. These crystals were de-
scribed in one of the rocks as being a very bright green, much like a
"ginger ale" bottle. The crystals are obviously basalts and coarser-
grained rocks that were ejected from Head and Middle Crescent craters.

Bench crater appears to show some significant differences in its
..eJecta and morphology. Numerous large blocks were apparently ejected
from this crater, some as large as a meter in length. These rocks, some
angular and others rounded, were estimated to make up 5 percent of the
material surrounding the crater. Material in the bottom of the crater was
reported most likely to be bedrock (fig. 3-19) and appeared to have been
molten at one time. Numerous "glass beads," some of which were collected,
were reported to be on the sides and in the vicinity of this crater. The
crater derives its informal name from a bench-like protrusion located high
on the crater wall and apparently totally free of regolith. This protru-
sion remains unexamined because the steep slope of the crater walls pre-
vented a closer investigation.
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Figure 3-18.- Blocky ejecta near a small crater photographed during the
first extravehicular activity period.
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igure 3-19.- Photograph of Bench crater showing probable bedrock.
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Blocks observed on the south rim of Surveyor crater and near Sur-
veyor III are quite similar to those from Head and Middle Crescent craters.
Angular blocks, some cube- and others brick-shaped, were also noted near
Surveyor III. One rock was described as having shear faces and abrasion
marks on it, and it also contained the bright crystals.

Photographic panoramas were taken across the lO-meter-diameter crater
(informally called "Block" crater) within Surveyor crater. Nearly all the
blocks from this crater were described as sharply angular. The sharp angu-
larity of the blocks suggests that the crater is relatively young.

Sharp crater contrasts strikingly with the blocky-rim craters pre-
viously described. It is a small crater with a rim, less than a meter
high, composed of high-albedo material, which has also splashed out radi-
ally. The core tube driven in the rim of the crater penetrated this ejecta
without difficulty.

The Halo crater area seems to contain a group of small craters that
are without block fields. Little description of this area was reported,
aside from the fact that a patterned ground, with a coarse texture of
ripples and dimples, was present.

The crew reported observing two unusual mounds Just north of Head
crater. The larger of these mounds was scoop-sampled and was later de-
termined from photographs to be about 1.3 meters high, 1.5 meters in dia-
meter at the top, and about 5 meters in diameter at its base (fig. 3-20).
These mounds (fig. 3-21) are probably composed of slightly hardened clods
of fine-graine< material that was ejected from one of the nearby craters.

3.3.2 Mechanical Properties

Crew observations, photography, telemetered dynamic data, and ex-
amination of the returned surface samples permit a preliminary assessment
of the physical and mechanical properties of these materials and a com~
parison with Apollo 11 results.

Descent and touchdown.- Lunar surface erosion resulted from descent-
engine exhaust gases, and dust was blown from the surface along the trace
of the final descent path (see section 6). Examination of sequence-camera
film suggests that this erosion was greater than observed in Apollo 11.
Further analysis is required to ascertain whether this effect resulted
from different surface conditions, a different descent profile, or whether
degraded visibility resulted from a different sun angle.
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Figure 3-20.- Mound just north of Head crater as viewed from the northeast.
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The landing wasi gentle, causing only limited stroking of the shock
absorbers. The plus-Y footpad apparently contacted the surface first
(see section 4.2) and bounced a distance of about one pad-width. The
minus-Y footpad slidl laterally about 15 centimeters and penetrated the
soil to a depth of about 10 or 12 centimeters. The other footpads pene-
rated to depths of from 2 to 5 centimeters, as typically shown in fig-
ure 3-22. Similar penetrations were observed under similar landing con-
ditions at the Apollo 11 site, indicating that the surface material bear-
ing capacities at the two sites are of the same order of magnitude.

Extravehicular activity.- After an initial acclimation period, the
crew encountered no unexpected problems in moving about on the surface.
Traction appeared good, and no tendency for slipping or sliding was re-
ported. Fine surface material was kicked up readily and, together with
the lunar dust that coated most contacting objects, created difficult
working conditions &nd housekeeping problems on board the spacecraft
(section 6).

Footprint depths were of the same order as in Apollo 11, that is,
a centimeter or less in the immediate vicinity of the lunar module and in
the harder lunar surface material areas, and up to several centimeters in
the softer lunar surface material areas. The least penetration was ob-
served on the sides of Surveyor crater. Penetration of the lunar surface
by various handtools and staffs was reported as relatively easy and was
apparently easier than reported for Apollo 11. The staff of the solar
wind composition experiment was readily pushed to a depth of approximately
11 centimeters and the flagpole approximately 17 centimeters. Trenches
were dug to depths of 20 centimeters without difficulty, and the crew
reported that, except for limitations caused by the lengths of the tool
handles (section 9), they could have excavated to considerably greater
depths without difficulty. Vertical sidewalls on these trenches would
cave in when disturted at the top but would remain vertical if left un-
touched.

Core tubes were pushed and driven at three sites (see fig. 3-17);
single core-tube specimens were taken near the lunar module and in the

“bottom of a trench &t Sharp crater, and a double core-tube specimen was

retrieved at Halo crater. In both of the single-tube specimens, the tube
was easily driven to its full depth. The double core-tube specimen was
taken to a depth of approximately TO centimeters. The core tubes were
easily withdrawn, and the holes remained open unless disturbed. The in-
terior design of the core-tube bits was different from that of Apollo 11,
in that the Apollo 12 internal diameter was constant. This redesign prob-
ably contributed to the ease with which they were driven.

No change in the texture or consistency of the lunar material with
depth was observed during trenching or the driving of core tubes. As
expected, the subsurface material is darker than the surface material,
except in the area just northwest of Head crater where the subsurface
material was lighter.
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Figure 3-22.- Detail of lunar module minus Z footpad showing disturbance of
of fine-grained material as viewed from the east.
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The following ccnclusions regarding three distinct areas, in terms
of lunar material texture and behavior (fig. 3-17), were made by the crew:
(1) the region between Halo and Surveyor craters, including the inside
. slope of Surveyor crater, has the firmest surface material and the appear-
- ance of ground upon which light rain has fallen; (2) the vicinity of Sharp
crater has the softest surface material and permits the deenest footprints;
and (3) the vicinity of the lunar module has lunar material intermediate in
character. The probing of portions of the protruding features described as
"mounds"” revealed a composition of fine-grained compacted material which
crumbled easily.

Examination of the photographs taken at the Surveyor III site
(figs. 3-23 and 3-2L4) suggest that the lunar surface has undergone little
change in the past 2-.1/2 years. The trenches excavated by the lunar ma-
terial sampling device on Surveyor, as well as the waffle pattern of the
Surveyor footpad imprint, appear much the same as when formed on Surveyor
landing (fig. 3-25). Many of the Surveyor components (fig. 3-26) were
observed to be coatecd with a thin layer of dust, but some other process
could also have discolored them. The results of a detailed postflight
examination of the Surveyor components returned to earth will be published
in a separate science report (see appendix E). The Surveyor components
returned were a cable, a painted tube, an unpainted tube, the television
camera, and the scoop.

Examination of returned samples.- Four kilograms of lunar surface
material having a grain size of less than 2 millimeters in length was
returned and this was much less than the 11 kilograms returned from
Apollo 11. The lunar surface samples available for study are: (1) lunar
surface material mixed with and adhered to the rock samples in both the
selected and documented sample boxes; (2) five individual documented lunar
material samples; (3) the contingency sample; and (L4) the contents of four
core-tube specimens. A cursory examination of returned samples indicates
a very fine, dusty, charcoal-gray lunar material similar to that returned
from Apollo 11.

oo ———— . Only one of the documented lunar surface material bags has been open-
ed. This sample was taken in a trench dug in the northwest quadrant of
Head crater and has a distinctly different color from the other lunar ma-
terial samples in that it is light gray, similar to the color of cement.
The lunar material in the contingency sample bag weighs approximately
1100 grams but has not yet been examined.

Thus far, only one core-tube sample, that taken during the first
extravehicular excursion in the vicinity of the lunar module, has been
opened and examined. This core sample was 19.l4 centimeters long, and its
average bulk density was calculated to be 1.73 grams/cm3. The Teflon fol-
lower was found to be wedged in one-half of the inner split-tube. Because
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the core tube was driven into the lunar surface to its entire length of

35 centimeters, the stuck follower probably prevented a longer sample from
being recovered. The medium to dark-gray color of the core sample was
essentially the same as that seen in Apollo 11. The grain size distribu-
tion was also similar, with about 50 percent of the sample being finer
than 0.08 millimeter.

NASA-S-70-547

Figure 3-23.~ Surveyor IIT photographed from the south.
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(a) Surveyor television photograph transmittedsoon after {b) Apollo 12 photograph (November 1969).
landing (April 1967).

1
i

Figuré 3-25.- Detail of a Surveyor Il footpad showing imprints and local surface conditions.
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3.3.3 Geologic Handtools

The handtools used during extravehicular activity were nearly iden-
tical to those for Apollo 11, and their performance is discussed in sec-
tion 9. One aspect not reported by the crew was the difficulty in deter-
mining from voice communications whether the crew was reporting the letter
B or D from the sample bag numbers. For future missions, the bags will
be identified so that when the number is reported by voice, it is not
ambiguous when received on the ground.

3.4 EXAMINATION OF RETURNED SAMPLES

The bulk of the preliminary examination planned for returned lunar
samples has been completed, and precautionary exposure of all the biolog-
ical test systems has been conducted so that sample release can occur on
schedule.

3.5 PHOTOGRAPHY

During the mission, all but two of the total of twenty-five TO-mm
and 16-mm film magazines carried on board were returned exposed. A par-
tially exposed TO-mm magazine had jammed and was inadvertently left on
the lunar surface, and one 16-mm magazine was not used. Approximately
53 percent of the suggested targets of opportunity from lunar orbit were
photographed.

3.5.1 Photographic Objectives

The lunar surface photographs included:

—wonm — B.. Long-distance photography from the command module during trans-

lunar and transearth coast for documentation purposes

b. Surface photography from lunar orbit, including multispectral
strip photography and selected targets of opportunity for selenographic
purposes and for use in planning and training for future missions

c. Photography of the lunar surface during descent and ascent

d. Sextant photography of the Lansberg area from orbit

e. Photography of the lunar module and experiment equipment

f. Photography of the crew performing various lunar surface tasks
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g. Photography of the surface environment

h. Panoramic and stereo photographs of samples, sample areas, seleno-
golic features, and the traverse regions for documented scientific study

i. Photography of selected portions of the Surveyor III spacecraft
and surrounding surface.
3.5.2 TFilm Description and Processing
Special care was taken in the selection, preparation, calibration,

and processing of film to maximize returned information. The types of
film included and exposed are listed in the following table: .

Film asa Resolution, lines/mm
Film type size, | Magazines High Low
speed
m contrast contrast
S0-368, color 16 12 6k 80 35
TO 2
S0-168, color 16 2 a 63 32
TO 2
S0-16L4, black and white 16 1 10 170 65
3400, black and white 70 L Lo 170 T0
S0-26T7, black and white T0 2 278 85 38

aExposed and developed at ASA 1000 for interior photography and
ASA 100 for lunar surface photography.

3.5.3 Photographic Results

Orbital photography.- For the first time during an Apollo mission,

areas of the western portion of the moon's front face were in sunlight.
This illumination permitted a large amount of photographic coverage which
complements previous results.

Two terminator-to-terminator photographic strips were accomplished
using the TO-mm still camera with an 80-mm lens. The camera was mounted
on a bracket in the rendezvous window and timed by an intervalometer,
which triggered exposures every 20 seconds. One strip, extending from
122 degrees east to 52 degrees wezt longitude along the lunar ground
track, was taken on the 40th lunar orbit revolution. The second strip,
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. taken during revolution 4L, was stopped at 37 degrees east longitude be-
- cause of the necessity to accomplish landmark tracking and to repeat some
Py high-resolution photography in the next revolution. The quality of the
strips, including overlap, exposure, and simultaneous 16-mm sextant photo-
i graphy was good and fulfills the intended mission objectives (see sec-
- tion 12).

Three potential landing sites, near the lunar surface areas Fra Mauro,

. Descartes, and Lalande, and their approach paths were photographed in
stereo on one of the 80-mm strips with the 500-mm-lens. The imagery is
considered, at best, of fair quality. While window and lens transmission
effects, as well as possible lens vibrations, affected the quality of the
photography, the main cause was the high sun angle resulting from the
photographs being taken on a later orbit than planned. The high sun angle
created a softer image with less shadow definition, which naturally de-
grades the information content.

Fra Mauro was photographed with the 80-mm lens at a low sun angle,
which shows the amount of shadow that can be expected during a lunar land-
ing at this site.

The 16-mm photography taken from the command module includes good
lunar surface strips taken from the window and through the sextant, track-
ing sequences through the sextant, and certain lunar module orbital ma-
neuvers. Included are strips showing Lalande, Descartes, Fra Mauro, and
the Apollo 12 landing area.

Surface Photography.- The lunar terrain over which the lunar module
traveled during descent was documented by the 16-mm sequence camera.
Lunar surface visibility during descent and the obscuration by dust Just
prior to landing are illustrated in this film sequence (fig. 6-1). The
TO-mm film exposed on the surface, when not affected by sun glint on the
lens or surface washout by sunlight, was generally of good quality.

Crew activities and lunar surface features near the lunar module,
the experiment package, and those observed during the two extravehicular
excursions were well documented by still-camera short sequences and by
- a number of panoramic views.

3.6 MULTISPECTRAL PHOTOGRAPHY EXPERIMENT

Inspection of the prints from the multispectral four-camera photog-
raphy array indicates that the experiment was performed as planned. In
addition to photography of three planned targets of opportunity using the
experiment camera, continuous vertical strip photography was obtained from
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the command module from 118 degrees east to 14 degrees west longitude. A
total of 1kl pictures was taken with each of the red-, green-, and blue-
filter cameras and approximately 105 with the infrared-sensitive camera.
Included in the frames are a wide variety of lunar surface features, which
should allow an excellent demonstration of the multispectral techniques
developed in Apollo 9 (see reference 3) for lunar application. The lunar
multispectral photography will provide the first high-resolution look at
subtle color variations on the lunar surface, as well as the first study
of color behavior at and near the zero-phase point.

An error in the preflight determination of exposure settings resulted
in overexposure of approximately 30 frames in the second portion of pho-
tography conducted during the twenty-seventh lunar orbit revolution. How-
ever, almost all the data in these frames are recoverable, since maximum
and minimum densities for all frames generally fall within the straight
line portion of the film characteristic curve.

The assigned targets of opportunity did not fall in the center of
the frame for photography of the potential landing sites Descartes and
Fra Mauro. Although the targets are within the frames, the misalignment
of the spacecraft was on the order of 10 or 15 degrees.

3.6.1 Petrology

The samples are composed primarily of igneous rocks exhibiting a
wide variety of textures and compositions. The rocks range from fine-
grained scoria, clearly of volcanic origin, to coarse-grained pegmatitic
gabbros. Differences in texture and major components suggest that the
collection represents a series of cumulates in a stratified flow of ba-
saltic composition.

Modal compositions range from anorthositic to rocks containing 30 per-
cent olivine. Opaque content is variable but generally lower than for the
Apollo 11 samples.

Ilmenite, trachyte, and free iron occur, indicating a nearly non-
existent or absent oxygen environment during crystallization. High-tem-
perature quartz polymorphs occur in many of the igneous rocks. Sanidine
has been identified in one of the breccias.

The mafic minerals, olivine and pyroxene, indicate a high-tempera-
ture environment at one time. Olivine is fayalitic, and some grains con-
tain 5 moles of calcium oxide, a high-temperature composition. Pigeonite
is the dominant pyroxene and is iron rich, also indicating a high tempera-
ture in the parent melt.

No indication of hydrous alteration of any samples has been observed.
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Samples of fines in the documented sample return container have struc-
tures suggestive of explosive volcanic origin. Several fragments appear
to be pumice, and their color is generally lighter than for typical lunar
soil.

3.6.2 Chemistry

Emission spectrographic analyses have been completed on a series of
igneous rocks and several samples of fines. ©Silicon dioxide content
averages U0 percent. Titanium dioxide content ranges from 3 to 5 percent
in the igneous rocks and as high as 8 percent in the fines. Potassium
oxide content is generally low, ranging from 0.04 to 0.08 percent. No
potassium oxide was detected in several tested samples. These valves
are considerably lower than values for Apollo 11 samples. '

Uranium and thorium concentrations in the igneous rocks are unusually
uniform. Uranium averages 0.24 parts per million and thorium 0.9 parts
per million, values which are considerably less than for Apollo 11. How-
ever, radioactive potassium, uranium, and thorium contents are signifi-
cantly higher in a breccia sample than for Apollo 11.

The total carbon contents in a sample of igneous rock and part of
the biocontrol sample were reported as approximately 100 parts per mil-
lion (probably representing indigenous material) and approximately 600
parts per million, respectively, and these quantities represents a sig-
nificant amount of carbon contamination incurred during processing.

A noble gas analysis indicates amounts of rare gases similar to the
Apollo 11 results. Although argon measurements, coupled with potassium
values, suggest that the Apollo 12 site is somewhat younger than the
Apollo 11 site, the exposure ages ranging from 10 to 100 million years
are comparable to Apollo 11.
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4.0 LUNAR DESCENT AND LANDING

The factors influencing the selection of the Apollo 12 landing site,
the actual landing operation, and the final determination of the landing
- site coordinates are discussed. A more detailed discussion of the land-

ing site selection process will be published in a supplemental report
(see appendix E).

4.1 LANDING SITE SELECTION

Two major considerations influence the selection of lunar landing
sites: (1) operational and scientific objectives, and (2) launch window
factors, which are related to both spacecraft performance and operational
constraints. This section discusses those aspects of landing site selec-
tion significant to Apollo 11 and 12 mission planning.

4.1.1 Site Selection Criteria

Landing site selection for any lunar mission involves the considera-
tion of various operational constraints, crew training requirements,
terrain analyses, constraints on the preparation of support products
(such as maps and models), and mission objectives. Because of the lead-
time necessary to meet several of these requirements, the Apollo 12 site
had to be chosen prior to the Apollo 11 launch. The site chosen had to
be such that it could take advantage of arn Apollo 11 success and thereby
represent the next reasonable step in the lunar exploration program; at
the same time provisions had to be made to land at a less ambitious site
in the event Apollo 11 was not successful. The discussion of this selec-
tion process and its evolution will be presented in detail in a supple-
ment to the mission report (appendix E).

.- Because of a lead time of 5 months prior to launch, the initiation
weeooo o ——....time for lawich-vehicle targeting corresponding to an Apollo 12 November
launch occurred before Apollo 11 lift-off. After the Apollo 11 success,
site selection for Apollo 12 was greatly simplified. Of the four candi-
dates (sites 2, 3, 5, and T), site 5 was the most desirable backup site
for Apollo 12. Site T was selected based on satisfying all the selection
criteria, including bootstrap photography of a leading landing-site can-
didate for Apollo 13 (Fra Mauro) and an opportunity to land next to a pre-
viously landed spacecraft (Surveyor III).

The Surveyor III site was located in a fairly distinct pattern of
surface features which are necessary to the crew's ability to recogniize
and redesignate to the target. Figure 3-2L illustrates how effectively
the goal of landing near the Surveyor was achieved.
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4.1.2 Launch Window Factors

There are a number of considerations which determine the unique time
periods, called launch windows, from which a lunar landing mission can be
flown. These considerations include illumination conditions at launch,
launch azimuth, translunar injection geometry, sun elevation angle at the
lunar landing site, illumination conditions at earth landing, and the
number and location of lunar landing sites.

The time of lunar landing is essentially determined by the location
of the lunar landing site and by the acceptable range of sun elevation
angles (fig. 4-1). The range of acceptable sun elevation angles is from
S to 14 degrees and in a direction from east to west. Under these condi-
tions, visible shadows of craters aid the crew in recognizing topograph-
ical features. When the sun angle approaches the descent angle, the mean
value of which is 16 degrees, visual resolution is degraded by a 'washout"
phenomenon where backward reflectance is high enough to eliminate contrast.
Sun angles above the flight path are not as desirable because shadows are
not readily visible unless the sun is significantly outside the descent
plane. In addition, higher sun angles (greater than 18 degrees) can be
eliminated from consideration by planning the landing one day earlier
where the lighting is at least 5 degrees. Because lunar sunlight inci-
dence changes about 1/2-degree per hour, the sun elevation angle restric-
tion establishes a l6-hour period, which occurs approximately every
29.5 days, when landing at a given site can be attempted. The number of
earth-launch opportunities for a given lunar month is of course equal to
the number of candidate landing sites.

The time of launch is primarily determined by the allowable variation
in launch azimuth and by the location of the moon at spacecraft arrival.
The spacecraft must be launched into an orbital plane that contains the
position of the moon and its antipode at spacecraft arrival. A 3k-degree
launch-azimuth variation affords a launch period of approximately U4 hours
30 minutes. This period is called the daily launch window and is the time
that the direction of launch is within the required range to intercept the
moon.

Two launch windows occur each day; one is available for a translunar
injection out of earth orbit in the vicinity of the Pacific Ocean and the
other in the vicinity of the Atlantic Ocean. The injection opportunity
over the Pacific Ocean is normally preferred because it usually permits

a daytime launch.
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Figure 4-1.- Sun elevation angle for lunar landing.
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4.2 DESCENT GUIDANCE AND CONTROL

While the lunar landing procedures and profile were generally simi-
lar to those of Apollo 11, the landing was intended to be a precision
operation and a number of changes were incorporated primarily to reduce
landing point dispersions. To eliminate related orbit perturbations, a
soft undocking was performed with the spacecraft oriented radially with
respect to the lunar surface. Also, physical separation of the spacecraft
was performed using the service module reaction control system, and the
lunar module 360-degree yaw maneuver and active stationkeeping activities
were deleted. Because the landing point designator was to be used during
the final stages of descent to facilitate manual redesignation of the tar-
get, a calibration was performed by sighting on a star at the elevation
angle for which the descent trajectory was designed. To minimize the
effect of accelerometer bias errors, the residuals following descent orbit
insertion were not trimmed but were reported to the ground to be accounted
for in a subsequent state vector update. The pitch-attitude drift check,
which was performed on Apollo 11 by having the computer automatically point
the telescope at the sun, was not required for Apollo 12 because a more
accurate drift check was made prior to undocking. The more westerly land-
ing site for Apollo 12 provided additional time between acquisition of
signal and powered descent initiation; therefore, a state vector update
could be made based on the previous revolution tracking and the confirmed
descent orbit insertion residuals. In addition to this data-link update,
the capability for manually updating the landing-site coordinates was pro-
vided, based on a voice update from the ground after starting powered
descent. Descent was initiated in a face-up attitude; therefore, a 180-
degree yaw maneuver was not required after ignition. Because of this
face-up attitude, no landing point altitude check, downrange position
check, or horizon attitude check were performed.

Flight plan changes from Apollo 11 after touchdown included two
rendezvous-radar tracking passes of the command module: one immediately
after touchdown and the other Jjust prior to ascent. In addition, the
primary and abort guidance systems were powered down on the surface to
conserve power. ~— T T nommmmmmmmmmemmmmommmemm o o o ST

4.2.1 Preparation for Powered Descent

Table 4-I contains a sequence of events for the lunar landing phase.
System power-up and primary and abort guidance system alignments and
drift checks all proceeded according to plan. An accelerometer bias up-
date was performed as scheduled. Undocking and separation were also nom-
inal, and the post-separation optical alignment of the inertial measurement
unit indicated drifts well within allowable limits. Descent orbit inser-
tion was reported on time with the following velocity residuals:
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Descent orbit insertion velocity residuals, ft/sec

Axis
Primary guidance Abort guidance
X 0] 0.3
0.2 0.1
z -0.6 -0.6

The Doppler residuals measured on the ground at acquisition of
signal following descent orbit insertion indicated a downrange error of
L4400 feet, end the initial output of the Network powered flight processor
indicated a downrange error of 4200 feet. Therefore, a downrange landing
point correction of 4200 feet was transmitted to the crew and inserted
into the guidance computer approximately 1.5 minutes after ignition for
powered descent.

TABLE L-I.- POWERED DESCENT SEQUENCE OF EVENTS

Time,

hr:min:sec

Event

110:
:02
:13
114
1k
:15
:16
116
:20
:20
:20
:20
:20
:20
21
22

110
110
110
110
110
110
110
110
110
110
110
110
110
110
110

110:
124
24

110
110

110:
124
24
126

110
110
110

00

22

2k

:28
:25
:39
37
(4
:23
:29
:45
:03
:08
:31
133
:37
:38
:05
:03
27
:00
:0k
:09
25
:31
:08

Braking phase program (P63) entered

Braking phase program (P63) exited

Start abort guidance system initialization

Abort guidance system initialization completed
Request rendezvous parameter display (Verb 83) called
Request rendezvous parameter display (Verb 83) terminated
Coupling display unit zero started

Coupling display unit zero completed

Display keyboard assembly blank (time to ignition - 35)
Average-g on (time to ignition -29.9)

Ullage (time to ignition =-T.5)

Enable engine {Verb 99) ——m—n e o
Ignition permitted

Ignition

Throttle up

lLanding site correction (Noun 69) initiated

Landing site correction (Noun 69) entered

Landing radar altitude lock

Landing radar velocity lock

Permit landing radar updates (Verb 57) entered
State-vector update &allowed

Permit landing radar updates (Verb 57) exited

Abort guidance system altitude update
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TABLE L4-I.- POWERED DESCENT SEQUENCE OF EVENTS - Concluded

Time,

. Event
hr:min:sec

110:26:24 | Velocity update initiate

110:26:39 | X-axis override inhibited

110:27:01 | Throttle recovery

110:27:26 | Abort guidance system altitude update
110:29:11 | Approach phase (P64) entered
110:29:14 | Landing point designator enabled
110:29:18 | Landing radar antenna position 2
110:29:20 | Abort guidance system altitude update
110:29:44 | Redesignation right

110:29:47 | Landing radar low scale

110:30:02 Redesignation long

110:30:06 | Redesignation long

110:30:12 Redesignation right

110:30:30 | Redesignation short (2)

110:30:42 | Redesignation right

110:30:46 | Attitude hold

110:30:50 | Rate of descent landing phase (P66) entered
110:31:18 | Landing radar data dropout

110:31:24 Landing radar data recovery
110:31:27 Landing radar data dropout

110:31:37 Landing radar data recovery

110:32:00 | Landing radar data dropout

110:32:04 Landing radar data recovery

110:32:35 Engine off

110:32:36 | Touchdown

4.2.2 Powered Descent

The ignition sequence for powered descent was nominal and occurred
on time.-- The desired landing site was approximately 5 miles south of -~ -
the orbital plane; therefore, an initial roll angle of minus 4 degrees
resulted as the spacecraft was steered to the left by descent guidance.
Figure L4-2 (a) is an altitude-versus-altitude-rate profile for data from
the primary and abort guidance systems and the tracking network, and fig-
ure 4-2 (b) is a plot of altitude and altitude rate-versus time for the
primary guidance system. Figures L4-3 and 4-4 show similar comparisons of
horizontal and lateral velocity. The data show close agreement between
all sources and indicate excellent systems performance. Lateral velocity
reached a maximum of T8 feet per second approximately 5 minutes after

ignition. This large out-of-plane velocity resulted from the 5-mile cross-

range steering required during descent. Figure L-5 shows a comparison of
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Figure 4-3. - Horizontal velocity during descent.
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the commanded thrust level versus horizontal velocity for the primary
guidance system with that predicted by the preflight operational trajec-
tory. The actual thrust command profile was below nominal because the
h200-foot update in landing position resulted in early throttle-down.

Landing radar acquisition in altitude occurred at 41 438 feet and in
velocity L4 seconds later at an altitude of 40 100 feet, which was well
above that predicted before flight. Figure L-6 contains the altitude-
difference time history between the altitude measured by the landing radar
and that contained in the onboard guidance system. The initial difference
of approximately 1700 feet converged to about 400 feet within 30 seconds
after radar updates were enabled and to approximately 100 feet within
2 1/2 minutes. Radar data remained stable until at 80 seconds before
touchdown the two rear velocity beams entered regions of zero Doppler.

As expected, a limited degradation of altitude and velocity data existed
from this point until touchdown.
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Figure 4-T7 contains a time history of pertinent control system pa.--
rameters during the powered descent phase. The dynamic response of the
spacecraft was nominal throughout this phase, although the crew reported
an unexpected amount of reaction control system activity. The following
table indicates that reaction control propellant utilization was very
close to that evident in preflight simulations of the automatic phases
of descent.

Reaction control propellant used, 1b
Phase
Predicted " Actual
Braking 15.2 15.7
Approach 16.9 16.3
Landing * 60.3

*Nominal flight planning only accounts for automatic system usage.

The automatic transition to the approach phase at high-gate
(fig. 4-8) occurred at the near-nominal conditions of 6989 feet in alt:-
tude and 170 ft/sec in velocity. Following the pitchover maneuver, which
was performed automatically to provide landing site terrain visibility,
the computer began providing landing-point-designator elevation look
angles. The crew reported that the displayed look angle was on target
and that the series of craters in the configuration of a "snowman" was
immediately visible (fig. 4-9). Figure L4-10 contains a time history of
landing-point-designator look angles. Seven redesignations of the land-
ing site were manually commanded by displacing the rotational hand con--
troller out of detent in the desired direction. The effect of these
control inputs on the landing point is indicated graphically and on the
site map in figure 4-11. The total effect was to redefine the automatic
target point 718 feet to the right and 361 feet downrange of the initial
target. During final descent, the lunar module traveled approximately
1500 feet downrange, or about hOO feet less than the automatic target

_which existed after the seven manual redesignations. -

The landing phase was performed manually, as expected, with an entry
into the final-descent computer program (P66) at approximately 368 feet
in altitude and at a descent rate of minus 8.8 ft/sec. The Commander
reported that a check of the cross-pointers was made during this period.
and that zero velocity readings on the downrange and crossrange indica-
tors was obtained on both the high- and low-sensitivity scales. The hcor-
izontal velocity measured by the primary guidance system is compared with
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Figure 4-9.- Apollo 12 landing site.

-



Landing-point-designator angle, deg

80

70

60

50

40

30

20

[N

.
A : B i o b LV W bl ST B

NASA-S-70-563
A
\\\\J\\\\\\\\\\\ L\\\\\}\w\\\\\\\\\\\w\\\\m\\\\\\\m\\\\k\\\\x\\\\\\\\\w\\
\
1
1
|
\
!
\ \ /-Planned
)
" ‘V\—'\ - — = — - — - = —_—— |
/4 /—""'\
Actual—// \\_, f’\/—'/
Begin approach phase
P-64 initiation ; Landing phase
110:29:09 i » initiation (P-66)
1}8:29:10 29:20 29:30 29:40 29:50 30:00 30:10 30:20 30:30 30:40 3'0:50

i
i Time, hr:min:sec

Figure 4-10.- Comparison of landing point designator angle and time during the approach phase.

6T-h




Altitude, ft

Crossrange distance, ft

NASA-S-70-564

800 8 B : - -
Time to Descent Forward A : : :
landing, rate, velocity, - : : : :
L.l sec ft/sec ft/sec H : : : 3
110 9 19 5060 7080 90 100 110 seconds to landing A
100 5 50 e |
400 ~ 90 5 28 | —
80 1 9 ot [ e _— .
T0 6 12 ’,-—-" \na E
™ 60 6 12 == ¥
50 6 8 /’
Lo 2 3 :
0 - u
|
800 ' Seventh o I !
Fourth — T iBegin landing phase
e B - ST PR el £p-66 initiation
I Fifth Sixth T Land||ng '-E‘.'-—._ :
400 — | =—ug First redesignation ;
Third Second Surveyor :
i Initial automatic: landing point :
-
4 _ Actual ground track
j after 4200 - ft update -~ —-—— Projected automatic descent
0 e — =L anding-point-designator target movement
1200 800 400 0 400 800 1200 1600 2000 2400 2800

Downrange distance, ft

Figure 4-11.- Landing phase altitude and range histories.

‘_l—.

(a) Altitude and range from landing site.

Uprange distance, ft

|
|
|
t
]
|
!
i
i
|

oe-f



Crossrange distance, ft

NASA-S-70-565
ES 400 ! le
= landing
0
400
o] ’ Actual ground track
5800 - Poctat o ack |
@ e e 8 @ITLORE b @ Landing point designator
target movement y
1200 -~

| 1
800 1200 1600 2000 2400

East’ Downrange distance, ft ’ West

( (b) Ground track map.

1 Figure 4-11.~ Concluded.

1e-%




L-22

altitude in figure L4-12, which indicates the descent was essentially ver-
tical from the 50-foot altitude and that the horizontal velocity displayed
was less than 1 ft/sec at times. The display is serviced by the computer
every 0.25-second in 0.55-ft/sec steps. If the Commander's observation
was made with an actual velocity of less than 1 ft/sec, it is possible
that a near-zero reading could have existed. There are no data indica-
tions of abnormal hardware or software performance associated with the
cross-pointers, and the pointers operated properly during ascent.
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Figure 4-12.- Altitude and velocity calculated onboard during the final descent phase.
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Figure 6-1 contains a sequence of out-the-window photographs showing
the effect of dust on visibility during the final phases. Section 4.3
contains a discussion and presentation of the actual landing site coordi-
nates, and section 8.7 summarizes the descent propulsion system perform-
ance and operational margins.

4.,2.3 Landing Dynamics

Figure U4-13 contains a time history of attitude rates near lunar
touchdown, which occurred with first footpad contact at 110:32:36. The
vehicle came to a stable rest within 1.5 seconds of this time. The de-
scent engine stop button was activated approximately 1.3 seconds prior
to first pad contact, and the engine thrust was consequently in a tran-
sient decay at the time surface contact occurred. The vertical velocity
at the time the engine stop button was activated was approximately 0.4 ft/
sec downward and increased to about 3.2 to 3.5 ft/sec before first footpad
contact. At the time of contact, the forward velocity was approximately
1.7 ft/sec, with a lateral velocity to the crew's left of about 0.4 ft/
sec. The final resting attitude, as viewed by the crew, was 3 degrees up
in pitch and a 3.8-degree roll left, which indicates a surface slope of
about 4 or 5 degrees downward to the left and rear of the crew. Pitch
and roll attitudes at contact were approximately 3 degrees down and
1.4 degrees left, respectively. The primary spacecraft motion during
landing was a pitching motion from the 3-degree pitch-down attitude to
the final 3-degree pitch-up attitude, with a maximum pitch rate during
this period of 19.5 deg/sec. This pitching motion was accompanied by a
slight left roll and right yaw motion, with maximum rates on these axes
of 7.8 and 4.2 degrees per second, respectively.

Digital computer simulations of the touchdown indicate that all pri-
mary strut strokes were less than 2.5 inches and secondary strut strokes
were less than 4.5 inches. Maximum vertical and lateral accelerations
during touchdown were less than 1 and 0.2 g, respectively. The coeffi-
cient of friction between the footpad and the lunar surface was approxi-
mately O.4. The landing was very stable from a tipover standpoint, since

-the maximum angle between the spacecraft vertical axis and the local grav-

ity vector did not exceed 4 degrees. The conclusions from the computer
simulations of the landing dynamics are substantiated by crew comments
and photographs of the landing gear and local surface.

RSV PRy P R U VO W g



L2k

Roll rate, deg/sec

Pitch rate, deg/sec

Yaw rate, deg/sec

NASA-S-70-567

20
in
|
10 :
l
. ;
5
N
R
VAN A
VN T
-5
> {
|
N
0 o e e, N |
=N
i
-5 |
il
~10 mgl'
5 J I
I ‘\
. | N
i
B} "
110:32:28 :32:30 :32:32 :32:34 :32:36 :32:38

Figure 4-13.- Expanded plot of attitude rates during landing.

Time, hr:min:sec

:32:40




~fe

-~

PR SRR - S 5t M—n“. .

i e A o ok

4-25
4.3 LANDING SITE COORDINATES

Once the most valid reference map is chosen for a given landing site,
the target coordinates and landing ellipse are given to trajectory ana-
lysts for preflight determination of spacecraft performance requirements
and generation of reference trajectories. Prior to generation of the
reference trajectories, the landing coordinates are converted into the
inertial reference frame of the onboard guidance system through a
reference-system transformation. The onboard targeting is therefore
somewhat modified from the original coordinate reference to maintain
consistency with onboard software. During the flight as tracking and
navigation data become available, targeting coordinates may be further
modified to account for known deficiencies in the lunar potential model
and other constants. The location of the landing site relative to the
lunar module, once it is separated from the command module, is computed
in real time during lunar orbit, and the final targeting values are trans-
mitted to the lunar module computer on the landing pass. The landing site
position is biased from the preflight values to correct for errors in the
location of both the landing site and the lunar module, based on lunar
orbit navigation data. Therefore, it is not meaningful to compare stored
landing coordinates with the actual site location because of the various
transformations and targeting biases which have necessarily taken place.
The entire real-time navigation and guidance operation, including ground-
based computations and updates, proved the capability to perform a preci-
sion landing at a designated location.

Insofar as the landing site was concerned on Apollo 11, the only
objective was to achieve a safe landing anywhere in the vicinity of the
preselected landing area. For Apollo 12, however, considerable attention
was devoted to achieving touchdown in close proximity to the targeted
landing point. This preselected point was established coincident with
the Surveyor III location, as shown in figure L4-14 and referenced to the
Surveyor III Site Map (first edition, January 1968). Normal navigation
uncertainties and guidance dispersions were expected to displace the
actual automatic landing location sufficiently away from the Surveyor

- and the crater containing.it that no landing hazard was presented the

crew. In addition, if the descent path were exactly nominal, the crew
could apply manual site redesignation in ample time to land outside the
Surveyor crater. Actually, as discussed in the previous section, the
unperturbed (automatic) descent trajectory was very close to nomiral
(170 feet south and 380 feet west of Surveyor), and the crew elected to
over-fly the crater to the right side, eventually touching down very near
its far rim. The final landing location, which was 535 feet from the
Surveyor, was influenced by the preflight consideration that the landing
occur outside a 500-foot radius of the target to minimize contamination
of the Surveyor vehicle by descent engine exhaust and any attendant dust
excitation.
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The location of the actual touchdown point was first determined in
real time from crew comments regarding surface features in the proximity
of the vehicle:. This determination was then confirmed from a variety of
sources, including rendezvous radar data, ground tracking, onboard guid-
ance parameters, and sextant sightings from lunar orbit. None of these
sources, taken separately, are precise enough to establish within a few
feet the location of the landing site with respect to known features.

The primary sources of information for locating the landing site
during postflight analysis were the onboard sequence camera photographs
(figs. 4-9 and 6-1) and triangulation from surface photography (for ex-
ample, fig. 3--24). During preflight training, the crew used a series
of craters, which approximated the shape of a "snowman" (fig. 4-9), to
aid in their recognition of Surveyor crater during descent. The parts
of this figure show first, the image used in preflight training exercis-
es; second, the actual "snowman," as photographed during descent; and
third, an artist's sketch to aid in locating the '"snowman" from the actua:
photograph.

These information sources produced the actual landing site coordi-
nates, as referenced to the Surveyor III Site Map (first edition, January
1968), of 3 degrees 11 minutes 51 seconds south latitude and 23 degrees
23 minutes T.! seconds west longitude. Other postflight data sources,
including the best estimated trajectory and the reduced navigation data

from the onboard guidance system, in general confirm this final landing
location.

It should be noted that the stated coordinates are not valid for
other reference maps because of variations in the grid coordinates from
one map to another. That is, on larger scale maps in which the "snowman"
and, in particular, Surveyor crater are visible, use of the reported land-
ing site coordinates will not place the touchdown location in the same
position relative to landing site features.
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5.0 TRAJECTORY

The trajectory profile for this mission was similar to that for
Apollo 11, except for the inclusion of a non-free-return translunar piro-
file and the deorbiting of the ascent stage after rendezvous. In addi-
tion, Apollo 12 had as an objective the demonstration of techniques for
a precision lunar landing.

The analysis of the trajectory from lift-off to spacecraft/S-IVB
separation was based on launch vehicle onboard data, as reported in ref-
erence 5, and from Network tracking data. After separation, the actual
trajectory information was determined from the best estlmated trajectory
generated from tracking and telemetry data.

The earth and moon models used for the trajectory analysis are geo-
metrically described as follows: (1) the geodetic earth model is a
Fischer ellipsoid and the earth potential model is a fourth-order exran-
sion which expresses the oblateness and other effects; and (2) the lunar
potential model, new for this mission, describes the non-spherical pcten-
tial field of the moon. This model, termed L1, is essentially the Rz
model used previously but with an extra term added to permit improved
determination and prediction of latitude and orbital period. The new L1l
potential function is defined in a published revision to reference 6.
Table 5-I is a listing of major flight events, and table 5-II defines the
trajectory and maneuver parameters.

TABLE 5-I.- SEQUENCE OF EVENTS

Range zero - 16:22:00 G.m.t., Nov. 1k, 1969

Lift-off 00:00:00.7
S-IC outboard engine cutoff 00:02:41.7
S-1C/S-11 separation 00:02:L42.4
S-11 engine ignition (command) —— - -————— — - 00:02:44.2
Launch escape tower Jettison 00:03:21.6
S-II engine cutoff 00:09:12.4
S-IVB engine ignition (command) 00:09:15.6
S-IVB engine cutoff 00:11:33.9
Translunar injection maneuver 02:47:23

S-IVB/command and service module separation 03:18:0¢%

Translunar docking 03:26:5%
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TABLE 5-1I.- SEQUENCE OF EVENTS - Concluded

Spacecraft ejection

S-IVB separation maneuver
First midcourse correction
Lunar orbit insertion

Lunar orbit circularization
Undocking

First separatiéﬁ»méﬁéuver-
Descent orbit insertion
Powered descent initiation
Lunar landing

First extravehicular egress

First extravehicular ingress

First lunar orbit plane .change

Second extravehicular.egress

Second extravehicular ingress

Lunar lift-off

Coelliptic sequence initiation

Constant differential height maneuver
Terminal phase initiation

Lunar orbit docking

Ascent stage jettison

Second séparation maneuver

Ascent stage deorbit maneuver

Ascent stage impact

Second lunar orbit plane change
Transearth injection maneuver

Second midcourse correction

Third midcourse correction

Command module/service module separation
Entry interface

Landing

ol
ok
30
83
87
107
108
109
110
110
115

119:
:47:13
131:
:22:00

119

135

1k2:

143
1Ly
1L
1k45

149
149
159
172
188
2kl
2LL
2kl
2Ly

:13:01
:26:41
:52:4)
:25:23
:48:48
:54:02
:2£:37
:23:40
:20:38
:32:36
:10:35

06:38

32:45

03:48

:01:51
:00:03
:36:26
:36:20
147:
148:

59:32
0Lk:31

:28:15
:55:16
:0L: 46
27T :17
:27:16
:22:00
:0T:20
122:19
:36:25
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TABLE 5-I1.~ 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

Spacecraft position measured north or south from
the earth's equator to the local vertical vector,
deg

Spacecraft position measured north or south from
the true lunar equatorial plane to the local ver-
tical vector, deg '

Spacecraft position measured east or west from the
body's prime meridian to the local vertical vec-
tor, deg :

Perpendicular distance from the reference body to
the point of orbit intersect, ft or miles; alti.-
tude above the lunar surface is referenced to the
altitude of the landing site with respect to meen
lunar radius

Magnitude of the inertial velocity vector refer--
enced 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 local body-centered, horizontal
plane, measured positive eastward from north, deg

Maximum altitude above the oblate earth model, miles
Minimum altitude above the oblate earth model, miles

Maximum altitude above the moon model, referenc=d
to landing site altitude, miles
Minimum altitude above the mocn model, referenced
to landing site altitude, miles

Time required for spacecraft to complete 360 de-
grees of orbit rotation, min

Acute angle formed at the intersection of the orbit
plane and the reference body's equatorial plane,
deg

Longitude where the orbit plane crosses the ref-
erence body's equatorial plane from below, deg
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For the first time, the S-IVB was targeted for a high-pericynthion
free-return translunar profile, with the first major spacecraft maneuver
intended to lower the resulting pericynthion altitude to approximately
60 miles. Upon execution of this maneuver, described in figure 5-1, the
spacecraft was then intentionally placed on a non-free-return trajectory.

NASA-S-70-569

High-pericynthion

" free-return profile—_ 470 miles —={ |

Midcourse

correction Moon O

60 miles

trajectory

Figure 5-1.- Hybrid non-free-return trajectory profile.

A free return profile, as used here, is a translunar trajectory that will
achieve satisfactory earth entry within the reaction-control velocity
correction capability. The major advantage of the new profile, termed

a "hybrid" non-free-return trajectory, is the greater mission planning
flexibility. This profile permitted a daylight launch to the planned
landing site and a greater performance margin for the service propulsion
system. OSome of this margin was used to permit the two lunar orbit plane
changes discussed later. The hybrid profile is constrained so that a
safe return using the descent propulsion system can be made following a
failure to enter lunar orbit. The trajectory parameters for the trans-
lunar injection and all spacecraft maneuvers are presented in table 5~III.

Following translunar injection, the pericynthion altitude of
470.7 miles was close to the real-time expected value. Because a state-
vector error in the S-IVB guidance system was known to exist prior to
translunar injection, the planned free-return conditions could not be
achieved without an update of the guidance system. However, instead of
performing an update, the projected pericynthion altitude was determined
in view of the known error. Then, a new velocity change requirement for
the midcourse correction to enter the desired non-free-return profile was
determined. The actual velocity change of 61.8 ft/sec (table 5-IV) was
about 0.1 ft/sec less than the real-time planned value and was applied at
the second option point. No further translunar midcourse corrections were
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TABLE 5-1II.- TRAJECTORY PARAMETERS

Spsce-fixed | Space-fixed Space-fized
Ref. Time Iatitude, | Longitude, | Altitude
Event g * . * welocity, flight-path | hesading sngle.
v hr:ain:sec deg deg mle ft/sec angle, deg deg E of ¥
Translunar Phase

§-IVE second ignition Ewrth 2:47:22.7
5-1VB secmd cutoff Barth 2:53:03.9 15.83m 15b.98% 192.1 35 k27 8.21 63.69
Trenslunar injectian . Barth 2:53:14 15.83@ 15L.98v 192.1 35 M27 8.21 63.69
Caormand and service module/S-IVB Barth 3:18:0L.9 28.82M T9.5Tv 3820.0 2L 861 45.09 100.18
separation
Docking Earth 3:26:53.3 26.60% 70.62% 5337.% 22 534 L9.89 105.29
Spscecrsft/S-IVE separstico (ejecticn)| Earth 4:13:00.9 18.50N 58.63w 12 504.5 16 LT 60.93 11k.52
First midcourse correction

Ignition Earth 30:52:4L.4 1.10s 63.02w 116 929.1 h 317 T5.83 120.80

Cutoff Earth 30:52:53.6 1.108 63.06w 116 935.2 y 298 76.60 120.05

Lwer Ordit Phese

Lunar ordit imsertion

Ignition Moon 83:25:23.4 S.TUN 175.61F 82.5 8 175 -8.L4 229.35

Cutoff Moon 83:31:15.7 1.63s 15L.04E 61.7 5 70 -0.63 239.30
Lupar ordit circularizatioe

Ignition Moon 87:L8:48.1 1.67s 151.6TE 61.6 S A7) -0.66 239.28

Cutoff Moon 87:49:05 1.89s 150. 8SE 61.7 5 331 .30 239.51
Undocking Moan 107:54:02.3 13.52s B6.96E 63.0 5 329 -0.03 267.25
Sepsration

Ignition Moon 108:2L:36.8 6.61s Tkl 59.2 5 350 -0.18 305.17

Cutoff Moon 108:24:51.2 6.45s 8.1kv 59.2 5 350 -0.20 305.15
Descent orbit insertion

Ignitiom Moon | 109:23:39.9 6.6uN 172.21E 60.5 S 343 0.17 23L.81

Cutof? Moon 109:2k:08.9 6.29N 170.76E 61.5 5 268 ~0.02 23L.85
Povered descent injtistion Hoon 110:20:38.1 6.76s 7.82w 8.0 5 566 -0.02 305.14
Lending Moon 110:32:36.2 3.048 23.k2v - - - -
Cammand e0d service module plane Mocn 119:47:13.2 1k.018 17.68E 62.2 5 33L ~0.07 269.27
change )
Coelliptic sequence initiation

Ignitioce Moon 1L3:01:51 5.16N 164 .68E 51.5 5 310 0.06 23L.L3

Cutoff Moon 143:02:32.1 4.65N 162.6LE 51.5 5 355 0.02 23L.29
Terwinal phese initiation Moon 1k 145N 128.99% LL.s 5 382 0.05 251.93
Docking Moon 145:36:20.2 1L.53s 46.98E 58.1 5 357 -0.0k 28k.29
Command and service module/ascent Moan 148:04:30.9 1.LON L3, 3Lw 59.9 5 347 0.15 30L.19
stage separstian
Ascent stage deorbit

Ignition Moon 149:28:14.8 14,328 62.86E 57.6 5 362 -0.12 272.27

Cutoff Moon | 149:29:36.9 14478 58.62E 5T.L 5171 -0.27 275.90
Ascent stege impact Moon 149:55:16.4 3.94s 21.20W - - - --
Plane change

Ignition Moon 159:0L:45,5 6.655 110.34E 58.7 S 353 ~0.20 2L1.32

Cutoff Moon 159:05:0L4.8 6.82s 109.LOE 58.9 5 353 -0.20 215.82
Transearth injection

Ignition Mooa 172:27:16.8 8.T4N 170.25w 63.3 5 323 -0.21 2LkL.28

Cutoff Moon 172:29:27.1 7.7 178.56w 6.6 8 351 2.69 21.3.5€

Transearth Coast Phase

Second midcourse correction

Tgnition -~ - o Earth t 1B8:27:15.8 1 ---15.86% 137.80E 160 031.1 -303% -78.4L 91.35

Cutoff Earth | 188:27:20.2 15.88% 137.78E 160 028.9 303 -78.k0 91.36
Third widcourse correctina

Igpitiom Earth | 241:21:59.7 1L.78x 92.LOE 25 059.0 12 083 | -68.54 96.00

Cutoff Earth | 2L1:22:05.)% 1L.788 92.38E 25 ou8. 3 12 085 -68.55 96.¢1
Campand zodule/service module

separstion Earth { 2LL:07:20.1 0.32% 117.25E 1 9k9.5 2 09 -36.45 105.92




TABLE 5-IV.~ TRANSLUNAR MANEUVER SUMMARY

Resultant pericynthion conditions

- Velocity
Ignition time, | Firing time,
Maneuver System hr:min:sec sec z:;ﬁg:' Altitude, | Velocity, | Latitude, | Longitude, |Arrival time,
miles ft/sec deg deg hr:min:sec
Translupar injection 8-IVB 2:47:22.7 341.3 10 515.0 280.2 7595 29.7328 169.111E 83:kk:0k. 4
Command and service mod- Reaction control 3:18:04.9
ule/S-IVB separation
Spacecraft/s-IVB 8-IVB auxiliary 4:26:41.1 80.0
separation propulsion system
First midcourse correc- Service propulsion | 30:52:Lk.k4 9.2 61.8 65.1 8234 "0.TR 161.968E 83:28:38.8

tion
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required. The maneuver to provide initial separation between the space-
craft and the 8-IVB was accomplished for the first time on a lunar flight
using the auxiliary propulsjon system of the S-IVB. However, the final
separation maneuver, performed as on previous lunar flights through S-IVB
propulsive venting, did not place the S-IVB in a solar orbit, as planned,
and the resulting orbit was a high-apogee ellipse (see section 13).

The navigation data obtained during lunar orbit in preparation for
descent was consistent with that of Apollo 10 and 11, but the projected
landing-site latitude targeting was in greater error than that used for
Apollo 11. Table 5-V shows that this error was of the same order as

TABLE 5-V.- LATITUDE TARGETING SUMMARY

Lending site latitude on the landing revolution, deg

Apollo 10 Apollo 11 Apollo 12
Desired 0.691 north 0.691 north 3.037 south
Actual 0.354 north 0.769 north 2.751 south
Error 0.337 south 0.078 north 0.286 north

that experienced in Apollo 10 (0.286 versus 0.337 degree). Although not
large, this error was compensated for in the final powered descent tar--
geting. The 0.286 degree latitude error resulted from three primary
sources. The first was the translunar navigation and lunar orbit inser-
tion maneuver execution errors which contributed 0.039 degree. The sec-
ond was due to an error in the landing site location which was discovered
through command module optical tracking. The landing site was found to
be 0.047 degree south of the prelaunch estimate. The third and largest
was due to an error in the lunar potential model which failed to accouat

~ properly for the lunar orbit motion.  This source contributed 0.20 de-

gree. A revised landing site location was also transmitted to the

lunar module guidance computer soon after powered descent initiation
(section 4.2.2) to correct for a L200-foot downrange error which had
been observed from ground tracking data. The more westerly landing site,
as compared to Apollo 11, permitted sufficient time for acquisition and
processing of later trajectory information just before descent so that
these last-minute updates in the state vector and landing site location
could be made, a procedure which is largely responsible for the precision
with which the landing was performed. As in Apollo 10 and 11, the de-
ficiencies in orbit prediction which are inherent in both the R2 and
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the new L1 potential models were accounted for through biasing of the
targeting for lunar orbit insertion and circularization. The additional
term which differentiates the L1 from the R2 potential function greatly
improves the prediction accuracy of orbital period, a capability which
permits return to a one-pass fit technique, as used in Apollo 8 and 10
(ref. 7 and 8). This change provides greater operational flexibility in
ground tracking during lunar orbit coast and in the target updates prior
to landing. Also, as in Apollo 11, the orbit was deliberately made non-
circular to account for expected perturbations in lunar gravity such
that the orbit would be more nearly circular during the rendezvous.

The descent, ascent, and rendezvous profiles were similar to those
for Apollo 11, except that the landing point was changed. The descent
operation is described in detail in section 4.2. Tracking data prior to
undocking showed the ground track to be about 5 miles north of the in-
tended landing site as a result of orbit-plane prediction uncertainties.
A correction was combined with the powered descent maneuver to remove
this discrepancy. The landing, as shown in figure 4-11, occurred within
535 feet of the Surveyor, at 3 degrees 1l minutes 51 seconds south lati-
tude and 23 degrees 23 minutes 7.5 seconds west longitude (section L4.3),
as referenced to the Surveyor III Site Map (1st ed., Jan. 1968).

Two plane changes were performed by the command and service module.
The first was accomplished prior to lunar module ascent to accomodate
normal movement of the lunar module out of the initial lunar-orbit plane
resulting from the moon's rotation during the extended lunar stay. In
the thirty-sixth lunar orbit revolution, the second plane change maneuver
was conducted to permit photography of the landing areas and approach
paths for future candidate landing sites. Both service propulsion maneu-
vers were nominal, with resultant errors less than 1 ft/sec. A summary
of the lunar orbit maneuvers is shown in table 5-VI.

Lunar module ascent was nominal, except for a 1l.2-second overburn
caused by a late positioning of the engine-arm switch which inhibited the
automatic cutoff signal. The relatively large residuals were subsequently
nulled by the crew, and the rendezvous sequence which followed was nearly
nominal (table 5-VII). Onboard solutions agreed closely with those com-
puted in the command module and by the ground (table 5-VII).

The ascent stage was deorbited after jettison for a planned lunar-
surface impact. A planned 200-ft/sec velocity change was provided by
burning the remaining propellants through the reaction control system.
The spacecraft impacted approximately 40 miles east-southeast of the
Apollo landing site (fig. 5-2), as compared with an intended distance of
5 miles, primarily because of a 2-second overburn (5 ft/sec).




TABLE 5-VI,- LUNAR ORBIT MANEUVER SUMMARY

Resultant orbit

. Velocity
Ignition time, |Firing time,
Maneuver SySteW hr:min:sec sec ;27252’ Apocynthion, | Pericynthion,
miles miles
Iunar orbit insertion Service propulsion 83:25:23.4 352.3 2889.5 168.8 62.6
Lunar orbit circularization | Service propulsion 87:48:48.1 16.9 165.2 66.1 54.3
Command module/lunar mod- Command module reaction 108:24:36.8 1h. k4 2.4 63.5 56.3
ule separation control
Descent orbit insertion Descent propulsion 109:23:39.9 29.0 T2.4 60.6 8.1
Powered descent initiation | Descent propulsion 110:20:38.1 T17.0 - -_ -
First lunar orbit plane Service propulsion 119:47:13.2 18.2 349.9 62.5 5T.6
change
Lunar orbit insertion Ascent propulsion 142:10:59.9 423.2 6057.0 46.3 8.8
Coelliptic sequence initi- | Lunar module reaction 143:01:51 b1.1 4s5.0 51.0 h1.s
ation control
Constant differential Lunar module reaction 14k4:00:02.6 13.0 13.8 N Lo.k
height control
Terminal phase initiation Lunar module reaction 14k :36:26 26.0 29.0 60.2 43.8
control
Terminal phase finaliza- Iunar module reaction 145:19:29.3 38.0 40.0 62.3 58.3
tion control
Final separation Service module reaction 148:04:30.9 5.4 1.0 62.0 57.5
control
Lunar module deorbit Lunar module reaction 149:55:16.4 82.1 196.3 - --
control
Second lunar orbit plane Service propulsion 159:0k4:45.5 19.2 381.8 64.7 56.8
change

6-G




TABLE 5-VII.- RENDEZVOUS MANEUVER SOLUTIONS

Lunsr module Real-time nominal Command module suidance‘ Actual
Priuary guidance Abort guidance
Maneuver
- Time Velocity, Time, Velocity, Time, Velocity,
Time, Velocity, Tiie, Velocity, L N * S~ !
hr :min sec ft/sec hr:minsec ft/sec hr:min:sec rt/sec hr:min:sec tft/sec nr:min:sec ft/sec
Coelliptic sequence 143:01:51 i5.3 posi- 143:01:51 L6.1 posi-~ 1k3:01:51 49.0 posi~' | 1Lk3:01:51 LL.9 posi- 1L3:01:51 51.6 posi-
initiation grade grade grade grade grade
: 0.1 south
0.3 down
Conatant differential | 1kk:00:02 | 10.2 retro- | 1kL:00:02 9.4 retro- [ 143:59:53 2.3 down 1Lk :00:02 10;3 retro- | 1kk:00:02 | 10.1 retro
height grade grade grade grade
9.3 down 13.5 down 0.k south 9.1 down
7.8 down
Terminal phase 1kL:36:29 25.9 posi- 1kk:35:33 28.2 posi- 1Lk :38:00 22.2 posi- 1kk:36:57 25.5 posi- 1LL:36:39 25.8 posi-
initiation grade grade grade grade grade
1.5 south 1.7 south 0.1 south 1.7 south 1.k south
11.9 down 10.9 down 10.9 down 10.9 down 11.1 dovwn
First midcourse 1Lk :51:29 0.5 retro- | 1kk:51:29 3.8 retro- 0.0 1kk:51:29 1.6 retro- | 1Lk:51:29 (v)
correction grade grade grade
2.0 up 0.3 north 0.1 north
4.6 down 5.3 down
Second midcourse 1k5 :06:29 0.9 retro- (c) (c) 0.0 1k5:06:29 6il retro- | 145:06:29 (b)
correction grade grade
0.3 south 0.3 north
0.7 down 1.6 up

Sror lunar module execution; midcowrse solutions obtained from VHF ranging data only (tracking light failed).

bDnu not available because of moon occultation.
®Solution not obtained.

ot-¢
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After transearth injection (table 5-VIII) and two subsequent mid-
course corrections, the second at 3 hours prior to entry, entry was per-
formed as planned. Entry parameters are listed in table 5-IX. The
landing was within 2 miles of the intended location and occurred at
15 degrees U46.6 minutes south latitude and 165 degrees 9 minutes west
longitude, as determined from the recovery ship. .

Following separation from the command module, the service module re-
action control system was fired to depletion. Based on stable service-
module attitudes during this firing, sufficient velocity change capability .
existed in the reaction-control-system to cause the service module to skip
out into a high-apogee orbit.- There was no radar or aircraft coverage . .. . _______ __
planned for the service-module jettison and separation sequences. How-
ever, if the service module had skipped out as expected, it would prob-
ably have been visible to tracking stations which were alerted as to its
expected position. No radar acquisition was made and no visual sightings
by the crew or recovery personnel were reported. Therefore, as in previ-
ous missions, it is believed that the service module became unstable dur-
ing the depletion firing and d4id not execute the velocity change required
to skip out. Instead, the service module probably entered the atmosphere
and impacted before detection.




TABLE 5-VIII.- TRANSEARTH MANEUVER SUMMARY

Ignition time,

Firing Velocity

Resultant entry interface condition

Event Systen hr:min:sec :tx:e ’ ;27:5: ' | Fl1ight-path | Velocity, | Latitude, | Longitude, | Arrival time,
angle, deg ft/sec deg deg hr:min:sec
Transearth injection Service propulsion | 172:27:16.8 130.3 3042.0 -7.24 36 116 13.558 172.11E 2kk:21:49.3
Second midcourse cor- Service module 188:27:15.8 L.y 2.0 -6.42 36 116 13,818 173.68E 244:22:10.4
rection reaction control
Third midcourse cor- Service module 241:21:59.7 5.7 2.4 -6.48 36 116 13.798 173.53E 244:22:19.1
rection reaction control

i
i

€T-%
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TABLE 5-IX.- ENTRY TRAJECTORY PARAMETERS

Entry interface (400 000 feet altitude)

Time, hr:min:sec . « ¢ ¢« « + « « &
Geodetic latitude, deg south . . .
Longitude, deg east . . . . . . .

Altitude, miles « . &+ & ¢ « 4 4 .
Space-fixed velocity, ft/sec . . .
Space-fixed flight-path angle, deg

Space-fixed heading angle, deg east

s s e

of north

244 :22:19.1
13.80
173.52
65.8

36 116
-6.48

98.16
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6.0 LUNAR DUST

Lunar dust was evident during Apollo 12 in two respects, but in a
manner which differed significantly from that observed during Apollo 11l.
First, the crew experienced total obscuration of visibility Jjust prior
to touchdown, and second, because of increased exposure, more dust ad-

hered to surface equipment and contaminated the atmosphere of both space-
craft.

6.1 . DUST EFFECTS ON LANDING VISIBILITY

During the final phase of lunar module descent, the interaction of
the descent engine exhaust plume with the lunar surface resulted in the
top layer of the lunar soil being eroded away. The material particles
were picked up by the gas stream and transported as a dust cloud for long
distances at high speeds. Crew visibility of the surface and surface fea-
tures was obscured by the dust cloud.

6.1.1 Mechanism of Erosion

The type of erosion observed in the Apollo 11 and 12 landings is
usually referred to as viscous erosion, which has been likened to the
action of the wind blowing over sand dunes. The shearing force of the
gas stream at the interface of the gas and lunar soil picks up the weakly
cohesive particles, injects them into the stream, and accelerates the par-
ticles to high velocities. The altitude at which this erosion is first
apparent and the transport rate are dependent upon the surface loading
caused by the engine exhaust plume and upon the mechanical properties cf
the local lunar soil. This dependence is expressed in terms of several
characteristic parameters, such as engine chamber pressure, exit Mach
number, material density, particulate size, and cohesion. Reference 4
develops the fundamental theory for predicting erosion rates during Jand-
ing and compares the analytical predictions with experimental data. A

“v=-~1list of suitable references on this subject are contained in volume II

of reference k.

6.1.2 Visibility Degradation During Apollo 12

Data on the degradation of visibility during landing are derived from
crew observations and photographs. The photographic record is obtained
from film (fig. 6-1) exposed by a 1l6-mm sequence camera, which is moun:ed
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NASA-S-70-571

Window
frame

17 seconds from landing (altitude - 23 feet)

10 seconds from landing (altitude - 11 feet)

Altitudes shown are those indicated by the onboard computer.

Figure 6-1.- Selected sequence photographs during landing.
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in the right-hand lunar module window. On Apollo 12 this camera was oper-
ated at 12 frames/sec. Additional photographic data on erosion are ob-
tained from TO-mm still photographs taken in the vicinity of the lunar
module during extravehicular activity. Finally, an accurate reconstruc-
tion of the trajectory from tracking and telemetry data is necessary to
correlate position and time with the varying visibility conditions ob-
served by the crew and recorded on the photographs. There is no assur-
ance that the sequence film records the same impressions as stated by the
crew for the following reasons:

a. The camera has a relatively narrow field of view compared to the
crewman

b. The camera line-of-sight is more depressed toward the vertical
than the crewman's normal line-of-sight; hence, the two data sources nor-
mally view different scenes

c. The range of optical response for the film is less than that of
the crewman's; eye

d. The environment under which the crewman made his observations is
considerably different from that in which the film is viewed after the
flight.

The first time that dust is detected from the photographic observa-
tions occurs 52 seconds before touchdown. This time corresponds to an
altitude of about 100 feet. There is no commentary in the voice tran-.
scription relative to dust at this point, but postflight debriefings
indicate the crew noticed the movement of dust particles on the surface
from a relatively higher altitude. At 180 feet altitude the Lunar Module
Pilot made the comment that they could expect to get some dust before
long. However, the initial effect of the dust, as first observed in the
film or by the crew, indicates that there was no degradation in visibility
prior to about 100 feet in altitude. However, the crew stated that dust
was first observed at an altitude of about 175 feet (section 9.0). Dust
continued to appear in the sequence camera photographs for the next 10 or

-12 seconds as the lunar module descended to about 60 to TO feet in alxi-

tude. Visibility is seen to have degraded, but not markedly. Beyond this
point, the film shows the dust becoming more dense. Although surface fea-
tures are still visible through the dust, impairment of visibility is
beginning. Degradation of visibility continues until the surface is com-
pletely obscured and conditions are blind. The point at which this total
obscuration occurs is somewhat subjective. At 25 seconds before touchdown,
the dust cloud is quite dense, although observations of the film show some
visibility of the surface. From the pilot's point of view, however, visi-
bility is seen to be essentially zero at this time, which corresponds to
an altitude of about 40 feet. Therefore, the pilot's assessment that total



6-L4

obscuration occurred at an altitude of about 50 feet is confirmed. The
Commander considered visibility to be so completely obscured at this point
that he depended entirely on his instruments for landing cues.

6.1.3 Comparison to Apollo 11 and Results of Analysis

Compared to the Apollo 11 landing, the degradation in visibility as
a result of dust erosion was much more severe during Apollo 12. During -
Apollo 11, the crew likened the dust to a ground fog; that is, it reduced - *
the visibility, but never completely obscured surface features. On
Apollo 12 the landing was essentially blind for approximately the last —
40 feet. In order to better understand the reasons for these differences,
a detailed analysis was initiated of the factors which affect erosion and
visibility. The results of that analysis, although not completed, are
summarized here.

S S

First, it was important to establish whether the surface material
characteristics were different at the Apollo 11 and Apollo 12 landing
sites. The various data sources provide no firm basis for a belief that
a significant difference exists between the lunar material characteristics
at the two sites. On the other hand, the following evidence indicates
that the surface material behavior was essentially the same at the two
sites:

a. The height at which erosion first occurred was essentially the
same on the two missions. The Apollo 1l sequence camera photographs
indicate the first signs of dust at about 120 feet altitude abcut 65 sec-
onds before landing.

b. Photographs taken during the extravehicular activity in the gen-
eral area of the lunar module revealed that the soil disturbances caused
by the descent engine exhaust produced about the same effects on the two
missions.

c. Photogréphs of the crewmen's bootprints indicate that the soil -
behaved about the same at the two sites. Although there were local var-
iations in bootprint penetrations, such variations were observed at both
sites,

d. Analysis of the returned core tube samples indicates that the
lunar soil had about the same density and the same particle size distri-
bution at both sites. N

Since the soil characteristics were apparently the same at the two
sites, the analysis was concentrated on the aspects of the two flights
that were different, that is, the descent profile over the last 200 feet
of altitude and the sun elevation level at landing. Results of these
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analyses indicate that both of these effects contributed to the poor visi-
bility conditions on Apollo 12. The thrust level on Apollo 12 was some-
what higher over most of the final descent and was significantly higher
(about 20 percent) at about 30 feet altitude at 15 to 20 seconds before
landing. This greater thrust caused a higher surface loading and there-
fore produced greater erosion rates. More significant, however, was the
effect of the lower sun angle (5.1 degrees on Apollo 12 compared to

10.8 degrees on Apollo 11). For given dust cloud density the combined
effects of light attenuation, veiling luminance, and a diffuse illumina-
tion on the surface are much more serious at the lower sun angle and can
be shown analytically to produce the effects observed on Apollo 12. Anal-
ysis is continuing on a parametric variation of the factors which affect
erosion and visibility. However, all these analyses are based upon cer-
tain assumptions about the optical scattering properties of the lunar dust
and upon an idealized lunar model. Thus, these limitations meke it impos-
sible to conclusively prove that the effects noted can indeed be attrib-
uted to the sum elevation angle. Undeterminable differences in critical
soil properties, such as cohesion, could have produced the same effects.

6.1.4 Instrument Landing Procedures

Preliminary studies show the impracticality of various means for
reducing the dust effects on visibility, largely because of the weight
and performance limitations of the spacecraft. The lunar module was
designed with the capability to be flown entirely on instruments during
the landing phase. The two accomplished lunar landings have provided
the confidence that an instrument landing is within the capability of
the spacecraft systems. Therefore, on Apollo 13, onboard software will
be modified to permit reentry into an automatic descent program after
manual modes have been exercised. This change will allow selection or
redesignation of a suitable landing site, followed by automatic nulling
of horizontal rates and automatic vertical descent from the resulting
hover condition, which would occur at an altitude above appreciable dust
effects.

6.2 CONTAMINATION OF THE SPACECRAFT ATMOSPHERE

The amount of lunar dust encountered by the Apollo 12 crew appear:ed
to be appreciably greater than in Apollo 11. This condition manifested
itself by contaminating the atmospheres in both spacecraft and depositing
dust over much of the lunar surface equipment and onboard systems. The
cohesive properties of lunar dust in a vacuum, augmented by electrostatic
properties, tend to make it adhere to anything it contacts. These prop-
erties diminish in the presence of the gas of an atmosphere. Upon attain-
ing zero gravity, some of the lunar dust floats up in the cabin atmospnere
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and becomes widely dispersed. This process tends to be continuous, and

renders present atmosphere filtration techniques in adequate. The pres-

ence of the lunar dust in the cabin of either spacecraft does not detri-

mentally affect the operation of onboard systems, but the dust could pre-

sent a hazard to crew health, and at least it constitutes a nuisance.

The potential health hazards are eye and lung contamination when the dust -
floats in zero g. In an effort to minimize this nuisance on future flights,

various dust removal techniques were evaluated for cleaning the spacesuits

and equipment on the lunar surface prior to ingressing the lunar module. -

P g
.
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7.0 COMMAND AND SERVICE MODULE PERFORMANCE

Performance of command and service module systems is discussed in
this section. The sequential, pyrotechnic, earth landing, and emergency
detection systems operated as intended and are not discussed further.
Discrepancies and anomalies in command and service module systems are
generally mentioned in this section but are discussed in greater detail
in the anomaly summary section 1k.1.

T.1 STRUCTURAL AND MECHANICAL SYSTEMS

At earth lift-off, measured winds, both at the surface and in the
region of maximum dynamic pressure, indicate that structural loads were
well below the established limits. The predicted and calculated space-
craft loads at lift-off, in the region of maximum dynamic pressure, at
the end of first stage boost, and during staging were similar to or less
than for Apollo 11. Command module accelerometer data prior to S-IC
center-engine cutoff indicate a sustained 5-hertz longitudinal oscilla-
tion of 0.2g amplitude, which is similar to that measured during Apollo k.
The vibration reported by the crew during the S-II boost phase had a mea-
sured amplitude of less than 0.05g at a frequency of 15 hertz. However,
the amplitudes of both oscillations were within acceptable spacecraft
structural design limits. A1l structural loads during S-IVB boost, tramas-
lunar injection, both docking operations, all service propulsion maneuvars,
and entry were also well within design limits.

As with all other mechanical systems, the docking system performed
as required for both the translunar and lunar orbit docking events and
sustained contact conditions consistent with those during Apollo 9, 10,
and 11.

The temperatures of all passively controlled elements remained with-
in acceptable limits. However during transearth flight, a temperature
transducer, .ccated on the service propulsion system fuel storage tank,
exhibited a temperature increase approximately twice the rate observed
on previous missions. This anomaly is discussed further in section T.5.
Five thermal transducers on the service module failed as a result of a
potential electrical discharge at 36.5 seconds after lift-off. These
measurements were not critical to crew safety, and the loss did not con-

stitute a problem. This anomaly is also discussed in sections 7.5 and
1k.1.3.

The lunax module crew reported seeing a piece of strap-like material
in the vicinity of the service module/adapter interface just prior to clock-
ing (discussed in section 14.1.8). The crew also reported streaks on the
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command module windows after translunar injection, as discussed in sec-
tion 14.1.11. In addition, an oxygen hose retention bracket became un-
bonded from its support bracket at earth landing (as discussed in sec-
tion 14.1.14), and a piece of lanyard for the forward heat shield was
missing during postflight inspection (as discussed in section 14.1.16).

T.2 ELECTRICAL POWER

~

T.2.1 Power Distribution

The electrical power distribution and sequential systems performed
satisfactorily throughout the flight. At 36.5 seconds into the flight,
the spacecraft was subjected to a potential discharge between space ve-
hicle and ground. A voltage transient, induced on the battery relay bus
by the static discharge, tripped the silicon controlled rectifiers in
the fuel cell overload sensors and disconnected the fuel cells from the
bus. As a result, the total main bus load of T5 amperes was being sup-
plied by entry batteries A and B. The main bus voltage dropped momen-
tarily to 18 or 19 volts but recovered to 23 or 24 volts within a few
milliseconds. The low voltage on the main dc buses caused the under-
voltage warning lights to illuminate, the signal conditioning equipment
to drop out, and the input to the inverter to decrease momentarily. The
momentary low-voltage to the inverters resulted in a low output ac volt-
age, which tripped the ac undervoltage sensor and caused the ac bus 1
fail light to illuminate. The transient that tripped the fuel cell over-
load circuitry also tripped the inverter overload circuitry, thereby
causing the ac overload lights to illuminate. See section 14.1.3 for a
more complete discussion of the potential electrical discharge events.

The crew checked the ac and dc buses on the selectable meter and as-
certained that the electrical power system was still functional. At
00:02:22, fuel cell power was restored to the buses, and bus voltage re-
mained normal for the remainder of the flight. During earth-orbital in-
sertion checks, a circuit breaker was found in an open position and is
discussed further in section 1k4.1.h4.

T.2.2 Fuel Cells

The fuel cells were activated 64 hours prior to launch, conditioned
for 6-1/2 hours, and then placed on open-circuit inline heater operation
until cryogenic loading was completed. After loading, fuel cell 2 was
placed on the line and supplied a current of about 20 amperes as part of
the prelaunch cryogenics management plan. All three fuel cells were
placed on the bus 3-1/2 hours prior to launch. Differences in initial
load sharing between fuel cells were as great as 9 amperes because of
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prelaunch cryogenic management requirements. The load sharing gradually
stabilized to a maximum deviation of 2 or 3 amperes early in the flight.

During the mission, the fuel cells supplied approximately 501 kW-h
of energy at an average current of 23.2 amperes per fuel cell and an
average bus voltage of 29.4 volts.

All fuel cell thermal parameters remained within normal operating
limits and agreed with predicted flight values. However, the condenser
exit temperature on fuel cell 2 fluctuated periodically every 3 to 8 min-

utes throughout the flight. This disturbance was similar to that observed

on all other flights and is discussed in more detail in reference 8.
The periodic disturbance has been shown to have no effect on fuel cell
performance.

The regulated hydrogen pressure of fuel cell 3 appeared to decrease
slowly by about 2 psi during the mission. The apparent cause of the de-
cay was a drift in the output of the pressure transducer (as discussed
in section 14.1.17) that resulted from hydrogen leaking into the evacu-
ated reference cavity of the transducer.

T.2.3 Batteries

At 36.5 seconds, when the fuel cells disconnected from the bus, en-
try batteries A and B assumed the total spacecraft load. Entry battery C
is intentionally isolated during the flight until entry to maximize crew
safety. This step increase in current from approximately U4 amperes to
4O amperes on each of the batteries (A and B) resulted in a low-voltage
transient. However, within approximately 134 milliseconds of the fuel
cell disconnection, the logic bus voltage data showed the battery bus
voltage had increased to 25.2 V dc. The battery bus voltage had in-
creased to 26 V dc at the time the fuel cells were placed back on the
main buses.

Entry batteries A and B were both charged once at the launch site
and six times during flight with nominal charging performance. Load
sharing and voltage delivery were satisfactory during each of the service
propulsion firings. The batteries were essentially fully charged at en-
try and performance was nominal.

T.3 COMMUNICATIONS EQUIPMENT

The communications system satisfactorily supported the mission ex--
cept for the following described conditions. Uplink and downlink signal
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strengths were, on a number of occasions, below expected levels for nor-
mal high-gain antenna performance, which is discussed further in sec-

tion 14.1.6. VHF voice communications between the command module and

the lunar module were unacceptable during the ascent, rendezvous, and
docking portions of the mission. Section 14.1.19 contains a detailed
discussion of this problem. The S-band communications system provided
excellent quality voice throughout the mission, as did the VHF/AM system
during the earth-orbital and recovery portions of the mission. The space-
craft omnidirectional antenna system was used for communications during
most of translunar and transearth coast. During operation on these an-

tennas, the maximum level of received carrier power agreed with predic-

tions.

Two ground-plane radials associated with VHF recovery antenna 2 did
not deploy properly. However, VHF voice communications with recovery
forces were not affected, and further details concerning this problem are
presented in section 1k.1.12.

7.4 CRYOGENIC STORAGE

During cryogenic loading approximately 51 hours before the scheduled
launch, the performance of hydrogen tank 2 was unacceptable in that the
tank filled much slower than normal and had a high boiloff rate during
the stabilization period. A visual inspection of the tank revealed a
thick layer of frost on the tank exterior, indicating loss of the vacuum
in the insulating annulus. The tank was replaced with a tank from the
Apollo 13 spacecraft, and cryogenic loading was satisfactorily completed.
A detailed discussion of the hydrogen tank malfunction is provided in
section 1k.1.2.

Cryogenics were satisfactorily supplied to the fuel cells and to
the environmental control system throughout the mission. At launch,
635 pounds of oxygen and 53.8 pounds of hydrogen were available, and at
command module/service module separation, 150 pounds of oxygen and 9.6
pounds of hydrogen remained. The predicted oxygen and hydrogen quantities
remaining at command module/service module separation were 155 pounds and
8.2 pounds, respectively. The rate of oxygen depletion was higher than
the expected values by approximately 0.1 pound per hour. A detailed dis-
cussion of this problem is provided in section 1L4.1.7. Hydrogen consump-
tion was normal during the flight.
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T.5 INSTRUMENTATION

As a result of the potential electrical discharge at 36.5 seconds
after lift-off, five temperature measurements and four pressure/temperature
measurements failed. These measurements were all located in the same gen-
eral plane of the service module. Analysis of the temperature sensor
failures indicates the most probable cause to be an electrical overstress
of a diode or resistor in a measurement zone box. Failure of the pressure/
temperature measurements apparently was caused by an electrical overstress
of the semiconductor strain gages, located on the pressure-sensing dia-
phragm, or of the bridge voltage-regulating Zener diode. A detailed dis-
cussion of this anomaly is presented in section 1k4.1.3.

The central timing equipment and the signal conditioning equipment
also were temporarily affected by the potential discharges at 36.5 and
52 seconds. The time reference in the central timing equipment Jjumped
ahead at 36.5 seconds and was erratic until 52.49 seconds, when it reset
to zero. The central timing equipment performed satisfactorily there-
after. The signal conditioning equipment was turned off by its under-
voltage sensor at 36.5 seconds, when the bus voltage dropped below 22.9
V dc. The signal conditioning equipment returned to operation at 97 sec-
onds, when the bus voltage had recovered to normal levels.

During the flight, several other problems were noted. During the
first 30 hours, the reaction control quad D helium manifold pressure
drifted high by approximately 14 psi. At 160:07:00, the measurement drop-
ped to a reading of 30 psi low. The problem involves two independent
failures and is discussed in section 14.1.1T.

The temperature sensor for the service propulsion fuel storage tank
failed during preflight testing at the launch site, and the sensor/sig-
nal conditioner system was replaced. The response of this temperature
measurement during the flight was greater than anticipated. While the
original sensor was located under the tank insulation, a postflight in-
vestigation has established that the replacement sensor was located on
an uninsulated portion of the tank. At this location, the high tempera-
ture-response rate would be expected.

During most of the mission, the suit pressure transducer indicated
0.4 to 0.5 psi lower than cabin pressure and, at one time, indicated as
low as 0.1 psia. This anomaly is discussed in section 1k4.1.17.

The carbon dioxide sensor did not function during the mission. This
type of sensor has a history of erratic operation, and previous testing

has shown it to be sensitive to moisture contamination.
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The primary water/glycol pump outlet pressure was indicating from
3.5 to 4.5 psi higher than normal prior to launch and throughout the
flight. A similar calibration shift has occurred previously and has typ-
ically resulted from inadvertent system overpressurization. A detailed
review of data derived since the last transducer calibration by the con-
tractor revealed only one minor overpressurization, which had no apparent
effect on the transducer. However, such an occurrence is still considered
the most probably cause of the discrepancy.

The potable water quantity transducer operated erratically prior to
launch and during the flight. Although similar anomalous operation occur-
red during Apollo 8 as a result of moisture contamination, testing after
Apollo 12 revealed a film contamination on the extreme surfaces of the
resistance wafer. Section 14.1.17 has additional discussion of this
malfunction.

The regulated hydrogen pressure for fuel cell 3 gradually decayed
during the flight. Fuel cell performance was satisfactory, and the pres-
sure decrease was attributed to failure of the pressure transducer. The
probable failure mode is a hydrogen leak around the transducer diaphragm
into the vacuum reference chamber, thus decreasing the normal differen-
tial pressure across the diaphragm. Similar transducer failures have
occurred during fuel cell ground tests.

7.6 GUIDANCE, NAVIGATION, AND CONTROL

Command module guidance, navigation, and control system performance
was satisfactory throughout the mission. Because of the static dis-
charges experienced during earth ascent and described in detail in sec-
tion 14.1.3, the normal ascent monitoring functions were not performed.
As a result of one of these discharges, the inertial reference was lost
and the inertial platform was subsequently powered down; therefore, it
became necessary to perform both an orientation determination (computer
program P51) and a platform alignment (P52) in earth orbit. In addition,
an extra platform alignment on the second night pass was conducted to
detect any detrimental effects of the static discharge on inertial com-
ponent performance. As shown in table T.6-I, the gyro performance deter-
mined from these and all subsequent alignments during the mission was
excellent.

System monitoring of translunar injection and control during trans-
position and docking were normal, although the entry-monitor-system ve-
locity counter did not reflect the velocity changes expected by the crew
during transposition. The apparent discrepancies were caused by an accept-
able accelercmeter bias of 0.023 ft/sec?. This bias remained essentially
constant throughout the mission and is shown in table T.6-II, which con-
tains entry monitor system parameters for each service propulsion system
maneuver.
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! TABLE T.6-I.- PLATFORM ALIGNMENT SUMMARY
Gyro torquing angle,
Time, | Program : deg Star angle
hr:min { option® Star uafd difference, Gyro drift, aERU Camments
| % ¥ z deg X T z
|
00:24 !
00:52 0.01 Program 51
00:52 1 14 Canopus, 15 Sirius +0.755 | +0.941 | -0.366 0.01 - - -
02:20 3 01 Alpheratz, 45 Fomalhaut -0.014 {-0.028 | +0.018 0.00 40.8 | +1.7 | 1.
05:53 1 1k Canopus, 16 Procyon +0.764 | +0.576 | -1.187 0.01 -— - -
1k:57 3 16 Procyon, 12 Rigel +0.127 [-0.1T1 | -0.281] 0.00 -0.9 |[+1.3 ]| -2a
29:48 3 24 Gieneh, 27 Alkaid +0.250 | -0.2L6 | +0.125 0.01 -1.1 | 41.1 | 40.6 | Check star 22 Regulus
55:02 3 03 Navi, 13 Cspella +0.515 | =0.492 | +0.289 0.01 -1.4 | +1.3 | 40.8 | Check star 20 Dnoces
78:21 3 03 Navi, 13 Capella +0.400 | -0.462 | +0.263 0.02 -1.1 | +1.3 | +0.8
81:06 1 01 Alpheratz, 10 Mirfek +0.180 | +0.259 | 40.658 0.02 - -- -
86:u5 3 T Menkar, 13 Cepella +40.078 | -0.111 | 40.090 0.02 -0.9 | +1.3 | +1.05| Check star 11 Aldebaran
88:55 3 16 Procyon, 20 Dnoces +0.013 | -0.029 | +0.069 0.02 -0.4 | 40.9 | +2.1 | Check star 22 Regulus
102:50 1 20 Dnoces, 2T Alkaid 40.238 {-0.294 | +0.175 0.01 - - -
108:49 3 11 Aldebaran, 10 Mirfek 40.135 | -0.061 | +0.000 0.01 -1.5 | +0.7 0.0
110:4k 3 21 Alphard, 26 Spica -0.035 {-0.056 | +0.4k 0.01 +1.2 | +1.9 | +1.5
118:32 1 03 Navi, 20 Dnoces +0.562 {+0.000 | +0.670 0.02 - - «- | Check star 13 Capella
120:35 1 12 Rigel, 21 Alphard -0.708 |-0.961 | -0.392 0.02 - - -
132:145 3 12 Rigel, 21 Alphard +0.255 | -0.228 | +0.1k41 - -1.4 | +1.3| +0.8
138:20 3 22 Regulus, 26 Spica +0.088 [-0.160 | +0.102{ 0.02 -1.0 [+1.8 | +1.2
140:17 3 11 Aldebaran, 20 Dnoces 40.022 | -0.021 | -0.043 0.01 -0.8 +0.7 =1.5
142:19 3 23 Denebola, 26 Spica +0.028 | -0.0LL | +0.019 0.00 -0.9 | +1.5 | +0.6
158:17 1 22 Regulus, 27 Alkaid -0.362 | -0.048 | +0.331 - - - --
159:16 1 -8L4.79 -L9.k79 - - - -~ |Pulse torqued to orient
159:54 3 16 Procyon, 23 Denebola +0.065 |-0.037 | -0.098 0.01
16L4:06 3 21 Alphard, 26 Spica +0.095 |-0.088 | -0.003 0.03 -1.5 +1.4 | -0.1
165:52 3 20 Dnoces, 21 Alphard +0.023 | -0.003 | +0.073 —— - - -
167:57 3 16 Procyon, 20 Dnoces +0.053 | -0.032 | +0.003 0.02 -1.T | +1.0 | +0.1 .
173:33 1 Pulse torqued to orient
173:52 3 Ol Achermnar, 22 Regulus =0.216 |-0.004 | +0.149 0.01 - - -
187:55 3 06 Acamar, 45 Fomalhaut 40.288 | -0.301 | +0.211 0.01 =14 [ +1.4 | +1.0
210:09 3 34 Atria, 30 Menkent +0.41k4 }-0.396 | +0.240 0.02 «1.2 | +1.2 | +0.T [ Check star 25 Acrux
211:30 3 15 Sirius, 12 Rigel +0.034 | -0.053 | -0.002 0.0k -- - -- |No torque
211:37 3 45 Fomalhaut, 34 Atria +0.061 |-0.009 | -0.004 0.02 -- - -- |No torque
221:39 3 25 Acrux, 1T Regor +0.191 | -0.199 | 40.1k9 - -1.1 | +1.2 | +0.8
2k0:08 1 35 Rasalhague, Ll Debih +0.195 | -0.54k | -0.6L1 0.00 -—- - -- | Check star 37 Nunki
2k43:01 3 23 Denebola, 30 Menkent 40.053 | -0.069 | +0.015 0.01 -1.2 | +1.6 +0.4

®) - Preferred;

2 - Nominal; 3 - REFSMMAT; L - Landing site.

o e o n———
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TABLE T7.6-II.- ENTRY MONITOR SYSTEM PERFORMANCE

Meneuver
System
First Lunar Circular— First Second Trans- Second a
midcourse orbit {zation plane plane earth midcourse test
correction insertion change change injection correction
Total velocity +61.7 +2889.3 +165.5 +349.7 +381.3 +30L2.3 +2.0
change, ft/sec
Velocity change +57.2 +2882.4 +159.4 +337.1 +368.2 +3021.1; +2.0 0
set into counter, :
ft/sec i
Estimated time 39 388 u7 48 ) 160 | 38 100
of counter oper- i
ation, sec ;
Planned residual, =42 +1.0 . -8.4 -11.3 BN +1.8 n/a
ft/sec
Actual counter -4y -6.8 -5.6 ~12.6 -13.5 -21.0' +0.2 n/a
residual, ft/sec ’
(corrected)b |
!
Entry monitor sys- -0.2 -7.8 -1.2 =b.2 =2.2 -6.6. -1.6 -2.2
tem error, ft/sec . i
]
Estimated bias® . -.005 -.020 -.025 -.055 -.0k45 -.0&5; -.042 -0.022
ft/sec/sec ;

®performed at 238 hours.

8-L

b
A value of 0.2 ft/sec and the observed camand module computer X-axis residual were added to determine the corrected

error.

CCorrected error divided by estimated counter operating time, i.e. firing time plus 30 seconds.
’ !
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Table T.6-III contains a summary of selected guidance and control
parameters for executed maneuvers. All maneuvers were nominal, although
the crew reported a "dutch roll" sensation during the second plane change
maneuver in lunar orbit. Figure T7.6-1 contains a time history of selected
control parareters for a portion of that maneuver and a similar set of
parameters for a like portion of the transearth injection maneuver. The
spacecraft response during both maneuvers is comparable to that noted on
previous missions and within the range of responses expected under ran-
domly initiated fuel slosh.

All attitude control functions throughout the mission were normal.,
with passive thermal control again proving to be an excellent method for
conserving propellant during translunar and transearth coast. Two pairs
of reaction control engines fired for an abnormally long time during the
initial sleep period in lunar orbit. The docked spacecraft were in atti-
tude hold with a 10-degree deadband to provide thermal control. Because
of gravity-gradient torques, the digital autopilot was expected to main-
tain attitudes near one edge of the deadband using minimum-impulse fir-
ings of 14 milliseconds duration. However, the data show that one pair
of engines (pitch) fired for L4O milliseconds and another pair (yaw) fired
for 755 milliseconds, with all four engines commanded on simultaneously.

A detailed analysis indicates the most likely cause of these long firings
was a transient in an electronic coupling display unit. Because of the
orientation of the inertial platform to the spacecraft, a transient of
0.38 degree about the platform Y gimbal axis would cause attitude errors
of minus 0.23 degree and minus 0.30 degree about the pitch and yaw body
axes, respectively. The calculated firings times required to correct

for these attitude errors and their associated rates agree well with the
observed firing times. Ground tests have demonstrated that in the coup-
ling display unit, transients are caused by the charging and discharging
of capacitors associated with certain transistorized switch circuits.

The transients are especially noticeable when certain switches are ener-
gized after a long period of inactivity especially when several switch
circuits experience such a state change simultaneously. Analysis of these
transients and the related thruster firing combinations will continue,

__with results to be presented in a supplemental report (appendix E).

The Command Module Pilot reported that the coelliptic sequence ini-
tiation solution in the command module computer did not converge to match
those from the ground and the lunar module until a large number of VEF
ranging and optical marks had been taken. Analysis indicates that the
initial VHF ranging input was incorrect and degraded the onboard state
vector. The source of the incorrect VHF input is not known; however,
there is a discrepancy in the computer interface logic which can cause
the range to be read out incorrectly. Under certain low-probability con-
ditions, onz or more of the synchronizing pulses, with which the computer
shifts the digital range word out of the VHF, can be split and recognized
as two pulses. The magnitude of the resulting range error is dependent
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TABLE 7.6-I11.- GUIDARCE AND CONTROL MANEUVER SUMMARY

Maneuver
Paraneter First midcourse Lunar orbit Lupar orbit First Second Transearth
correction insertion circularization plane change plane change injection
| Time
Ignition, hr:min:sec 30:52:44.36 83:25:23.36 87:48:48.08 119:47:13.23 159:0L4:45.47 172:27:16.81
Cutoff, hr:min:sec 30:52:53.55 83:31:15.61 87:49:04.99 119:47:31.46 159:05:04.72 172:29:27.13
Duration, min:sec 0:09.19 5:52.25 0:16.91 0:18.23 0:19.25 2:10.32
Velocity gained, ft/sec®
(desired/actual)
p ¢ +19.60/+19.70 -1401.93/-1401.93 | -159.86/-159.59 +44.05/+4k.11 +23.23/423.06 | -1772.09/-1TT1.92
Y +41.10/+41.60 =122l . 43/-1224.Th -13.60/-13.70 +197.26/+197.72 | +214.51/+4215.06 | +224k4.91/+2245.22
Z -41.61/-b2.54 <2209.88/-2210.05 -k0.59/-k0.55 -285.36/-285.27 | -314.30/-314.31 | +1036.97/+1036.24
Velocity residual, ft/sec
(spacecraft coordinates)s®
X =0.1 =0.2 +0.3 -0.3 ~0.7 -0.1
Y -0.3 0.0 0.0 +0.1 +0.3 +0.6
2 0.0 +0.1 +0.1 +0.b +0.6 +0.1
Entry monitor system 0.2 -7.8 -1.2 =b.2 -2.2 -6.6
Engine gimbal position, deg
Initial
Pitch +0.99 +0.94 +1.51 -0.65 -0.70 -0.57
Yaw -0.18 =0.10 -0.54 +0.54 +0.33 +0.28
Maximua excursion
Pitch +0.39 +0.35 +0.31 -1.98 =-2.10 -2.06
Yaw -0.38 -0.34 -0.24 +1.53 | 42,04 +1.78
Steady-state '
Pitch +1.21 +1.,08 +1.78 -0.31 - =0.18 -0.31
Yeav +0.20 +0.07 -0.35 +0.71 . 40,75 +0.U45
Cutoff |
Pitch +1.21 +1.68 +1.58 -0.lk | =0.35 -0.48
Yaw -0.01 -0.31 -0.42 +0.54 " +0.45 -1,20
Maximum rate excursiocn, deg/sec
Pitch +0.04 -0.04 -0.04 +1.27 +1.67 +1.39
Yaw +0.08 +0.12 +0.20 -0.60 -0.68 =0.51
Roll -0.04 =0.0k -0.l45 -0.85 +1.01 -0.89
Maximum attitude error, deg '
Pitch -0.08 +0.19 +0.2h +0.08 1 40.37 =0.2h
Yaw +0.20 -0.08 -0.10 -0.28 [ +0.32 -0.28
Roll -0.13 =5.00888 =2.l0 -4.28 ! +0.42 =5.00s00
®Velocity residuals in spacecraft coordinates after trimming has been completed. .
#8Velocity gained in earth- or moon-centered inertial coordinates. i
#80T0lemetry signal saturated, i
v 1 Y §

0T-.L
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on the significance of the affected bit. The computer program protects
against an erroneous input by inhibiting automatic state vector updates
larger than a preset threshold (2000 feet or 2 feet per second). If an
update is larger than this threshold, it is displayed to the crew for
manual acceptance or rejection. Updates are normally rejected if pro-
visionally displayed except at the beginning of a sequence of marks when
the state vector can be expected to be degraded, as was the case for the
first VHF mark.

VHF and optics marks following this initial input resulted in con-
sistently large corrections until after ten optics and fourteen VHF up-
dates had been incorporated. Thereafter, state vector updates became
smaller, and the second attempt to obtain a solution indicated close
agreement with the two independent solutions. No further difficulty was
encountered throughout the rendezvous sequence, although the loss of the
tracking light after coelliptic sequence initiation precluded the taking
of optics marks during darkness.

Midcourse navigation using star horizon measurements was performed
during translunar and transearth coast as in previous lunar missions.
The transearth measurements, however, were taken in an attempt to estab-
lish the effect on visual observations of sun incidence at various angles
to the line of sight. Preliminary indications are that the desired data
were obtained.

A number of orbit navigation exercises using landmark tracking tech-
niques were conducted in lunar orbit. No difficulties were experienced.

Entry was performed under automatic control as planned. Spacecraft
response was normal and similar to that seen on previous missions. Earth
landing occurred approximately 1.1 miles from the target.

The preflight and inflight performance history of the inertial com-
ponents is summarized in table T.6-IV. As shown, the deviations in those
error sources measurable in flight indicate excellent component perform-
ance. Because of the loss of platform reference during launch (discussed
in section 14.1.3), no ascent velocity comparisons with the S-IVB platform
could be made.

The computer performed as intended throughout the mission. A number
of alarms occurred, but each is explainable by either a procedural error
or by the two static discharges.

Approximately 1-1/2 hours before launch, the crew noted an all-"8's"
indication on the main display and keyboard assembly. As experienced in
several ground tests, contamination in certain relsys can cause this dis-
crepant indication. Section 14.1.1 contains a more detailed discussion
of this problem.

o e e e g e T A e P T T e e | 3 TR | TS P < A s e o me we e o - e B e T



TABLE T7.6-IV.- INERTIAL COMPONENT PREFLIGHT HISTORY - COMMAND MODULE

Erros Samvple Standard No. of Countdown Flight Inflight
* mean deviation | samples value load performance|
. Accelerometers
- Scale factor error, ppm . .« . . . =173 Lo 7 =202 ~220 -
Bias, cm/sec> . . v v .4 ... | =0.01 0.13 7 -0.09 -0.09 0.0
- Scale factor error, ppm « . . . . =243 65 9 -330 =350 -
Bias, cm/sec2 e e e e e e s e e -0.13 0.05 9 -0.08 -0.09 -0.15
- Scale factor error, ppm . . . . . -306 59 7 =419 =370 -
Bias, cm/sec2 e e e e e e e e -0.19 0.03 7 -0.13 -0.16 -0.16
Gyroscopes
- Null bias drift, mERU . . . , . ., -1.5 1.8 9 -1.3 -0.1 -0.9
Acceleration drift, spin reference
axis, mERU/g ' + + + + « & 4+ + . -1.4 5.3 7 -3.5 -4.0 -
t
Acceleration drift, input
axis, mERU/g . . . . 6.7 6.7 7 18.2 13.0 -
- Null bias drift, mERU . . . , ., . -0.6 0.8 9 0.2 -0.1 1.3
Acceleration drift, spin reference
axis, mERU/g . . . -3.3 0.4 7 -3.3 =40 -
Acceleration drift, input .
axis, mERU/g . . . . . . « . . . 0.7 0 7 1.7 0.0 -
- Null bias drift, mERU . -2.8 1.3 9 -1.4 Lo.1 +0.5
Acceleration drift, spin reference
axis, mERU/g .+ . . « « « . . . -3.5 L2 T 4.6 -6.0 -
Acceleration drift, input
axis, MERU/E . + v + = « + « -0.1 2.3 7 0.1 -1.0 --

eT-L
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The sextant and the scanning telescope performed normally with the
exception of a random shaft axis movement noted when the system was
operated in the zero-optics mode. See section 14.1.9 for details.

The stabilization and control system performed properly throughout
the mission. Several gyro display coupler drift checks were obtained
during transearth high-gain antenna tests. The relatively large drift
values evident in the first test, as indicated in the following table,
were caused by the large yaw angle to which the system was aligned, since
degradation in drift as yaw angle increases is normal for this type of
mechanization.

Body-mounted Measured drift rate, deg/hr
Time attitude gyro
package Roll Pitch Yaw
193:58 2 2k.0 15.1 5.5
21L4:43 1 L.5 L.L 3.6
216:33 1 3.2 3.7 3.4
218:16 2 1.8 4.1 4.8

7.7 REACTION CONTROL

T.7.1 Service Module

The usable propellant loaded was 1341 pounds, of which 961 pounds,
approximately 275 pounds more than predicted, were consumed. Propellant
utilization was near that predicted through spacecraft/S-IVB separation.
After separation and through the beginning of the first passive thermal
control period, all digital autopilot maneuvering was performed using a
0.5 deg/sec maneuver rate, instead of the 0.2 deg/sec rate used for pro-
pellant usage predictions. Therefore, about 90 pounds more propellant
were used during this period than expected. Propellant usage from this
time to rendezvous was near predictions. Again, during lunar orbit pho-
tography, more propellant was used than was predicted. Quad package tem-
peratures were satisfactorily maintained between 119° and 145° F, except
after periods of high engine activity where a maximum temperature of
170° F was noted. System pressures were also maintained within regulated
limits, indicating proper component performance.

The backup onboard and telemetry instrumentation for propellant gag-
ing on all quads was lost at 36.5 seconds after lift-off (discussed in
section 14.1.3). The quad D helium manifold pressure transducer also mal-
functioned during the mission. Unreal and erratic readings from 194 to
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148 psia were experienced throughout the mission. However, the quad D
fuel and oxidizer pressure transducers provided adequate data to insure
that the system was operating normally.

The crew reported that one helium and one propellant isolation valve
inadvertently went to the closed position at the time of pyrotechnic sepa-
ration of the command and service modules from the S-IVB. Inadvertent
valve closures were also noted at separation during Apollo 9 and 11. The
valves were reopened in accordance with a standard procedure and operated
properly thereafter.

T.T.2 Command Module

System pressures and temperatures from launch to activation were
stable. Helium tank temperatures varied between 54° and 75° F through-
out the mission. System activation and checkout were normal. The helium
source pressures stabilized at 3540 psia after activation, and the regu-
lated pressures stabilized at 292 psia. Propellant consumption from sys-
tem 1, which was used during entry, was 35 pounds and all parameters were
normal.

During postflight decontamination procedures, the system 1 oxidizer
isolation valve would stay in the open but not the closed position. The
valve, however, did reposition to the open and closed positions properly
when commanded. Section 14.1.13 contains a detailed discussion of this
problem. During postflight testing, the two wires to the automatic coil
of the fuel valve of the minus roll engine (no. 4) in system 2 were found
to be severed. Because the break shows no salt-water corrosion, which
would be expected if the severing occurred before spacecraft retrieval,
it is concluded the wires were inadvertently broken during postflight
handling. Therefore, the wire failure could not have affected flight
performance, had system 2 been required for entry.

7.8 SERVICE PROPULSION SYSTEM

Service propulsion system performance was satisfactory during each
of the six maneuvers, as indicated by steady-state pressure and gaging-
system data and the actual velocity gained. The system had a total fir-
ing time of approximately 547 seconds. The ignition times and firing
durations are contained in table T.6-III. The longest engine firing was
the 352.2-second lunar orbit insertion maneuver. The third, fourth,
fifth, and sixth service propulsion maneuvers were preceded by a plus-X
reaction control translation to effect propellant settling, and all fir-
ings were conducted under automatic control.
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Engine transient performance during all starts and shutdowns was
satisfactory. During the initial firing, minor oscillations in the mea-
sured chamber pressure were observed beginning approximately 1.8 seconds
after ignition. The magnitude of the oscillations was less than 30 psi
peak-to-peak, and by approximately 2.1 seconds after ignition, the cham-
ber pressure data were indicating normal steady-state operation. Similar
oscillations observed during the first firing for Apollo 11 were attributed
to a small amount of helium which was probably trapped in the heat ex-
changer after completion of bleed procedures during propellant loading.

The propellant utilization and gaging system'operated satisfactorily
throughout the mission. Ihuring Apollo 9, 10, and 11, the engine mixture
ratio was less than expected, based on engine ground test data. Although
the cause of the observed negative mixture ratio shifts have not been
completely determined, the predicted flight mixture ratio for this mission
was biased, based on previous flight experience, to account more closely
for the expected flight mixture ratio. This biased prediction involved
conducting the entire mission with the propellant utilization valve in
the increase position to achieve a final propellant unbalance close to
zero. Soon after ignition for the first firing, the crew moved this
valve to the increase position, where it remained throughout the entire
flight. 'The final propellant unbalance was approximately 50 pounds of
oxidizer greater than the optimum quantity distribution.

T.9 ENVIRONMENTAL CONTROL SYSTEM

The environmental control sytem performed satisfactorily and provided
a comfortable environment for the crew and adequate thermal control of the
spacecraft equipment. The only anomalies noted were associated with in-
strumentation (see section T7.5) and clogging of both urine filters.

T.9.1 Oxygen Distribution

The oxygen distribution system operated normally and maintained cabin
pressure at 5.0 to 5.1 psia. The overall environmental control oxygen
usage rate was approximately O0.45 1b/hr, which is higher than on previous
missions but is still within acceptable limits. This higher consumption
is attributed to the increased purging requirements of the redesigned
urine receptacle assembly and to excessive cabin leakage, which required
a waiver prior to launch. However, the total indicated cryogenic oxygen
usage was greater than the sum of the calculated fuel cell and environ-
mental control usage by about 27 pounds. This discrepancy is discussed
in section 1L4.1.7.

- ——
.
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T.9.2 Thermal Control
The primary water/glycol coolant system provided adequate tempera-
ture control throughout the mission. Nearly all heat rejection was ac-
complished by the space radiators, with the primary evaporator activated
only during launch, earth orbit, and entry. The secondary coolant system
was operated only during redundant component checks and for approximately
80 minutes of evaporation before and during entry.

At about 190 hours during transearth coast, the cabin temperature
decreased below the crew comfort level. The crew, following ground in-
structions, switched the glycol temperature control valve from automatic
to manual operation and positioned the valve to increase the evaporator
outlet temperature to approximately 55° F. A similar temperature in-
crease was reflected at the suit heat exchanger and water separator, re-
sulting in gas leaving the unit saturated to a higher water vapor level.
This increased moisture content probably accounts for most of the associ-
ated condensation noted by the crew on hatches, windows, and panels.

During a special test of the high-gain antenna, the service propul-
sion engine was pointed toward the sun, the attitude for maximum radiator
heat rejection. During this test at 193:48:00, the primary radiator
heater turned on at an indicated radiator outlet temperature of minus
T° F, approximately T° F higher than expected. This increase may have
resulted from a shift in the operating band of the heater electronic con-
trol or from a difference in the glycol temperatures sensed by the heater
control sensor, in the service module, and by the sensor in the command
module. Inadequate flow turbulence immediately downstream of the combined
radiator outlets with unequal temperatures could result in this situation.
A minor control-circuit shift has no effect on system performance, while
a complete failure would require switching to a redundant heater opera-
tion with Separate sensors and controls. Because of difficulties in pro-
viding the necessary low radiator temperatures, preflight checkout tests
do not demonstrate performance on an end-to-end basis. Consequently,
some differences can be expected between flight data and temperatures de-
termined from preflight bench checks of the controllers.

T.9.3 Water Management

An inline hydrogen separator was installed in the water system for
the first time and successfully removed the hydrogen from the water.
Some gas bubbles, probably oxygen, were noted in the hot water but were
not considered objectionable. Improved gas separator cartridges also
were installed on both the water gun and the food preparation unit Quring
portions of the flight. After the cartridges were removed, little dif-
ference was noted in water quality.
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After each actuation of the hot-water dispenser on the food prep-
aration unit, the metered water flow did not shut off completely. This
problem is discussed in section 14.1.15.

7.9.4 Waste Management

The waste management system included a redesigned urine receptacle
assembly, which the crew reported was convenient to use, although care
was required to prevent urine splashback. In order to avoid perturba-
tions to passive thermal control attitudes during rest periods, the
Gemini-type urine collection devices were used to store urine during
these periods, rather than using the dump system. During transearth
coast, the prime and backup wrine filters clogged, and the urine over-
board dump system was operated without a filter for the final day. This
anomaly is described in section 14.1.10.

T.10 CREW STATION

T.10.1 Displays and Controls

The displays and controls in general satisfactorily supported the
flight, except for the following discrepancies. The tuning fork display
for the panel 2 mission clock was visibly intermittent during the pre-
launch and launch phases and continuously throughout the remainder of
the flight. The tuning fork display indicates that the mission clock
has switched from the timing signal in the central timing equipment to
an internal timing source. Section 14.1.18 contains further discussion
of this malfunction. The glass faceplate of the same clock contained
two cracks. This condition has occurred on clocks in several other
spacecraft and is caused by stresses induced in the glass when it is
bonded to the metal faceplate. New mission clocks, mechanically and
electrically interchangeable with present clocks, are being developed
for Apollo 14 and subsequent spacecraft.

T.10.2 Crew Provisions

The crew recommended that the present two-piece inflight coverall
garments be retained, instead of being replaced with the a one-piece item
as planned. The primary advantage of the two-piece item is the capability
of wearing either the jacket or trouser, or both, as required for individ-
ual comfort. In addition, the crew recommended an additional set of in-
flight coverall garments be stowed for personal comfort and hygiene, since
the original set can become very dirty late in the mission.

. — —gp— P "
.



7-19

The metal window shades were difficult to fit and secure, with win-
dows 1 and 5 reported to be the most difficult. The shades for windows
1, 2, 4, and 5 are installed into the window frame by slipping one end
under two finger clips and rotating the swivel latches over the shade rim
to secure it in place. To allow proper engagement in flight, the crew
pried the finger clips with the adjustable wrench to increase the clear-
ance for shade insertion and adjusted the length to the swivel latches.

" During ground and altitude chamber test checks, the crew had properly fit

the window shades with little effort. A modification, now being imple-
mented for Apollo 13, deletes the finger clips and provides spring-loaded
latches in a three-point engagement.

T.11 CONSUMABLES

The command and service module consumables usage during the Apollo 12
mission were well within the red line limits and, in all cases except one,
differed no more than 5 percent from the predicted limits.

T.11l.1 Service Propulsion Propellant

Service propulsion propellant usage was within 1 percent of the pre-
flight estimate for the mission. The propellant unbalance was less than
50 pounds after the final firing and is the lowest unbalance experienced
during any Apollo mission. In the following table, the loadings were
calculated from gaging system readings and measured densities at lift-off.

Actual usage, 1b Preflight
Conditions planned
Fuel Oxidizer | Total usage, 1lb
Loaded 15 728 25 089 Lo 817 Lo 817
Consumed 37 080 36 675
Remaining at command | " 3 137 b 1k2
module/service module
separation

T.11.2 Reaction Control Propellant

Service module.- Consumption of service module reaction control pro-
pellant was about 28 percent greater than predicted. The increased usage
resulted partly from operating at a 0.5-deg/sec maneuver rate with the
digital autopilot early in the mission, instead of the usual 0.2 deg/sec
rate. The remainder of the greater than predicted consumption was used
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for unplanned landmark tracking activities during lunar orbit. Despite
this increased consumption, the quantity of propellant remaining always
remained well above the red line limit. The usages listed in the follow-
ing table were calculated from telemetered helium-tank-pressure data and
were based on the relationship of the pressure, volume, &and temperature.

Propellant, 1b Preflight
Condition planned
Fuel Oxidizer Total | propellant, 1b
Loaded o R o L o
Quad A 111 225
Quad B 110 225
Quad C 110 224
Quad D 110 225
Total Lkl 899 1341 1340
Consumed 318 637 955 680
Remaining at command 123 263 386 660
module/service module
separation

Command module.- The actual usage of command module reaction control
propellant agreed with predicted usage to within 17 percent. The calcu-
lated quantities listed in the following table are based on pressure,
volume, and temperature relationships, and an average mixture ratio of

1.85.

Actual quantities, 1b Preflight
Condition , planned
Fuel Oxidizer Total quantities, 1b

Loaded (usable)

System 1 _ 40.6 63.6

System 2 4o.6 63.6

Total 81.2 127.2 - 208.4 208.6
Consumed )

System 1 ' 12 23 35 Lo

System 2 0 0 0 0
Remaining at main parachute

deployment

System 1 28.6 40.6 £5.2

System 2 40.6 63.6 10L.2

Total 69.2 104.2 173.4

PRIV
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T.11.3 Cryogenics

The oxygen and hydrogen usages were within 8 percent of those pre-
dicted. Usages listed in the following table are based on quantity data

.
.
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transmitted by telemetry.
‘ Hydrogen, 1b Oxygen, 1lb
) Condition
N Actual | Planned Actual | Planned

Available at lift-off
Tank 1 26.5 319.0
Tank 2 27.3 316.0
Total 53.8 53.2 635.0 600.0

Consumed
Tank 1 21.7 248.0
Tank 2 22.5 237.0
Total Ly, 2 45.0 485.0 445.0

Remaining at command module/
service module separation
Tank 1 T1.0
Tank 2 79.0

Total 9.6 8.2 150.0 155.0

E ol
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7.11.4 Water

Predictions concerning water consumption in the command and service
modules are not made because the water system has an initial charge of
potable water at lift-off and more than ample water for environmental
control and crew consumption is generated by fuel-cell reaction. The
water quantities loaded, consumed, produced, and expelled during the
mission are shown in the following table.

Condition Quantity, 1b

Loaded

Potable water tank 20.6

Waste water tank 2T7.9
Produced inflight

Fuel cells 390.2

Lithium hydroxide, metabolic 4s5.5
Dumped overboard (including urine)? 398
Evaporated up to command module/ 8.6

service module separation

Remaining at command module/service
module separation
Potable water tank 36.4
Waste water tank 41.9

®This parameter can only be estimated from flight data.
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8.0 LUNAR MODULE PERFORMANCE

Performance of the lunar module systems is discussed in this section.
The thermal control system performed as intended and is not discussed
further, and this section included a discussion of the performance of
the extravehicular mobility unit. -Discrepancies and anomalies in lunar
module systems are generally mentioned in this section but are discussed
in greater detail in the anomaly summary, sections 14.2 ‘and 14.3, the late
latter comprising government furnished equipment.

8.1 STRUCTURAL AND MECHANICAL SYSTEMS

The structural analysis was based on guidance and control data, cabin
pressure measurements, command module acceleration data, photographs, and
crew comments.

Based on measured command module accelerations and on simulations
using actual launch wind data, lunar module loads were within structural
limits during earth launch and translunar injection. Loads during both
dockings and the three docked service propulsion maneuvers were also with-
in structural limits.

The sequence films from the onboard camera showed no evidence of
structural oscillations during lunar touchdown, and crew comments agree
with this assessment. Flight data from the guidance and propulsion sys-
tems were used in performing engineering simulations of the touchdown
phase (section 4.2). As in Apollo 11, the simulations and photographs
indicate that landing gear stroking was minimal and that external loads
were well within design values.

During his initial egress, the Commander's life support package tore
a portion of the thermal shielding on the forward hatch. While this tear
did not compromise the thermal integrity of the spacecraft, the possibil-
- ity of contact on future missions could represent a hazard to suit pres-
sure integrity. This anomaly is discussed further in section 14.2.6.

The deployment ring for the external equipment storage compartment
failed to operate properly, and the Commander was required to deploy the
compartment door by pulling on the lanyard attached to the ring. This
discrepancy is discussed in section 14.2.5.
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8.2 ELECTRICAL POWER

Electrical power system performance was satisfactory throughout the
mission. The descent batteries supplied 1023 ampere-hours of power from
a nominal total capacity of 1600 ampere-hours, and at final docking, the
ascent batteries had delivered 230 ampere-hours from a nominal total
capacity of 592 ampere-hours. All power switchovers were accomplished
as required, and parallel operation of the descent and ascent batteries
was within acceptable limits. The bus voltage during powered-up opera-
tions was maintained above 28.6 V dec. The maximum electrical load,

T7 amperes , was momentarily observed during the powered descent maneuver. -
The total battery energy usage throughout lunar module flight followed
preflight predictions to within 1 percent.

8.3 COMMUNICATIONS EQUIPMENT

Performance of the communications systems was satisfactory. However,
the crew reported that VHF voice communications between the two spacecraft
were unacceptable during the ascent, rendezvous, and docking portions of
the mission. Section 14.1.19 includes a detailed discussion of this prob-
lem.

During the first extravehicular period, the S-band erectable antenna
was operationally deployed for the first time in the Apollo program. Fol-
lowing ingress, the antenna was used for S-band communication until approx-
imately 30 minutes prior to ascent. This antenna provided the predicted
gain increase and enabled use of the low power S-band mode during the
lunar sleep period.

During the entire extravehicular activity, the lunar module relay
mode provided good voice and telemetry data transmission. However, a
tone, accompanied by random impulse noise, was present intermittently
for approximately 2 hours during the first extravehicular excursion. The
tone, but without the noise, was present for approximately 12 seconds dur-
ing the second extravehicular operation. Postflight tests revealed the
left microphone amplifier in the Commander's communications carrier had
been intermittent. The amplifier failure has not been correlated to the
audible tone, but a random noise, similar to that heard during extrave-
hicular activity, was detected whenever the microphone was intermittent.
Because the communications carrier has redundant microphones and ampli-
fiers, no loss of communications was associated with the amplifier fail-
ure. See section 14.1.19 for further discussion of this problem. As ex-
perienced on Apollo 11, an intermittent uplink voice echo was noted during
extravehicular activity. 'The echo was of a lower level than experienced
on Apollo 11, and communications were considered to have been satisfactory.

T
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Reception from the color television camera was nominal until the
camera vidicon tube was damaged by either a direct or reflected image
of the sun after approximately 4O minutes of operation during the first
extravehicular period. See section 14.3.1 for a more detailed discussion.

8.4 RADAR

Landing radar performance during powered descent was normal. Acqui-
sition of range and velocity occurred at 41 438 and 40 100 feet, respec-
tively. Two brief dropouts occurred at low altitude during the hovering
phase. The first dropout appeared at approximately 234 feet slant range
and the second at L4 feet slant range. Analysis revealed the spacecraft
was undergoing a translation to the right at these times, and dropouts
are expected under these conditions because of a zero Doppler effect in
either beam 1 or 2. Three abnormally high data points appeared just prior
to touchdown. At altitudes below 50 feet, the range and velocity trackers
are operating on highly attenuated signals resulting from the high dis-
crimination of the receiver audio amplifiers to the low frequency signals
at these trajectory conditions. Since the trackers are approaching signal
dropout, the velocity trackers are particularly vulnerable to locking up
on moving dust and debris generated by exhaust plume impingement on the
lunar surface. Also, under these conditions, the range tracker is vulner-
able to locking up at higher frequencies because of terrain features ap-
pearing in the range-beam side lobes.

Rendezvous radar performance was normal in all respects. Just prior
to docking, a loss of a radar "data good" indication occurred at a range
of 150 feet, and was earlier than expected. No further rendezvous radar
data were required, so the crew opened the associated circuit breakers.
No anomalies are indicated from the data, and the loss of the "data good"
indication was caused by a brief drop in signal strength as a result of
rapid attitude changes.

e i - 8.5 INSTRUMENTATION

Performance of the instrumentation system was satisfactory. The
only unexplained master alarm occurred just prior to ascent engine igni-
tion. Any of the non-latching caution and warning inputs could have been
subjected to a momentary out-of-tolerance condition sufficient to cause
a master alarm without being detected by the crew or the ground. Sec-
tions 14.2.3 and 14.2.7 contain discussions of a carbon-dioxide sensor
malfunction and an early indication from the fuel-quantity low-level sen-
sor respectively.



8.6 GUIDANCE AND CONTROL

Guidance and control system performance was satisfactory through-
out the mission. This section describes overall system operation and
highlights the ascent and rendezvous portions of flight. A discussion
of guidance and control system performance during powered descent and
landing is contained in section 4.2.

Because of the lightning encountered during launch, the primary

guidance computer was powered up and verified ahead of schedule early - -—— -

in translunar coast. An erasable memory dump was performed which indi-
cated that no adverse effects had been experienced. The power-up sequ-
ence in lunar orbit prior to undocking was normal and proceeded with no
difficulty. The inertial measurement unit was aligned as in previous mis-
sions by transferring command module platform gimbal angles across the
structural interface between the two spacecraft and by taking into account
the relative orientation of the two vehicles and the roll-axis misalign-
ment observed on the docking ring scale. For the first time in Apollo,

a drift check was then performed utilizing a new technique which compared
the rotation vectors measured by each platform during successive attitude
maneuvers and used the vector differences to calculate any misalignment.
A gyro drift measurement was also obtained from an optical alignment per-
formed after undocking. Table 8.6-I contains the results of inflight

and lunar surface alignments performed during the mission. Table 8.6-II
contains a guidance systems alignment comparison.

The crew reported observing small attitude display changes at times
when switching the flight-director-attitude-indicator drive source between
primary and abort guidance system attitude references. The changes occur-
red both immediately and at later times following alignments. The observed
changes are a normal characteristic for this type of mechanization and re-
sult from a combination of errors from the following sources.

_ Specification error, deg
Source
Roll Yaw Pitch
Platform/gimbal angle sequence +0.3 +0.3 +0.3
transformation assembly interface
Gimbal angle sequence transforma- +0.75 1.1 *1.75
tion assembly static accuracy
Abort guidance system signal accu- +0.5 +0.5 +0.5
racy




TABLE 8.6-I.- INFLIGHT AND LUNAR SURFACE ALIGNMENT DATA

Time, Type Alignment mode Telescope Star angle Gyro torquing angle, deg Gyro drift, mERU
hrimin | alignment . ~ detent” /star | difference,

Option Technique used deg X Y 2 X Y 2
10k:52 Docked alignment -0.250 =0.360 +0.050 - - -
108:11 Docked alignment -0.0k5 -0.035 -0.092 d0.9 d0.7 d1.8
108:48 P52 3 NA 2/13; 2/12 0.02 +0.018 -0.002 -0.069 0.3 0.0 1.2
110:46 P57 3 1 NA 0.07 -0.011 +0.064 -0.05h 0.k 2.2 1.8
110:54 P57 3 2 1/15; 2/00 0.01 +0.027 -0.017 -0.0L45 - - -
111:22 PsT 3 2 1/16; 6/17 0.02 +0.034 +0.036 +0.019 - - -
139:26 P57 i 3 1/16;5 - /= 0.0k +0.001  +0.057 +40.033 | -- - --
1k1:29 PST h‘ 3 1/16; -/- 0.04 -0.023 +0.004 +0.015 0.7 0.1 0.5
142:23 P52 3 NA 2/12; 2/13 0.01 +0.008 +0.010 -0.0L6

&) - Preferred; 2 - Nominal; 3 - REFSMMAT; 4 - Landing site.
bO - Anytime; 1 - REFSMMAT plus g; 2 - Two bodies; 3 - One body plus g.

€] - Left front; 2 - Front; 3 - Right front; 4 - Right rear; 5 - Rear; 6 - Left rear.

dNot torqued.

Star names:

13 Capella
12 Rigel
15 Sirius
00 Pollux
16 Procyon
1T Regor

|
1

&8




TABLE 8.6-II.- GUIDANCE

SYSTEMS ALIGNMENT COMPARISON

Priﬁéfy minus abort system

WTTRITReC

Time of alignment Alignment error (degrees)
X Y Z
Before powered descent
106:11:48 -0.011 0.013 -0.008
106 :48:26 * * *
108:38:57 -0.020 0.001 -0.009
108:39:09 -0.025 0 0.017
110:16:54 -0.005 -0.01L4 -0.010
Lunar surface
111:33:34 0.004 -0.024 0.001
139:36:11 -0.013 0 0
139:50:27 -0.013 0.035 -0.001
141:31:53 -0.002 -0.005 0.00k4
After docking
147:22:48 -0.047 0.005 0.009

*Data not available.
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The digital autopilot was used almost exclusively for attitude con-
trol during the mission, and performance was normal throughout. Space-
craft response during descent, ascent, and reaction control system maneu-
vers was as expected. Although the crew reported an unexpected amount of
reaction control system activity during descent, data indicate normal duty
cycles (see section 4.2). The crew concern appears to have resulted from
a software discrepancy in preflight lunar module simulations.

System operation after lunar touchdown was nominal.- and proceded ac-
cording to schedule. The landing coordinates, as obtained from lunar
surface alignments and rendezvous radar data, are discussed in section 4.3
and are shown in figure L4-11.

The ascent trajectory was very close to nominal. A procedural error
involving late actuation of the engine-arm switch resulted in a 32.5-ft/
sec overburn, which was immediately trimmed with the reaction control
system. The effect of accelerometer bias errors in the primary guidance
system is indicated in table 8.6-I1I, which is a comparison of insertion
conditions as measured onboard and by the ground.

TABLE 8.6-III.- LUNAR ORBIT INSERTION CONDITIONS

. Vertical Horizontal
Altitude, X .
Source feet velocity, velocity,
ft/sec ft/sec
Primary guidance 62 677 b1.6 85530
Abort guidance 61 S0k 38.6 5536
Network tracking 62 380 h1.4 5537

&Four ft/sec of the difference between primary and
abort guidance systems is due to a bias error in the
* primary guidance Z pulse integrating pendulous acceler-

ometer.

The ascent and rendezvous profiles were Very similar to those for

Apollo 11, with the exception that the abort guidance system was planned

to be used independently of the primary system.
dated by independently maintaining the abort guidance system state vector

This change was accommo-
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during rendezvous while manual inputting of radar data. The ascent prep-
aration sequence was nominal and closely followed the flight plan. Fig-
ure 8.6-1 is a time history of attitude rates at lift-off. Because no
data dropouts occurred, as in Apollo 11, an attitude-rate analysis of this
phase was possible for the first time. The transients were well within
the controllability limit and indicated reasonable agreement with pre-
flight simulations.

Primary guidance solutions were used exclusively during rendezvous.
See table 5-VII for a comparison of the various available solutions. The
crew reported an excessive workload was involved in maintaining the abort
-~ guidance system independent of the primary system throughout rendezvous.
The only discrepancy reported during the rendezvous was procedural and
occurred when a radar update in range and range rate was loaded in an in-
correct sequence. The out-of-sequence updating severely degraded the
abort guidance system state vector and caused the maneuver solution to be
incorrect. Thereafter, the abort guidance system was externally targeted
using the primary guidance maneuver solution for maneuver backup purposes.

Inertial measurement unit operation was satisfactory throughout the
mission. Accelerometer bias had been extremely stable in the period from
power-up through landing; however, all accelerometers exhibited a step
change across the power-down and power-up sequences on the lunar surface,
as shown in table 8.6-IV. Although the measurements of total bias made on
the surface contain errors as a result of the uncertainties in magnitude
and direction of gravity, shifts in the measured values are detectable.
The step changes were minor and within system operating limits.

The guidance computer performed as expected throughout the descent
and ascent phases. No alarms were experienced during powered descent,
indicating that software improvements made as a result of the Apollo 11
master alarms were successful.

Alignment optical telescope performance was excellent. Because of
the more'westerly location of the landing site and the sun and earth
positions with respect to the telescope lines of sight, more of the de-
tents were usable than on the previous mission.

The abort guidance system was used solely in a backup role throughout
the mission. The results of the inflight and lunar surface calibrations
and other inertial component performance measurements are shown in table
8.6-V and 8.6-VI and indicate excellent performance throughout.
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Figure 8.6-1.- Attitude rates at lunar lift-off.



TABLE 8.6-1V.- INERTIAL COGMPONENT PREFLIGHT HISTORY - LUNAR MODULE

(a) Accelerometers

Inflight performance
Number
Sample | Standard Countdown | Flight Pover-up Landing Surface 143:45
Error mean deviation Bm:t les value load to ( gg?:;) to pover-up (gﬁd;ig ) to
P 106:43 : pover-down | to lift-off ) rendezvous
X ~ Scale factor error, .
PPR « 4 + 4 o o o & -649 18 L =640 -660 - - - - - -
Binms, cm/secs . . . -0.3 | o0.02 4 -0.37 -0.38 | -0.33 -0.33 -0.40 -0.10 -0.15 -0.17
Y - Scale factor error,
) . ~681 T2 4 -T27 -T20 - - - -- - -
Bias, cu/sec2 [P 0.03 0.01 L 0.03 0.02 0.01 - 0.05 0.20 0.20 0.18
2 - Scale factor error,
[+2 . T -885 L2 L ~943 -890 - - - - - -
Bias, cm/sec® . . . 0.60 | o0.05 § 0.63 0.62 1 0.68 0.68 0.73 0.34 0.39 0.42
1
|
(b) Gyroscopes i
Error Sample | Stendara "“‘;‘;e' Countdown | Flight /| Inflight
mean deviation value load performance
ssmples
X - Null bias drift, mERU . , . , . . -1.0 0.3 5 -1.3 0.1 0.6
Acceleration drift, spin reference
axis, mERU/g . « v = « .« 4 4 4 -1.3 1.4 Yy -0.4 -2.0 -
Acceleration drift, input
axis, mERU/g . . . . . . . . . 10.6 6.5 Y 14.0 7.0 _
Y - Null bias drift, mERU . . . . . . 0.7 1.0 5 -0.2 0.8 0.8
Acceleration drift, spin reference
axis, mERU/g . . . . . . . . . k.1 1.4 L 5.3 +L.0 -
Acceleration drift, input
axis, mERU/g@ . . . . + + 4 & -16.0 6.8 4 -23.3 -15.0 -
Z - Null bias drift, mERU . . . . . . 2.8 0.9 5 3.3 3.0 1.3
Acceleration drift, spin reference
axis, mERU/g . . . . . . . . . -0.3 4.2 4 -2.6 -2.0 | -
Acceleration drift, input
axis, mERU/g . . . . . . . . . 10.8 4.8 L 12.8 13.0 -

0T-9
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TABLE 8.6-V.- ABORT GUIDANCE SYSTEN PREINSTALLATION CALIERATION DATA

8-11

: Sample Standard Numder Pinal cali- Flight load
Accelerameter bias mean, deviation, of dbration value, value,
e ve sexples w ug
X Th 25.6 12 62 ks1
Y 138 21.5 12 19 19
2 -83 10.7 12 =79 . =Tl
Standard Bumber Final cali- Flight load
Accelerameter scale factor deviation, of bration value, value,
pps samples rpPR Ppn
b ¢ 35 7 13.k 1282
29 T -1589 1637
2 32 7 -2265 -2314
Sample Standard Bumber Fipal cali- Flight load
Oyro scale factor mean, deviation, of bration value, value,
e PpR samples rp PPR
x 610 10.8 12 615 615
Y 3282 8.1 12 3294 3294
2 2930 10.0 12 29k 29k
. Sample Standard Kunber Finel cali- Flight load
Qyro fixed arift mean, deviation, of dbration value, value,
deg/br deg/br samples deg/br deg/br
X 0.01k 0.062 12 0.06 0.06
Y =0.096 0.054 12 ~0.16 ~0.16
- ~0.002 ..0.0L8 2 -0.07 . =0.07
Sample Standard Number Fipal cali- Ylight load
M:n;pin ::i' mass =ean deviation, of dbration value, value,
alao deg/hr deg/hr samples deg/hr deg/br
X 0.154 0.117 12 0.03 0.03




8-12

TABLE 8.6-VI.- ABORT GUIDANCE SYSTEM GYRO CALIBRATION DATA

X, Y, Z,
deg/hr deg/hr deg/hr
Preinstallation calibration +0.06 -0.16 -0.07
Final earth prelaunch calibration -0.27 -0.31 -0.06
Inflight calibration -0.0L4 -0.19 0
First lunar surface calibration - ---| -=0.19 —} =0.28 +0.11
Third lunar surface calibration -0.20 -0.31 +0.05

8.7 REACTION CONTROL

Reaction control system performance was normal in all respects. On-
board measurement of propellant consumption through ascent stage jettison
was 315 pounds, compared with the predicted value of 305 pounds. Reaction
control system interconnect operation was satisfactory during the ascent
maneuver; however, the indicator for the system A main shutoff valve re-
mained in the valve-closed position after the valves had been initially
commanded open. This indicaftor operated normally when the valves were
recycled (section 8.11.1 has a more complete discussion).

The thrust-chamber pressure switch on the quad 4 side-firing engine
failed in the closed position for about 2 minutes during powered descent.
This switch, which also failzd closed several times during ascent, was
slow in opening on all firings after undocking. However, engine perform-
ance was nominal at these times. This type of failure, noted on all pre-
vious manned lunar modules, is attributed to particulate contamination of
the switch. The only consequence of such a of failure is that a failed-
off engine cannot be detected from instrumentation sources.

8.8 DESCENT PROPULSION

Descent propulsion system operation, including engine starts and
throttle response, was normal.

© . LTy T ey
.
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8.8.1 Inflight Performance

The descent propulsion system performed normally during the 29-second
descent orbit insertion maneuver. The powered descent firing lasted T1T
seconds, and the system pressures and throttle settings are presented in
figure 8.8-1. The data curve has been smoothed and does not reflect the
numerous throttle changes made during the final descent. During powered
descent, the oxidizer interface pressure appeared to be oscillating as
much as- 59 psi peak to peak. These oscillations were evident throughout
the firing but were most prominent at about 55- to 60-percent throttle.
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Figure8.8-1.- Descent propulsion system performance.
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Oscillations of this type were also observed during the Apollo 11 descent.
After the Apollo 11 flight, it was determined that the oscillations re-
sulted from the instrumentation configuration and were not inherent in
the system. Engine performence and operation were not affected in either
flight.

8.8.2 ystem Pressurization

The oxidizer tank ullage pressure decayed from 94 to 60 psia during -
the period from lift-off to second activation of the system at about
90 hours. During that period, the fuel tank ullage pressure decreased
from 128 to 105 psia. These decays were within the expected range for
helium absorption into the propellants.

The measured pressure profile of the supercritical helium tank was
within acceptable limits. The pressure rise rates on the ground and in
flight were 8.0 and 6.1 psi/hr, respectively.

The procedure for venting the propellant tanks after landing was
changed from Apollo 11, during which a freeze-up of the line to the super-
critical helium tank occurred (reference 9). The supercritical helium
tank was isolated prior to the venting, which was then accomplished suc-
cessfully, and the helium tank was subsequently vented 21 minutes before
ascent stage lift-off. During the lunar stay period, the pressure rise
rate was 4.9 psi/hr.

8.8.3 Gaging System Performance

The descent propellant gages indicated expected quantities through-
out lunar module flight. The two fuel probe measurements agreed to within
approximately 1 percent throughout powered descent, and the difference
remained -relatively constant. The oxidizer probe measurements diverged
with time until mid-way through the firing, although the difference was -
only 1 percent. After that point, the difference remained constant. The -
slight divergence was probably caused by oxidizer flowing from tank 2 to
tank 1 through the propellant balance line, as a result of an offset in
the vehicle center of gravity.

The low-level light came on at 110:31:59.6 (after 681.5 seconds of
firing time) and was apparently triggered by the fuel tank 2 point sensor,
which had the lowest reading. This light indicated that 5.6 percent fuel
quantity remained. This quantity is equivalent to approximately 113 sec-
onds of total firing time remaining to propellant depletion, based on the
sensor location. Postflight data for the gaging system probe, however,
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indicate that the propellant readings were oscillating from 1.5 to 2.0
percent peak-to-peak about the mean reading. This oscillation was indi-
cative of propellant slosh, which could cause a premature low-level indi-
cation. Based on the mean propellant reading of 6.7 percent quantity re-
maining, the sensor should have been activated approximately 25 seconds
later than indicated. Engine shutdown occurred 35.5 seconds after the
low-level signal, and the associated firing time remaining should have
been T7T7.5 seconds. However, the low-level indication was received early
and a firing time of 103 seconds to fuel tank 2 depletion actually re-
mained. Even with the apparent slosh-induced error, the difference be-
tween the continuous probe reading and the low-level light indication was
within the expected accuracy of the gaging system.

8.9 ASCENT PROPULSION

The ascent propulsion system performed satisfactorily during the
425-second ascent maneuver (engine on to engine off). Helium regulator
outlet pressure dropped from a level of 189 psia to the expected value
of approximately 185 psia at engine ignition. However, both measurements
for helium regulator outlet pressure showed oscillations throughout the
firing with respective maximum recorded amplitudes of 6 and 19 psi peak
to peak. Similar oscillations, with approximately the same amplitudes,
were observed from Apollo 10 data, as well as oscillations with smaller
amplitudes during ground testing. It was concluded from the evaluation
of Apollo 10 data that a portion of the oscillation magnitude was attrib-
utable to certain characteristics of the pressure transducers. No degra-
dation in system performance from these pressure oscillations has been
noted for either Apollo 10 or 12.

Table 8.9-I is a summary of actual and predicted performance param-
eters during the ascent-engine firing, which was approximately 6 seconds
shorter than expected, based on preflight performance estimates. The
shorter firing time may be attributed to a combination of lower-than-
expected vehicle weight, higher-than-predicted engine performance, and

"a greater-than-expected impulse from "fire-in-the-hole" effects. A more

detailed reconstruction of data will be presented in a supplemental re-
port (see appendix E).

During the coast period following ascent, the oxidizer system pres-
sure dropped in a manner and magnitude similar to that observed on Apollo 1l.
This phenomenon is discussed in reference 9 and had no apparent effect on
spacecraft performance or crew safety.



TABLE 8.9-I.- STEADY-STATE PERFORMANCE

10 seconds after ignition 400 seconds after ignition
Parameter

Predicted® Mea.suredb Predicted® Mea.suredb
Regulator outlet pressure, psia . 184 184° 184 184°¢
Oxidizer bulk temperature, °F . . . . . 69.9 68.5 % 69.0 67.8

i

Fuel bulk temperature, °F . . . . . . . 69.7 68.5 - 69.5 68.5
Oxidizer interface pressure, psia ; . . 17i.1 168.0 ?170.2 167.5
Fuel interface pressure, psia . . . . . 170.6 167.5 169.8 166.7
Engine chamber pressure, psia . . . . . 123.0 120.0 j122.7 119.5
Mixture ratio . « « « ¢ ¢ o v 0 b . . 1.611 — 1.602 -
Thrust, 1b o o o o v o 0 o o 0 o v o W 3495 —- . 3460 —
Specific impulse, sec « « v ¢ o + o o . 309.5 -— ?309.2 -—

ﬂPreflight prediction based on
ance,

bActual flight data with known

®These values are approximate due to oscillations noted in text,

acceptance test data and assuming nominal system perform-

biases removed,

i

91-8
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they were using up the oxygen by normal breathing. The condition was
corrected by turning on the portable life support system oxygen supply.
Procedural changes to the checklist will be made to prevent recurrence
of this situation.

While the Lunar Module Pilot was in the lunar module prior to the
first egress, a loss of feedwater pressure in the portable life support
system continued for several minutes. It was found that the lunar module
hatch had closed, causing the cabin pressure to increase, which then re-
sulted in a breaking through of the sublimator on the portable life sup-
port system. This resulted in a loss of feedwater but did not constrain
the extravehicular activity. A procedural change will require that the
cabin dump valve remain in the open position.

The porteble life support system recharge in preparation for the
second extravehicular activity was performed in accordance with estab-
lished procedures, and the crewmen encountered no significant problems
through the completion of the second extravehicular activity.

During the last hookup of the suits to the electronic control assem-
bly prior to ascent, the lunar dust on the wrist locks and suit hose locks
caused difficulty in completing these connections. In addition, much dust
was carried into the lunar module after the extravehicular periods. Dust
may have conteminated certain suit fittings, since during the last suit
pressure decay check, both crewmen reported a higher-than-normal suit-
pressure decay. However, no significant difference in oxygen consumption
between the two extravehicular periods was apparent.

The pressure suits operated well throughout the extended use period.
The outer protective layer was worn through in the areas where the boots
interface with the suit. The Kapton insulation material just below the
outer layer also showed wear in these areas. In addition, a minute hole
was worn in one of the boot bladders of the Commander's suit. Suit per-
formance was not compromised by this wear, as shown in the following
table:

Leakage, scc/min
Preflight Postflight

Commander's suit 105 Lco
Lunar Module Pilot's suit 51 45
Specification value 180 TL40 .

Note: The leak through the hole in the Commander's boot
is estimated to have been about 325 scc/min.
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8.10 ENVIRONMENTAL CONTROL SYSTEM

The environmental control system satisfactorily supported all lunax
module operations throughout the mission. Although water in the suit
loop end an erratic carbon dioxide sensor have been identified as anom-
alies, overall performance was nominal and lunar module operations were
not compromised.

On the lunar surface, the cabin was depressurized through the for-
ward dump valve without a cabin-gas bacteria filter installed as modified
for this mission. Cabin pressure decreased rapidly, as predicted, and
the crew was able to open the hatch 3 minutes after actuation.

Prior to the first extravehicular activity, the crew reported free
water' in the suit inlet umbilicals. After the mission, the umbilical as-
semblies were tested under flight conditions, and no condensation was ob-
served. During postflight tests, condensate was observed to bypass the
water separators because the separator rotational velocity was excessive
as a result of the suit-circuit flow being higher than the specification
value. For Apollo 13 and thereafter, an orifice will be placed in the
suit circuit to reduce the flow and should decrease the separator veloc:-
ity to within expected ranges. Further details are given in section 14.2.2.

The Apollo 11 crew had reported that sleep was difficult because of
a cold environment. This condition was remedied for Apollo 12 through
the use of hammocks and through procedural changes which eliminated pre-
chilling of the crew prior to the beginning of their sleep period. Al-
though the crew reported they were comfortable during the sleep period
on the lunar surface, they were awakened on occasion by an apparent change
in the sound pitch produced from the water/glycol pump installation. This
pump package is mounted on a bulkhead in the aft cabin floor area which is
not generally subjected to significant variations in cabin temperature or
pressure. All pump performance data, including temperature, line pressure,
and input voltage, appear normal during the sleep period, indicating the
pump frequency could not have varied perceptibly. Cabin temperature and

" pressure were also essentially constant during this period.” The only ex-

planation for the change in pitch, while unlikely, is that the fluid lines
and supporting structure near and downstream from the pump experienced
physical changes which altered the vibrational harmonics sufficient to
produce, on occasion, detectable changes in pitch frequency. Because all
pump parameters indicated normal operation, no system modifications are
required. However, reports on past flights of an annoying noise level :in
the cabin has prompted a modification to the plumbing for future flights
which significantly reduces noise and which will probably eliminate any
pitch variations from surrounding structure.

e e e s e v mmm - omead
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Behind the moon during the second revolution after lunar lift-off,
erratic fluctuations in the carbon dioxide partial-pressure sensor activ-
ated the caution-and-warning system, and the crew selected the secondary
lithium hydroxide cartridge. The secondary cartridge also exhibited er-
ratic indications. This condition was expected, because a similar prob-
lem was observed during Apollo 11 and was determined to be the result of
free water from the water separator drain tank being introduced into the
sensor casing. The sensor line will be relocated to prevent recurrence
of this problem, as discussed in section 1L4.2.3.

v emrm e = 811 CREW STATION - - s mmesmm s o oo

8.11.1 Displays and Controls

The displays and controls functioned satisfactorily in all but the
following areas.

The main shutoff valve flag indicator for the system-A reaction con-
trol system did not indicate properly when the valve was commanded open;
however, telemetry data showed that the valve had opened, thus indicating
faulty flag operation. This indicator had exhibited sticky operation
during a ground test, and the discrepancy is generic to flag indicators.

After lunar lift-off, the exterior tracking light operated normally
during the first darkness pass but did not operate during the second
darkness pass. The light switch was cycled, and telemetry indicated that
power consumption was normal after the failure occurred. The power in-
dication confirmed normal operation of the power supply and isolated the
failure to the high-voltage section of the light. Section 14.2.4 contains
further details of this problem.

The docking hatch floodlight switch failed to turn off the flood-
lights after the first lunar module checkout. The crew checked the switch
manually, and it performed correctly. An improper adjustment between the
switch and the hatch was the likely cause of the problem, and an improved
installation procedure will be implemented for future missions. For fur-
ther discussion of this problem, see section 1k4.2.1.

8.11.2 Crew Provisions

When the Commander attempted to zero the portable life support sys-
tem feedwater bag scale, the zero adjustment nut came off. The nut was
reinstalled with difficulty, and the feedwater was successfully weighed.
If the scale is required for future missions, the zero-adjustment screw
will be lengthened and the end peened to retain the adjustment nut.
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The lunar equipment conveyor satisfactorily transferred equipment
into the lunar module, although a considerable amount of lunar dust was
picked up during the operation. One problem with the lunar equipment
conveyor occurred at initial deployment, when the retaining pin on the
strap slipped out of the conveyor stirrup. The Lunar Module Pilot cor-
rected this condlition by replacing the strap through the stirrup, and no
further problems occurred. The retaining pin will be modified to preclude
this problem on future missions.

8.12 EXTRAVEHICULAR MOBILITY UNIT

Performance of the extravehicular mobility unit was excellent during
both extravehicular periods. After a brief acclimation phase, crew mobil-
ity with the extravehicular mobility unit was excellent in the 1/6-g lunsr
environment. Balance, stability, and movement were essentially the same
as for Apollo 1ll. The metabolic rates and the oxygen and feedwater con-
sumptions were lower than predicted (table 8.12-I), as also observed dur-
ing Apollo 11. The crewmen remained comfortable, and only an occasional
opening of the portable life support system diverter valve beyond minimum
cooling was required for crew comfort.

Preparations for the first extravehicular activity proceeded rapidly,
with only minor problems. On the Lunar Module Pilot's portable life sup--
port system, the tab for the lithium hydroxide canister cover lock appar--
ently did not snap into the locked position while closing. Although the
cover was locked, the Lunar Module Pilot manually verified tab locking as
a precautionary measure. The failure to audibly lock into the detent
position was undoubtedly caused by the locking ring and the dish having
a slight misalignment, which did not actually prevent detent locking.

The misalignment has been duplicated on identical hardware, with locking
characteristics similar to those observed, but is not a problem. A con-
centricity check will be made on all future flight canisters.

Two delays during preparation for the first extravehicular activity
were caused by deviating from the checklist.- The first occurred when the
Commander activated the portable life support system fan but could not
verify flow because the oxygen hoses had inadvertently been left discon-
nected from the suit. The second delay occurred when both crewmen had
inoperable headset microphones because the push-to-talk switch on the
remote control unit had not been moved from "off" to "main."

One unusual event occurred prior to turning on the portable life
support system oxygen during preparation for the first extravehicular
activity. The portable life support system had been connerted to the
suit, with helmet and gloves on and the fan running. After several min-
utes in this ccndition, the suits began to squeeze the crewmen, since
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TABLE 8.12-I.- EXTRAVEHICULAR MOBILITY UNIT CONSUMABLES

eThese numbers are factored to include an estimated 1.2 pounds of
water lost when the lunar module hatch was accidentally closed, causing
the Lunar Module Pilot's portable life support system sublimator to break
through.

Commander Lunar Module Pilot
Ccndition
Actual Predicted Actual Predicted
First extravehicular activif&
Time, min 231 210 231 210
““Ooxygen, 16 o T
Loaded 1.254 1.27 1.266 1.27
Consumed 0.725 0.873 0.725 0.873
Remaining 0.529 0.397 0.541 0.421
Feedwater, 1b
Lcaded 8.56 8.60 8'50a 8.60
Consumed 4.5 5.4 k., 69a 5.2
Remaining 3.8 3.2 3.81 3.4
Power, W-h i
Initial charge 282 270 282 270
Consumed 187 130 188 130
Remaining 095 1ko 9k 1ko
Second extravehicular
activity
Time, min 226 210 222 210
Oxygen, 1b
Lcaded -1.150 1.169 1.150 1.169
Consumed ) 0.695 0.886 0.T720 0.849
Remaining 0.455 0.283 0.430 0.32
Feedwater, 1lb
Loaded . 8.56 8.6 8.50 8.6
Consumed 3.89 6.2 4.69 5.8
Remaining L.67 2.4 3.81 2.8
Power, W-h
Initial charge. 282 270 282 270
Consumed 177 130 177 130
Remaining 105 140 105 140

L —— .- -
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Because the Commander's pressure garment assembly was too short in
the legs, considerable discomfort was experienced while wearing the gar~
ment in the unpressurized configuration. This misfit resulted from insuf-
ficient time in the suit prior to flight to determine the proper adjust-
ment following a last-minute factory rework to correct a leaking boot.
Prior to the second extravehicular period, the Lunar Module Pilot cor-
rected a similar condition in his suit by adjusting the laces to lengthen
the pressure suit legs.

Twice during the second extravehicular period the Lunar Module Pilot
felt a pressure pulse in his suit. A review of data, however, shows no
pulse, and this problem is discussed in section 14.3.8.

The performance of the lunar extravehicular visor assembly, which
was fitted with side blinders, was excellent. Because the sun angle was
very low (near 6 degrees) during extravehicular activities, an additional
blinder located at the top center of the visor would have improved visi-
bility. The crewman reduced glare in this situation by blocking out the
sun with his hand. An adjustable center blinder, which may be pulled
down, will be available for future missions.

The crewmen reported that because of the drying effect of the oxygen
atmosphere, it would be desirable to have at least one drink of water dur-
ing a U-hour extravehicular period (discussed in section 9.10.3). Future
missions will have this capability provided by an in-the-suit drinking bag.

In summary, the calculated metabolic rates of both crewmen during
the extravehicular periods were lower than predicted. The extravehicular
mobility unit exhibited no significant malfunctions and performed well
before and during the extravehicular portions of the mission.

8.13 CONSUMABLES

On the Apollo 12 mission, the actual usage of only one consumable
for the lunar module deviated by as much as 10 percent from the preflight
predicted amount. This consumable was the descent stage batteries. The
actual ascent stage water usage was less than predicted because the power
load during ascent was less than predicted.

All predicted values in the following tables were calculated before
flight.
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8.13.1 Descent Propulsion System Propellant

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

c o Actual value, 1lb Predicted
ondition 1ue. 1b
Fuel Oxidizer | Total va >

Loaded 7079 11 350 18 k429 18 429
Consumed 6658 10 596 | 17 254 | 17 762%
Remaining at engine cutoff

Tanks 386 693

Manifold 35 61

Total 421 75k 1175 667

a . . . .
Includes allowances for dispersions and contingencies

8.13.2 Ascent Propulsion System Propellant

The actual ascent propulsion system propellant usage was within
5 percent of preflight predictions. The loadings in the following table
were determined from measured densities prior to lift-off and from weights
of off-loaded propellants. A portion of the propellants was used by the
reaction control system during ascent stage operations.

o Actual value, 1lb Predicted
Condition value. 1b
Fuel Oxidizer | Total ’
Loaded 2012 3224 5236 5236
Consumed
By ascent propulsion
system 1831 2943 L88L
By reaction control
system 31 62
Total 1862 3005 L867 4884
Remaining at ascent stage
impact 150 219 369 352
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8.13.3 Reaction Control System Propellant

The preflight planned usage includes 105 pounds for a landing site
redesignation maneuver of 60 ft/sec and 2 minutes flying time from 500
feet altitude. The reaction control propellant consumption was calcu-
lated from telemetered helium tank pressure histories using the relation-
ships between pressure, volume, and temperature.

o Actual value, 1b Predicted
Condition value. 1b
Fuel Oxidizer | Total ?
Loaded
System A 108 209
System B 108 209
Total 216 418 634 633
Consumed to:
Docking 315 305
Impact® 433 L2l
Remaining at lunar module
impact 201 209

aEssentia.lly includes that consumed in the deorbit maneuver.

—r
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8.13.4 Oxygen

The deviations of actual usage from the predicted consumption result
mainly from incomplete telemetry data. When the oxygen is loaded, the
pressure and temperature of the oxygen are monitored. In flight, oxygen
pressure is the only parameter monitored, and any deviation in temperature
causes a change in pressure. Therefore, unrecorded temperature changes
can create significant errors in the calculated oxygen consumption. The
oxygen used for metabolic purposes is unreasonably low and indicates that
temperature changes took place which lend uncertainty to the true indica-
tion of actual oxygen usage.

Actual .
Condition value, Predicted
value,.1lb
1b
Loaded (at lift-off)
Descent stage 48.0 48.0
Ascent stage
Tank 1 2.4 2.4
Tank 2 2.4 2.4
Total 4.8 4.8
Consumed
Descent stage 25.0 32.0
Ascent stage
Tank 1 0.6
Tank 2 0
Total 0.6 1.0
Remaining in descent stage at 23.0 16.0
Junar lift-off
Remaining at docking
- " Tank 1 7 T TTTa.B 1] il |
Tank 2 2.4 2.4
Total L,
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8.13.5 Water

The actual water usage was within 13 percent of the preflight pre-
dictions. In the following table, the actual quantities loaded and con-
sumed are based on telemetered data. The deviation in the actual usage
of ascent-stage water from predicted usage occurred because the dc elec-
trical load was lower than predicted.

Actual .
e - -.Condition - i | - value, ‘Predlcted‘ . -
value, 1b
1b
Loaded (at lift-off)
Descent stage 252.0 250.0
Ascent stage
Tank 1 k2.5 k2.5
Tank 2 L2.5 2.5
Total 85.0 85.0
Consumed
Descent stage 169.2 17L4.3
Ascent stage
Docking
Tank 1 11.2 13.5
Tank 2 10.5 13.5
Total 21.7 27.0
Impact
Tank 1 20.5 22.7
Tank 2 19.5 2.7
Total Lo.o Ls5. 4
Remaining in descent stage at 82.8 5.7
lunar lift-off
Remaining at ascent stage impact
Tank 1 : 22 19.8
Tank 2 23 19.8
Total L5 39.6
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8.13.6 Helium

The consumed quantities of helium for the main propulsion systems
were in close agreement with predicted amounts. Helium was stored
ambiently in the ascent stage and supercritically in the descent stage.

- Helium loading was nominal, and the usage quantities in the following
table were calculated from telemetered data. An additional 1 pound was
stored ambiently in the descent stage for valve actuation and is not re-
flected in the values reported.

Descent propulsion | Ascent propulsion
Condition Actual Predicted Actual Prédicted'
value, value, 1b value, value, 1lb
1b ’ 1b >
Loaded 48.1 48.1 13.2 13.2
Consumed 4o.1 4o.1 9.2 9.2
Remaining 88.0 8.0 )0 4.0

®pt lunar landing.

At ascent stage impact.
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8.13.7 Electrical Power

The crew did not use the interior floodlights according to the check-
list, which called for the lights to be at full brightness for all lunar
module operations except during the extravehicular and sleep periods.
Descent battery usage predicted for these lights was 91 A-h, or 9 percent
of the total budget. The lights were used only part of the time during
descent and very little while on the surface.

For Apollo 13, predictions will be adjusted to reflect a more prac-
tical floodlight operating cycle.

Electrical power consumed, A-h |
Batteries
Actual Predicted
Descent 1023 11h7
Ascent (at 8230 2k5
docking)

%The failure of the tracking light 1 1/2 hours
after lunar lift-off resulted in a saving of
16 A-h.

Ty




Commander Chartes Conrad, Jr., Commander Module Pilot Richard F. Gordon, and
Lunar Module Pilot Alan L. Bean
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9.0 PILOTS' REPORT

The Apollo 12 mission was similar in most respects to Apollo 11, and
this section highlights only those aspects, from the pilots standpoint,

" which were significantly different from previous flights. In addition,

the flight plan was followed very closely. The actual sequence of flight
activities was nearly identical to the preflight plan Figure 9-1 is lo-
cated at the end of the section for clarity.

9.1 TRAINING

The training plan was completed on November 1, 1969, as scheduled.
After that date, the training activities were intended as refreshers,
except for the detailed planning for the geology traverse scheduled for
the second extravehicular excursion. The training time expended provicled
adequate preparation except in the minor areas to be noted later. Prior
to the Apollo 12 preparation, the crew had completed a l-year trainirg

period as the backup crew for Apollo 9, and each pilot was well versed in
his particular systems area.

9.2 LAUNCH

The countdown progressed normally and ran approximately 20 minutes
ahead of schedule after crew ingress. Two system discrepancies were
noted during the countdown. A random low-light-level flashing of all
"8's" was evident on the display keyboard, and a flashing tuning fork was
indicated from the mission event timer on the main display console (sec-
tion 14.1.1). This keyboard behavior had been experienced before in
ground tests and was not considered a significant problem. The central
timing equipment was determined to be operating correctly, and the timing
problem was isolated to the m1551on tlmer whlch was not con51dered essen-—
tial for launch. ’ T

Engine ignition and lift-off were exactly as reported by previous
crews. The noise level was such that no earpieces or tubes from the
earphones were required. Communications, including the "tower clear"
call, were excellent. A potential discharge through the space vehicle
was experienced at 36 seconds after lift-off and was noted by the Com-
mander as an illumination of the gray sky through the rendezvous windcw,
as well as an audible and physical sensing of slight transients in the
launch vehicle. The master alarm came on immediately, and the following
caution lights were illuminated (section 14.1.3): fuel cells 1, 2, and
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3; fuel cell disconnect; main bus A and B undervoltage; ac bus 1l; and ac

bus 1 and 2 overloads. At approximately 50 seconds, the master alarm came

on again, indicating an inertial subsystem warning light. Because the

attitude reference display at the Commander's station was noted to be

rotating, it was concluded that the platform had lost reference because

of a low voltage condition. Although the space vehicle at this time had *
experienced a second potential discharge, the crew was not aware of its

occurrence. :

The Lunar Module Pilot determined that power was present on both ac .
buses and had read 24 volts on both main dc buses. Although main bus
voltages were low, the decision was made to complete the staging sequence
before resetting the fuel cells to allow further troubleshooting by the
crew and flight controllers on the ground. It was determined that no short
existed, and the ground recommended that the fuel cells be reset. All
electrical system warning lights were then reset when the fuel cells were
placed back on line. The remainder of powered flight, through orbit in-
sertion, was normal. The stabilization and control system maintained a
correct backup inertial reference and would have been adequate for any
required abort mode.

One item noted prior to lift-off and at tower jettison was water on
spacecraft windows 1, 2, and 3 beneath the boost protective cover. At
the time of tower jettison, water had already frozen and later a white
powdery deposit became apparent after the frozen water sublimated. These
windows remained coated with the deposit throughout the flight, and this
condition prevented the best quality photography.

9.3 EARTH ORBIT

Because of the potential discharges experienced during launch, several
additional checks were performed in earth orbit prior to commitment for
translunar injection. These checks included a computer self-check, an -
E-memory dump, and a verification of thrust vector control. In addition, .
since platform reference had been lost during launch, a platform align-
ment and two realignments, to check gyro drift, were conducted. The plat-
form alignment caused the only difficulty when the lack of good dark adap-
tation made finding stars in the telescope quite difficult. A second
factor was that the particular section of the celestial sphere observable
at the time was one in which there were no bright stars. The onboard star
charts, together with a valid launch reference matrix in the computer,
helped appreciably and permitted use of indicated attitudes to locate
stars. The stars Rigel and Sirius were used for the platform orientation.
Once the platform was aligned, the navigation sightings using auto optics
were no problem.
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9.4 TRANSLUNAR INJECTION

The translunar injection checklist was accomplished as planned and
on schedule. The additional checks and alignments provided no appreci-
able interference, since the timeline was flexible and had been designed
to handle such contingencies. The computer program that was loaded into
the erasable memory to count down to the launch-vehicle start sequence
for translunar injection was a useful addition to onboard procedures.
The S-IVB performed all maneuvers, and the translunar injection firing
was exactly as planned. The onboard monitoring procedures were excellent
and appeared to be adequate for a manual takeover if required.

9.5 TRANSLUNAR FLIGHT

9.5.1 Transposition and Docking

Physical separation prior to transposition and docking was commenced
normally at 3:18:00, but it was observed that the quad-A secondary-fuel
and one of the quad-~-B helium talkbacks indicated barberpole. They were
reset immediately with no problems. The only system discrepancy encoun-
tered during transposition and docking involved the use of the entry
monitor system for measuring the separation velocity provided by the re-
action control system. Procedurally, forward thrust was to be applied
until the entry monitor system counter indicated minus 100.8 ft/sec.
Upon observing the counter shortly after separation, it indicated minus
98 ft/sec; therefore, an accurate measurement of velocity change could
not be obtained and forward thrust was continued until separation was
assured. The remainder of transposition and docking was conducted in
accordance with the checklist. Instead of using the velocity counter to
determine separation velocity, the reaction control thrusting should be
based on a fixed interval of time. The docking maneuver was performed
using autopilot control with 0.5-deg/sec rates and 0.5-degree attitude
deadbands. Closing velocities at contact were low and consistent with
previous flights., 7~~~ 7 v o o T '

All post-docking tasks were conducted in accordance with the check-
list. Spacecraft ejection was conducted at OL:13:00 and was normal in
all respects. The high reaction control propellant consumption encoun-
tered with the heavy spacecraft (that is, with the lunar module attachzd)
can be avoided by performing maneuvers using only a 0.2-deg/sec maneuvar
rate. Also after clearance from the S-IVB is verified, no additional
tracking of the S-IVB is needed.



9.5.2 Translunar Coast

Activities during translunar coast were similar to those of previous
lunar missions and were conducted as planned. The only change from nomi-
nal procedures was an early entry into the lunar module to verify that
the systems had suffered no damage as a result of the potential discharges
during launch. Navigation sightings using the earth limb showed a signif-
icant variation in the height of the atmosphere. Future crews should use
the apparent visible horizon, instead of the airglow layer, for consis-
tently accurate sightings. Attitude stability was excellent during pas-
sive thermal control, which was initiated as planned.

9.5.3 Midcourse Correction

The only midcourse correction required was performed at the second
option point with the service propulsion system. This maneuver, the only
major change from Apollo 11 during this phase, placed the spacecraft on
a "hybrid" non-free-return trajectory (section 5.0). Longitudinal veloc-
ity residuals were trimmed to within 0.1 ft/sec.

9.6 LUNAR ORBIT INSERTION

The lunar orbit insertion and circularivation maneuvers were con-
ducted in accordance with established procedures using the service pro-
pulsion system and primary guidance. Residuals were within 0.1 ft/sec
about all axes. The computer indicated that the spacecraft was inserted
into a 170.0- by 61.8-mile orbit. The planned firing time calculated
from ground tracking was 5 minutes 58 seconds, whereas the firing time
as observed onboard, was 5 minutes 52 seconds. The circularization ma-
neuver two revolutions later inserted the spacecraft into a 66.3- by
54.7-mile orbit, which included a planned navigation bias as was used in
Apollo 11.

9.7 LUNAR MODULE CHECKOUT

Activities after circularization were generally routine in nature
and closely followed the flight plan. The Commander and the Lunar Module
Pilot entered the lunar module for inspection, cleanup, and stowage. Dur-
ing this time, a scheduled landmark tracking of a crater (designated H-1)
in the vicinity of Fra Mauro was normal in all respects and established
procedures were used without difficulty.
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Lunar module checkout prior to descent orbit insertion was commenced
on time after completion of suiting and proceeded normally. Two new pro-
cedures were used during this flight to eliminate unnecessary orbital per-
turbations so that state vectors for descent orbital insertion would be
known accurately. All docked maneuvers were conducted using balanced
thrust coupling, and the soft undocking was performed in a radial atti.tude.
The soft undocking was normal in all respects and procedurally similar to
that for Apollo 9. The first separation maneuver was accomplished by fir-
ing the service module reaction control thrusters in the plus-Z direction
while in a local horizontal attitude.

Lunar module power-up varied in two aspects from planned procedures.
The crew had decided to evaluate in real time the suit donning in the
command module and, if practical, to suit the Lunar Module Pilot and then
the Commander prior to initial transfer. This procedure was shown to be
feasible, and the Lunar Module Pilot was fully suited when he entered the
lunar module for power-up. During preflight simulations of power-up, it
was apparent that several scheduled events in the pre-descent timeline
had a minimal time allotted because of the scheduled landmark tracking
and platform alignment prior to reaction control system checks, which
required network coverage. Therefore, procedures were established with
the ground to gain additional time for possible contingencies and to per-
form the reaction control hot- and cold-fire checks that could be done
prior to landmark tracking. All systems checked out well on initial
power-up, and as a result, the timeline in the lunar module remained about
40 minutes ahead of schedule after the first revolution. Undocking oc-
curred on time, with the only unexpected events being an 1106 alarm upon
computer power-up, the validity of rendezvous radar self-test values in
the checklist, and a low rendezvous radar transmitter power output.

9.8 DESCENT ORBIT INSERTION

The lunar module was pitched and yawed at undocking to the planned
inertial attitude, and then a yaw maneuver was manually initiated to

“achieve the proper attitude for automatic sighting maneuvers. Three

automatic maneuvers were performed, two for star sightings and one for

the landing-point-designator calibration. A maneuver was then complei:ed
to the descent orbit insertion attitude, which was maintained until a:fter
ignition. The descent orbit insertion maneuver was initiated on time and
velocity residuals, as indicated by the primary system, were very low and
in close agreement with those displayed by the abort guidance system.
Therefore, no velocity trimming was necessary. Soon after descent orbit
insertion, the lunar module was maneuvered to the attitude for powered
descent initiation. Throughout the flight phase from undocking to powered
descent, maneuvering was held to a minimum so as not to perturb the estab-
lished orbit.
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9.9 POWERED DESCENT

The powered descent initiation program was selected twice in the
timeline; the first was to permit a quick look at system operation about
25 minutes after descent orbit insertion and the second was 8 minutes
prior to powered descent initigtion after receiving the latest network
update. Powered descent initiation and throttle-up were on time. Through-
out the major portion of descent, considerable reaction control thruster
activity, which has been attributed to fuel slosh (see section U4.2.2) was

noted. The landing point update was received and entered at approximately — — = == "=

1-1/2 minutes after powered descent initiation. The landing radar alti-
tude and velocity lights went out, indicating proper radar acquisition,
approximately U4 seconds apart at altitudes near 41 000 feet.

Throttle-down occurred within 1 second of the predicted time. The
abort guidance system readouts remained consistent with the primary sys-
tem at all times, and the abort guidance altitude was updated three times
during descent. Computer switchover to the landing program occurred on
time. Immediately after pitchover, lunar surface features seen through
the window were not recognizable. The field of view and the lunar sur-
face detail are greater than in the simulator, and training photographs
are not adequate preparation for the first look out the window. However,
with the first sighting through the landing point designator at the nom-
inal L42-degree angle, all the planned landmarks became very obvious. The
subsequent landing-point-designator angles indicated a zero crossrange
error and a downrange error that was either very small or non-existent.
Therefore, no early landing-site redesignations were required.

The first redesignation, a 2-degree right correction, was made late
in the descent to maneuver out of the center of the Surveyor crater. Sev-
eral redesignations were then made, both long and short (fig. u4-11),
according to the condition apparent at the time. The preselected landing
site at the 4-o'clock position (from north) around Surveyor crater did not
appear to be suitable upon reaching an altitude of 800 feet, and a more
suitable site appeared to be one near the 2-o'clock position. The manual
descent program was entered at approximately 400 feet altitude to prevent
an apparent downrange miss and to maneuver to the left. A steeper-than-
normal descent was made into the final landing site. Dust was first noted
at approximately 175 feet in altitude. The approach angle was approximately
LO degrees to the surface slope. A left translation was easily initiated
and subsequently stopped to maneuver over to the landing site. The last
100 feet were made at a descent rate of approximately 2 ft/sec. Prior to
that time during the landing phase, the maximum descent rate was 6 ft/sec.
The dust continued to build up until the ground was completely obscured
during approximately the last 50 feet of descent (section 6.1). Although
the cross-pointer velocity indicator was not checked prior to 50 feet, at
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which point ground reference was obscured, the indicator read zero, indi-
cating zero crossrange and downrange velocities. All quoted altitudes
during final descent were based on computer values, as read by the Lunar
Module Pilot, and the computer indicated 19 feet in altitude after touch-
down. The computer altitude indication is referenced to landing-site
radius and ideally should have been approximately 4 feet.

Although the lateral velocities were actually zero, as indicated, a
possible indicator failure was suspected, and control was continued half
visual and half by instruments. The Commander was scanning the instru-
ments when the lunar contact light illuminated. The engine was subse-
quently shut down. The touchdown which followed was very gentle, and
during extravehicular activity, a postflight examination of the gear
struts and pads indicated zero translation and very low sink rates at
touchdown.

The descent fuel and oxidizer tanks were vented as planned, and the
"stay" decisions were received on time. Two lunar surface alignments
were performed, and the lunar module was then powered down to the con-
figuration for extravehicular preparation.

9.10 LUNAR SURFACE ACTIVITY

9.10.1 Preparation for Initial Egress

Initial egress to the surface occurred later than planned, because
more time than anticipated was spent in locating the lunar module posi-
tion on the surface prior to egress. It also took longer than expected
to configure the suit hoses and position communication switches from mem-
ory, instead of a specific checklist callout. The checklist was accurate
and adequate for preparing all equipment for extravehicular activity.

The one-g high fidelity preflight simulation of preparation for extrave-
hicular activity was extremely beneficial and resulted in both crewmen
preparing for surface activity in a rather routine fashion.

Defining the exact location of the lunar module proved to be 4diffi-
cult because of the limited field of view through the windows, the gen-
eral tendency to underestimate distances (sometimes as much as 100 per-
cent), and the difficulty in seeing even large craters outside a distance
of several hundred feet. An accurate position of the spacecraft was eas-
ily determined after egress to the lunar surface.

Communications while using the backpack equipment within the cabin
were excellent at all times, and no garbling with the antenna either stow-
ed or deployed was experienced. The improved circuit breaker guards were
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effective in that no circuit breakers were accidentally opened or closed
throughout lunar module activities.

During the lU- or 5-minute period immediately after donning the helmet
and gloves, but prior to the integrity check of the extravehicular mobil-
ity unit, the suits tended to shrink around both crewmen and resulted in
a rather uncomfortable condition. This problem was solved by momentarily
actuating the oxygen valve to place about 0.5 psi in the suit.

Cabin depressurization without the filter installed on the dump valve

did not take excessive time. It was possible to "peel open" the forward —

hatch from the upper left-hand corner at a cabin pressure slightly higher
than that associated with use of the hatch handle only. It took about

5 seconds after the corner of the hatch was peeled open before the cabin
pressure lowered sufficiently for the hatch to swing to the full-open
position.

9.10.2 Egress

Egress and ingress were found to be relatively simple and similar
to preflight simulations. On the first egress, a 6-inch tear was made
in the outside thermal skin of the door by contact with the lower left-
hand corner of the backpack because the egressing crewman was slightly
misaligned to the left of the hatch centerline. Despite this occurrence,
the size and shape of the hatch are considered to be completely adequate.

After the Commander had first egressed to the surface, the Lunar Module

Pilot moved back and forth across the cockpit to photograph the Commander
and to receive transferred equipment. During this time, the hatch was in-
advertently swung near the closed position, and outgassing from the port-
able life support system sublimator provided enough pressure to close the
hatch. The cabin pressure then rose slightly and caused a water break-
through of the sublimator, with associated caution-and-warning alarms.
When the cause of the breakthrough was discovered, full operation of the
sublimator was quickly restored by opening the hatch and returning the
partially pressurized cabin to a full vacuum.

After the Lunar Module Pilot had egressed (fig. 9-2), he had diffi-
culty in closing the door from the full-open to a partial position, since
there is no exterior handle provided. The flap that covers the hatch lock
handle cannot be reached from outside the spacecraft with the door full
open, and the only other protuberance, the door covering the dump valve,
is so close to the hinge line that considerable force must be used to
close the door.

T R
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Figure 9-2.- Lunar Module Pilot descending to the lunar surface.
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Although neither crewman noted a tendency for his boots to slip on
the surface, mobility and stability were generally as reported in
Apollo 11. Acclimation took less than 5 minutes and permitted each crew-
man to begin the nominal timeline immediately. The 1/6g and the partial
gravity simulators were excellent training devices for learning the most
efficient ways to move about on the lunar surface. The S5-minute familiar-
ization period at the beginning of each extravehicular period is ideal.

9.10.3 Extravehicular Mobility Unit Operation

The performance of the extravehicular mobility unit was faultless.
Although the maximum cooling position of the portable life support system
diverter valve had been used frequently during preflight testing involving
high workloads, the minimum cooling position with occasional l-minute
intermediate cooling selection was completely adequate to perform even the
most strenuous lunar surface work. Continued use of the minimum cooling
configuration was surprising, since both crewmembers felt that they were

working at about the maximum practical level needed for lunar surface acti-
vity. Even at these workloads, it was believed that extravehicular periods

could be extended to as many as 8 hours without excessive tiring. During
the two L-hour work periods for this flight, it would have been desirable
to have at least one drink of water because of the drying effect of the
oxygen atmosphere. Extravehicular periods of longer duration will require
some water and possibly energy in the form of liquid food. Although the
suit was completely adequate to accomplish mission objectives, the effic-
iency of the overall lunar surface work could be enhanced by 20 or 30 per-
cent if it were possible to bend over and retrieve samples from the sur-
face. [Ed. note: A suit with this capability is planned for Apollo 16.]

Although the gloves were found to be clumsy for changing camera maga-
zines, they were completely acceptable for all other tasks. The Lunar
Module Pilot felt a slight heat soak-through in the palms of the gloves
when he carried the lunar tools or gripped the hammer, such as when pound-
ing in a core tube.

The checklist on the glove cuff was an excellent device and provided
good readability and ample space for information without interfering with
normal tasks.

It was difficult to walk "heel-toe, heel-toe" on the lunar surface in
a fashion similar to an earth walk because of suit mobility restriction.
As reported by the Apollo 11 crew, it was much easier to lope about in a
stiff-legged, flat-foot fashion. Because of the reduced gravity, there
is a brief period when both feet are off the ground, a condition which
gives the crewman the impression he is moving rapidly. However, as simu-
lated with the centrifuge partial gravity simulator before flight, the
surface movement was only about 4 ft/sec, a normal earth walking pace.

B e
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9.10.4 Extravehicular Visibility

Lunar surface visibility was not too unlike earth visibility, except
that the sun was extremely bright and there was a pronounced color effect
on both the rocks and soil. Cross-sun and down-sun viewing was not hin-
dered to any great degree. When viewing up sun, it was necessary to use
a hand to shield the eyes, because the usual technique of "squinting"
the eyes did not sufficiently eliminate the bright solar glare. It would
have been helpful to have an opaque upper visor on the helmet similar to
the two side visors provided for this flight. It was difficult to view
down sun exactly along the zero-phase direction. This deficiency did not
hinder normal lunar surface operations because the eyes could be scanned
back and forth across this bright zone for visual assimilation. ObJjects
in shadows could be seen with only a slight amount of dark adaptation.
The apparent color of the lunar surface depended on both the angle of
sun incidence and the angle of viewing. At the low sun angles during
the first extravehicular period, both the soil and the rocks exhibited a
slight gray color. On the second extravehicular excursion, the same rocks
and soil appeared to be more a light brown color. Because the sun angle
had such a pronounced effect on color, minerals within the rocks were
difficult to identify, even when the rocks were held in the hand and under
the best possible lighting. During the first extravehicular period, the
slope at the Surveyor location was in shadow, and this slope appeared to
have an inclination of about 35 degrees. However, the next day after the
sun had risen sufficiently to place the Surveyor slope in sunlight, the
inclination appeared to be 10 or 15 degrees, which is closer to the true
value.

9.10.5 Lunar Surface Experiments

The deployment handle for the door to the modularized equipment stow-
age assembly in the descent stage could not be pulled from its socket.
Therefore, the door was lowered by pulling on the cable extending from
the handle to the release mechanism. The experiments package was then
easily unloaded. The booms should be eliminated since there is no pro-
nounced tendency to be unbalanced when removing the large experiment pack-
ages from the lunar module. The straps which open the scientific equip-
ment bay doors, extend the booms, and lower the packages and fuel cask
were excessive in length. Considerable effort was required to keep them
from tangling. A smoother and faster unloading could have been accom-
plished if the straps had been considerably shorter and if a manual un-
loading technique had been used. The fuel cask guard (part of the experi-
ment equipment) was also not needed.

The fuel element stuck in the cask (fig. 9-3) and could not be re-
moved with normal force. By striking the side of the cask with a hammer
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NASA-S-70-590

Figure 9-3.~ Lunar Module Pilot extracting the fuel cask. The radioisotope
thermoelectric generator is shown near the crewman.
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and exerting a positive pull on the element, it was possible to extend
the element ian additional 1/8 inch or so for each hammer blow. After the
element had been extended about an inch, it became free and was removed
and placed in the radioisotope thermal generator. The thermal generator
was easy to fuel. Heat radiating from the fuel element was noticeable
through the gloves and during the walk to the deployment site but was
never objectionable.

The experiment packages were deployed to a distance of about U425 feet.
The necessity for gripping the carry bar tightly was tiring to the hands.
Some type of over-the-neck strap would probably be advantageous for de-
ployment distances beyond 300 feet. Selection of a suitable deployment
site was not difficult in the Apollo 12 landing area. The central sta-
tion deployed normally. Leveling and aligning of the antenna vere pe:r-
formed according to the checklist.

Special care had to be taken when deploying the power cable, since
the bracket had been heated by the thermal generator. This deployment
was necessarily a two-man operation. The silver and black decals on xhe
equipment were very difficult to read in the bright sunlight. After -<he
power plug was connected to the central station, the shorting-plug cur-
rent could not be read because the needle was not visible in the instiru-
ment window. It is possible that the shorting plug had already been de-
pressed prior to the intended time.

The passive seismic experiment was difficult to deploy because the
mounting stool did not provide sufficient protection against inadvertent
contact of the bottom of the experiment with the lunar surface. To over-
come this deficiency, it was first necessary for the crewman to dig a
small hole with his boot, a procedure which was time consuming and not
very precise. The thermal skirt would not lie flat when fully deploy=4d,
and it was necessary to use Boyd bolts and clumps of lunar surface mate-
rial to hold the skirt down. Leveling the experiment was simple using
the bubble; however, the metal ball leveling device was useless because
of the lack of adequate damping of ball motion.

-~ Deployment of the suprathermal ion detector was difficult because of
the short distance between the three legs. The ground screen on which the
detector was to sit had a spring loaded over-center feature which made it
difficult to deploy. The protective 1lid, designed to be released by ground
command, opened accidentally three times during deployment and had to be
reclosed. The deployment operation was therefore time consuming, and the
cover was left open the last time, since the experiment was already in
place.

The cold cathode gage could not be deployed with the aperture facing
west because the power cable was too stiff. Once the gage was set in the
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proper position, the cable would move it to an aperture-down attitude.
After about 10 attempts, which required both crewmen, the gage accidentally
assumed an aperture-up position and was left in this attitude since it
appeared to function normally.

It was impossible to work with the various pieces of experiment
equipment without getting them dusty. Dust got on all experiments dur-
ing off-loading, transporting, and deployment, both as a result of the
equipment physically touching the lunar surface and from dust particles
scattered by the crewmen's boots during the deployment operation. Because

there does not appear to be a simple means of alleviating this dust con-

dition, it should become a design condition. Although both experiment
package tools worked well, the deployment could have been more efficient
if the tools had been from 2 to 5 inches longer. The difficulty in fit-
ting and locking both tools in most of the experiment receptacles was
frustrating and time consuming. Looser tolerances would probably elimi-
nate the problem.

The environmental sample and the gas sample were easy to collect
in the container provided, but there was a noticeable binding of the
threads when replacing the screw-on cap. The binding could have been
caused by a thermal problem, operation in a vacuum, or the threads being
coated with lunar dust. Although the 1id was screwed on as tightly as
possible, the gas sample did not retain a good vacuum during the trip
back to earth.

The solar wind collector was deployed easily but was impossible to
roll up. The collector could be rolled up in a rather normal fashion for
approximately the first 8 inches, but beyond that point the foil would not
easily bend around the roller. The problem was apparently caused by an
increase in foil or foil backing tape stiffness, rather than by roller
spring torque. The foil was rolled by hand before stowage in the Teflon
bag in the sample return container. The Teflon bag was too short and did
not permit the foil to be rolled sufficiently to keep dirt within the
sample box from getting on the solar wind collector.

9.10.6 Surveyor Inspection

The entire Surveyor operation was very smocoth. The bag and tools
were removed from the descent stage storage compartment and placed on the
Commander's back with relative ease. This location did not hinder mobil-
ity or stability and should be considered as a location for other bags
and tools on future missions.

The Surveyor was sitting on a slope of approximately 12 degrees. All
components were covered with a very tenacious dust, not unlike that found
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on an automobile that has been driven through several mud puddles and
allowved to dry. While the dust was on a2ll sides of the Surveyor, it was
not uniform around each specific item. Generally, the dust was thickest
on the areas that were most easily viewed when walking around the space-
craft. For example, the side of a tube or strut that faced the interiior
of the Surveyor was relatively clean when compared to a side facing out-
ward.

Retrieving the television camera was not difficult using the cutting
tool. The tubes appeared to sever in a more brittle manner than the new
tubes of the same material used in preflight exercises. The electrical
cable insulation had aged and appeared to have the texture of o0ld asbestos.
The mirrors on the surface of the electronic packages were generally :in
good condition. A few cracks were seen but no large pittings. ~The only
mirrors that had become unbonded and separated were those on the flight
control electronics package. As a bonus, the Surveyor scoop was removed.
Although the steel tape was thin enough to bend in the shears and could
not be cut, the end attached to the scoop became debonded when the tape
was twisted with the cutter. Several rock samples were collected in the
field of view of the Surveyor television camera for comparison with
original photographs. On the return traverse, the added weight of the
Surveyor components and samples on the crewman's back did not appear *o
affect either stability or mobility.

9.10.7 Lunar Surface Tools

The handtool carrier was light but was still troublesome to carry
about. When a number of samples had been accumulated, it was tiring t.o
hold the carrier at arm's length so that rapid movement was possible. If
a means could be found to attach the carrier to the back of the portable
life support system during the traverse from one geology site to another,
the total geology operation could be carried out more efficiently. It was
generally necessary to set the carrier down with great care to preven: it
from tipping over. The practicality of a pushed or towed vehicle for

_ transporting equipment, tools, and samples over the surface could not be

resolved from the work performed in this mission. However, certain con-
straints, such as the dust which would be set in motion by any wheels,
must be considered in the design of such a vehicle. Also, under the light
gravity, objects carried on such a conveyance would have to be positively
restrained.

The hammer proved to be an effective tool. Since arm motion is in-
accurate in the pressurized suit, the front end of the hammer was gencr-
ally not used when driving a core tube because its striking area was too
small, and the side of the hammer was more useful. The pick portion of
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the hammer is of questionable value because of the danger of flying frag-
ments. The thin metallic coating on the hammer fractured and flew off
during normal hammering operations.

The tongs are from 3 to 5 inches too short to select samples from the
lunar surface easily. Further, their limited jaw size (fig. 9-4) allows
selection of only very small rocks. Because of time limitations, the opti-
mum sample size was larger than either the tongs could pick up or the
sample bags would hold. The individual documented sample containers and
tear-away sample bags were too small to hold the most desirable samples

observed, and the tear-away sample bags were the easier of the two types .. _

to use. Furthermore, the two holding arms for the documented sample con-
tainers became bent because of interference with the suit during normal
movement .

The extension handle was also from 3 to 5 inches too short for opti-
mum use with the shovel. The upper collar that mates with the aseptic
sampler is no longer required and could be removed. The locking collar
for the shovel or core tube was binding slightly by the end of the second
excursion, probably because of dust collection in the mechanism. The
shovel was used to dig trenches, as well as to collect soil samples. With
the present extension handle for the shovel, it was only possible to dig
trenches about 8 inches in depth. Trenching operations were very time
consuming. Because of the continuous mantle of dust that coats most of
the lunar surface, trenching should be deeper and more frequent on future
mission. A specific trenching tool should be used.

Single core tubes were easy to drive and did not require augering.
Friction would steadily build up as the tube went into the lunar soil.
Driving the double core tube required stronger hammer blows. The soil
within the core tube compacts somewhat during the driving operation, par-
ticularly for a double-core-tube specimen. Therefore, space remains in
the tube when it has been driven to its full length.

9.10.8 Lunar Surface Equipment

The single-strap lunar surface conveyor (fig. 9-5) was easy to de-
ploy and generally performed satisfactorily. The end of the strap resting
on the surface collects dust, which is subsequently deposited on the
crewmen and in the lunar module cabin. The metal pin that retains the
lunar module end of the conveyor was not large enough to prevent it from
slipping out of the yoke. By the end of the second extravehicular period,
the lock buttons on the two hooks were extremely difficult to operate be-
cause of accumulated dust. This locking feature is not necessary.
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NASA-5-70-592

Figure 9-5.- Commander operating equipment conveyor.
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The contingency sample could be taken more efficiently if the retrieval
handle were 4 or 5 inches longer. Actually, the contingency sample turned
out to be a fortunate choice, since two of the more unusual rocks collected
during the lunar stay were part of this sample.

The Teflon saddle bags tended to retain their folded shape when removed
from the sample return containers. After the first extravehicular period,
the bags cracked at several points along the crease lines.

Closing of the sample return containers was not difficult and was
similar to that experienced during 1/6g simulations in an airplane. The
seal for the sample return container lid became coated with considerable
dust when the documented samples were being loaded into the container.
Although the surface was then cleaned with a brush, the container did not
maintain a good vacuum during the return to earth.

The television camera operated properly while still stowed in the
descent stage ejuipment compartment. However, while the camera was being
transferred to the deployed surface position, the camera was accidentally
pointed at either the sun or the sun's reflection on the descent stage and
the vidicon tube apparently burned out (section 1Lk.3.1). It is believed
the camera is satisfactory for lunar surface work but will have to be
handled more cautiously. The markings on the lens for focus, zoom, and
aperture were difficult to use because of the bright sun and the fact
that the camera, when mounted on the tripod is not very close to the
crewvman's eyes. A television monitor, similar to that used in the command
module, would be desirable for lunar surface operations. A flight con-
figuration television camera should be furnished for preflight training
and a qualified engineer should be assigned to review crew procedures prior
to flight to insure their adequacy. Although the television cable lay
flat on the ground, it still provided a severe foot entanglement problem
when a crewman was operating near the spacecraft, particularly when near
the descent stage equipment compartment. Routing the cable from a descent
stage quadrant other than the one on which the storage assembly is located
would help.

" The erectable antenna was easy to deploy on its tripod but difficult
to align. The entire unit tends to move about when the handcrank is used
to adjust the antenna dish. The alignment sight does not have a suffi-
cient field of view and must be precisely aligned to contain the earth's
image. Since this function is the purpose of the sight, it may be de-
sirable to add an additional sight with a larger field of view. Although
one-man deployment was satisfactory, both crewmembers were required to
align the antenna.

All shades on the contrast charts could be seen under the conditions
tested. One of the charts was accidentally - dropped to the surface, and
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the dust coating rendered it unusable. The other two charts were used to
look at the two extreme lighting conditions, up sun and down sun on the
walls of a crater.

The exterior of both cameras became extremely dusty on the lunar .
surface. It is believed that some dirt was on the lens, although this .
condition was difficult to.detect because the lenses were recessed.
Cleaning the lens was not possible but would have been desirable. Toward
the end of the second extravehicular period, the fluted thumbwheel on the
screw that attaches the camera to the camera mounting bracket, which then
attaches to the front of 