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1 . 0  MISSION SUMMARY 

The Apollo 14 mission ,  manned by Alan Shepard , Jr . , Commander; 
Stuart A .  Roos a ,  Command M odule Pilot; and Edgar D. Mitchell , Lunar 
Module Pilot ; was launched from Kennedy Space Center ,  Flori da , at 
4 : 0 3 : 02 p .m. e . s . t .  ( 21:03:02 G.m. t . )  on January 31 , 1971 . Because of 
uns atis factory weather conditions at the planned t ime of launch , a 
launch delay ( about 40 minutes ) was experienced for the first time in 
the Apollo program. The activities during earth orbit and trans lunar 
inject i on were similar to  those of previous lunar landing missions ; how­
ever, during transpos ition and docking following t ranslunar injection ,  
six attempts were required t o  achieve docking because of mechanical dif­
ficulties . Televis ion was use d  during t ranslunar coast to observe a 
crew inspection of the prob e  and drogue . All indi cat i ons were that the 
system was functi oning normally . Except for a spe cial check of as cent 
battery 5 in the lunar module, t ranslunar coast after docking proceeded 
according to the flight plan .  Two midcourse correcti ons were performed ,  
one at about 30-l/2 hours and the other at about 77 hours . These cor­
rections achieved the trajectory requi red for the des ired lunar orbit 
insert ion altitude and time parameters . 

The combined spacecraft were inserted into lunar orbit at approxi­
mately 82 hours, and two revolut i ons later, the descent orb it insert i on 
maneuver placed the spacecraft in a 5 8 . 8- by 9 . 1-mile orbit . The lunar 
module crew entered the vehi cle at approximately 101-l/4 hours to pre­
pare for the des cent to the lunar surface . 

The lunar module was undeck e d  from the command module at about 
103-3/4 hours . Prior to  powered des cent, an abort command was delivered 
to the computer as the result of a malfuncti on but a routine was manu­
ally loaded in the computer that inhibited the recognition of an abort 
dis crete . The powered des cent maneuver was initiat e d  at about 10 8 hours . 
A ranging scale problem , whi ch would have prevented acquisition of radar 
data until late in the descent , was corrected by cycling the ci rcuit 
breaker off and on . Landing in the Fra Mauro highlands occurred at 
108 : 15 : 09 . 3. The landing coordinates were 3 degrees 40 minutes 24 sec­
onds south lat itude and 17 degrees 27 minutes 5 5  seconds west longitude . 

The command and servi ce module , after undocking and separati on, was 
placed in a circular orbit having an alti tude of approximately 60 miles 
to photograph the proposed Descartes landing site , as well as perform 
landmark tracking and other t asks requi red for the accomplishment of 
lunar orbit experiments and photography . Communi cat i ons between the com­
mand and servi ce module and earth during this period were intermittent 
because of a problem with the high-gain antenna. 
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1.0 MISSION SUMMARK

The Apollo lb mission, manned by Alan Shepard, Jr., Commander;
Stuart A. Roosa, C mmand Module Pilot; and Edgar D. Mitchell, Lunar

Module Pilot; was launched from Kennedy Space Center, Florida, at

h:O3:O2 p.m. e.s.t. (2l:O3:O2 G.m.t.) on January 31, 1971. Because of

unsatisfactory weather conditions at the planned time of launch, a

launch delay (about ho minutes) was experienced for the first time in

the Apollo program. The activities during earth orbit and translunar

injection were similar to those of previous lunar landing missions; how-

ever, during transposition and docking following translunar injection,
six attempts were required to achieve docking because of mechanical dif-

ficulties. Television was used during translunar coast to observe a

crew inspection of the probe and drogue. All indications were that the

system was functioning normally. Except for a special check of ascent

battery 5 in the lunar module, translunar coast after docking proceeded
according to the flight plan. Two midcourse corrections were performed,
one at about 30-l/2 hours and the other at about 77 hours. These cor-

rections achieved the trajectory required for the desired lunar orbit

insertion altitude and time parameters.

The combined spacecraft were inserted into lunar orbit at approxi-
mately 82 hours, and two revolutions later, the descent orbit insertion

maneuver placed the spacecraft in a 58.8- by 9.1-mile orbit. The lunar

module crew entered the vehicle at approximately lOl-l/h hours to pre-

pare for the descent to the lunar surface.

The lunar module was undocked from the command module at about

103-3/h hours. Prior to powered descent, an abort command was delivered

to the computer as the result of a malfunction but a routine was manu-

ally loaded in the computer that inhibited the recognition of an abort

discrete. The powered descent maneuver was initiated at about 108 hours

A ranging scale problem, which would have prevented acquisition of radar

data until late in the descent, was corrected by cycling the circuit

breaker off and on. Landing in the Fra Mauro highlands occurred at

lO8:l5:O9.3. The landing coordinates were 3 degrees ho minutes 2h sec-

onds south latitude and 17 degrees 27 minutes 55 seconds west longitude.

The command and service module, after undocking and separation, was

placed in a circular orbit having an altitude of approximately 60 miles

to photograph the proposed Descartes landing site, as well as perform
landmark tracking and other tasks required for the acc mplishment of

lunar orbit experiments and photography. Communications between the com

mand and service module and earth during this period were intermittent

because of a problem with the high-gain antenna.
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Preparat i ons for the init i al period of lunar exploration began 
ab out 2 hours after landing. A procedural problem with the lunar module 
communi cations delayed cabin depressuri zat i on ab out 50 minutes . The Com­
mander egressed at ab out 11 3- 3/4 hours and deployed the modular equipment 
stowage assembly as he descended the ladder,  providing transmiss ion of 
color television .  The Lunar Module Pilot egressed a few minutes later . 
Subsequently , the S-band antenna was erected and activate d ,  the Apollo 
lunar sur face experiments package was deploye d ,  and various documented 
lunar s amples were taken during the ext ravehicular period which lasted 
about 4 3/4 hours . A modular equipment t ransporter , used on this mis­
sion for the first t ime , ass isted the crew in carrying equipment and 
lunar s amples . 

Preparations for the second extravehi cular period were begun fol­
lowing a 6 1/2-hour rest period. The goal of the second extravehi cular 
period was to traverse to the area of Cone Crater . Although the crew 
experienced di ffi culti es in navigat i ng , they reached a point within 
approximately 50 feet of the rim of the crater.  Thus , the obj ectives 
as s oci at ed with reaching the vi cinity of this crater and obtai ning the 
des ired s amples were achieved.  Various documented rock and soil s amp les 
were collected on the return t ravers e from Cone Crater , and , upon com­
pleting the traverse, the antenna on the lunar-experiment-package central 
st at i on was reali gne d .  The s econd extravehi cular period lasted ab out 
4-1/2 hours for a tot al extravehi cular time of approximately 9-1/4 hours . 
Ab out 9 6  pounds of lunar s amples were collected during the two extra­
vehicular periods. 

The as cent stage li fted off at about 141-3/4 hours and the vehicle 
was inserted into a 5 1. 7- by 8 . 5-mile orbit . A direct rende zvous was 
performed and the command-module-active docking operations were normal . 
Howeve r ,  during the final braking phas e ,  the lunar module abort gui dance 
system failed after the system was no longer required.  Following crew 
transfer to the command module , the as cent stage was j ett is oned and 
gui ded to impact approximat ely 36 miles west of the Apollo 14 landing 
sit e .  

Trans earth injection oc curred during the 34th lunar revolut ion at 
about 14 8-1/2 hours. During t ransearth coast , one midcourse correction 
was made using the servi ce module react i on control system. In addition , 
a spec ial oxygen flow rat e  test was performed and a navigation exercise 
simulat ing a return to earth without ground control was conducted using 
only the gui dance and navi gation system.  Inflight demonstrations of four 
types of processes under zero-gravity conditi ons were also performed and 
televised to earth . 

Entry was normal and the command module landed in the Paci fic Ocean 
at 216:01: 5 8 .  The landing coordinates were 27 degrees 0 minutes 45 s ec­
onds south latit ude and 172 degrees 39 minut es 30 s econds west longitude . 
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Preparations for the initial period of lunar exploration began
about 2 hours after landing. A procedural problem with the lunar module

communications delayed cabin depressurization about 50 minutes. The Com-

mander egressed at about 113-3/N hours and deployed the modular equipment
stowage assembly as he descended the ladder, providing transmission of

color television. The Lunar Module Pilot egressed a few minutes later.

Subsequently, the S-band antenna was erected and activated, the Apollo
lunar surface experiments package was deployed, and various documented

lunar samples were taken during the extravehicular period which lasted

about M 3/M hours. A modular equipment transporter, used on this mis-

sion for the first time, assisted the crew in carrying equipment and

lunar samples.
_

Preparations for the second extravehicular period were begun fol-

lowing a 6 1/2-hour rest period. The goal of the second extravehicular

period was to traverse to the area of Cone Crater. Although the crew

experienced difficulties in navigating, they reached a point within

approximately 50 feet of the rim of the crater. Thus, the objectives
associated with reaching the vicinity of this crater and obtaining the

desired samples were achieved. Various documented rock and soil samples
were collected on the return traverse from Cone Crater, and, upon com-

pleting the traverse, the antenna on the lunar-experiment-package central

station was realigned. The second extravehicular period lasted about

M-1/2 hours for a total extravehicular time of approximately 9-1/M hours.

About 96 pounds of lunar samples were collected during the two extra-

vehicular periods.

The ascent stage lifted off at about lhl-3/lt hours and the vehicle

was inserted into a 51.7- by 8.5-mile orbit. A direct rendezvous was

performed and the command-module-active docking operations were normal.

However, during the final braking phase, the lunar module abort guidance
system failed after the system was no longer required. Following crew

transfer to the command module, the ascent stage was jettisoned and

guided to impact approximately 36 miles west of the Apollo 11; landing
site.

Transearth injection occurred during the 3hth lunar revolution at

about lh8-1/2 hours. During transearth coast, one midcourse correction

was made using the service module reaction control system. In addition,
a special oxygen flow rate test was performed and a navigation exercise

simulating a return to earth without ground control was conducted using
only the guidance and navigation system. Inflight demonstrations of four

types of processes under zero-gravity conditions were also performed and

televised to earth.

Entry was normal and the command module landed in the Pacific Ocean

at 216:0l:58. The landing coordinates were 27 degrees 0 minutes M5 sec-

onds south latitude and 172 degrees 39 minutes 30 seconds west longitude.
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2.0 INTRODUCTION 

The Apollo 14 mission was the 14th in a series using Apollo flight 

hardware and achieved the third lunar landing. The objectives of the 

mission were to investigate the lunar surface near a preselected point 

in the Fra Mauro formation, deploy and activate an Apollo lunar surface 
experiments package, further develop man's capability to work in the 

lunar environment, and obtain photographs of candidate exploration sites. 

A complete analysis of all flight data is not possible within the 

time allowed for preparation of this report. Therefore, report supple­

ments will be published for certain Apollo 14 systems analyses, as shown 
in appendix E. This appendix also lists the current status of all Apollo 

mission supplements, either published or in preparation. Other supple­
ments will be published as necessary . 

In this report, all actual times prior to earth landing are elapsed 

time from range zero, established as the integral second before lift-off . 

Range zero for this mission was 21:03:02 G.m.t . ,  January 31, 1971. The 

clock onboard the spacecraft was changed at 54:53:36 by adding 40 min­

utes and 2.90 seconds; however, the times given in this report do not 

reflect this clock update. Had the clock update not been performed, in­
dications of elapsed time in the crew's data file would have been in er­
ror by the amount of the delay in lift-off since the midcourse corrections 

were targeted to achieve the prelaunch-desired lunar orbit insertion time. 

Greenwich mean time is used for all times after earth landing. All ref­
erences to mileage distance are in nautical miles . 
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The Apollo lk mission was the lhth in a series using Apollo flight
hardware and achieved the third lunar landing. The objectives of the

mission were to investigate the lunar surface near a preselected point
in the Fra Mauro formation, deploy and activate an Apollo lunar surface

experiments package, further develop man's capability to work in the

lunar environment, and obtain photographs of candidate exploration sites.

A complete analysis of all flight data is not possible within the

time allowed for preparation of this report. Therefore, report supple-
ments will be published for certain Apollo lk systems analyses, as shown

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

In this report, all actual times prior to earth landing are elapsed
time from range zero, established as the integral second before lift-off.

Range zero for this mission was 21:03:02 G.m.t., January 31, 1971. The

clock onboard the spacecraft was changed at 5h:53:36 by adding ho min-

utes and 2.90 seconds; however, the times given in this report do not

reflect this clock update. Had the clock update not been performed, in-

dications of elapsed time in the crew's data file would have been in er-

ror by the amount of the delay in lift-off since the midcourse corrections

were targeted to achieve the prelaunch-desired lunar orbit insertion time.

Greenwich mean time is used for all times after earth landing. All ref-

erences to mileage distance are in nautical miles.
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3. 0 LUNAR SURFACE EXPERIMENTS 

The experiments dis cussed in this s ecti on cons ist of thos e  as soci­
ated with the Apollo lunar surface experiments package ( a suprathermal 
ion detector , a cold cathode gage , a pass ive s eismometer , an active seis­
mometer , and a charge d part i cle environment detector ) , as well as a laser 
ranging retro-reflect or experiment , a lunar portable magnetometer experi­
ment , a solar wind compos ition experiment , lunar geology , and soi l  mechan­
ics . Des criptions of the purpos es and equipment of experiments carri ed 
for the fi rst time on previous missions are given in the reports of those 
missions , and the applicab le reports are referenced where appropriate . 
A bri e f  des cription of the experiment equipment used for the first time 
on Apollo 14 is given in appendix A .  

Lunar surface s ci ent i fi c  act ivities were performed generally as 
planned within the allotted t ime periods . Approximately 5 l /2 hours 
after landing , the crew egressed the lunar module for the first traverse 
of the lunar surface . During the first extravehicular activity period, 
which l as ted 4 hours 47 minutes 50 s econds , the crew: 

a.  Deployed the modular equipment stowage assembly . 

b .  Deployed and operated the color television camera as required 
t o  televise  crew activit i es in the vi cinity of the lunar module . 

foil . 

c .  Trans ferred a contingency sample t o  the lunar module . 

d .  Erected the United States flag an d  the solar wind compos iti on 

e .  Deployed and loaded the modular equipment transporter used to  
aid the as tronauts in t ransporti ng equipment and samples . 

f .  Colle cted surface samples including two "small-football-si ze" 
specimens weighing approximately 4 . 4  and 5.5 pounds . 

g .  Photographed act ivities , panoramas and equipment . 

h .  Deployed the Apollo lunar surface experiments package for the 
continuing colle cti on of lunar sci enti fi c dat a vi a radi o link . 
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3.0 LUNAR SURFACE EXPERIMENTS_

The experiments discussed in this section consist of those associ-

ated with the Apollo lunar surface experiments package (a suprathermal
ion detector, a cold cathode gage, a passive seismometer, an active seis-

mometer, and a charged particle environment detector), as well as a laser

ranging retro-reflector experiment, a lunar portable magnetometer experi~
ment, a solar wind composition experiment, lunar geology, and soil mechan-

ics. Descriptions of the purposes and equipment of experiments carried

for the first time on previous missions are given in the reports of those

missions, and the applicable reports are referenced where appropriate.
A brief description of the experiment equipment used for the first time

on Apollo lh is given in appendix A.

Lunar surface scientific activities were performed generally as

planned within the allotted time periods. Approximately 5 l/2 hours

after landing, the crew egressed the lunar module for the first traverse

of the lunar surface. During the first extravehicular activity period,
which lasted M hours MT minutes 50 seconds, the crew:

a. Deployed the modular equipment stowage assembly.

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

c. Transferred a contingency sample to the lunar module.

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

e. Deployed and loaded the modular equipment transporter used to

aid the astronauts in transporting equipment and samples.

f. Collected surface samples including two "small-football-size"

specimens weighing approximately h.h and 5.5 pounds.

g. Photographed activities, panoramas and equipment.

h. Deployed the Apollo lunar surface experiments package for the

continuing collection of lunar scientific data via radio link.
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Following a planned rest period , the s econd extravehicular activity 
peri od began with preparations for an extended geologi cal travers e. The 
durat i on of the second extravehic ular activity period was 4 hours 34 min­
utes 41 seconds , covering a t ravers e  of approximat ely 1 . 6  miles, during 
which the crew : 

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

b. Collected documented, core tube, and trench-s ite samples . 

c .  Collected a "large-football-s ize" spe cimen weighing approximat ely 
19 pounds . 

d .  Photographe d the area covered, including panoramas and s ample 
s ites . 

e .  Retrieved the s olar wind composition foil . 

f .  Adj usted the antenna on the Apollo lu nar surface experiment s 
package central st ation . 

The evaluat i ons dis cus s ed in this section are based on the data 
obtained during the first lunar day -- largely on crew comments and 
real-time informat i on .  Cert ain equipment difficulties mentioned in this 
s e ction are di s cussed in greater detail in sect i on 14 . 4 .  More compre­
hensive result s  will be summ ari ze d in a separate s ci ence report to be 
published when the detailed analyses are complete ( appendi x E) . The 
s ites at whi ch the v arious lunar surface activiti es were condu cted are 
shown in the figure 3-1 .  The spe cific  activities at each locat i on are 
ident i fied in t ab le 3-I . 
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Following a planned rest period, the second extravehicular activity
period began with preparations for an extended geological traverse. The

duration of the second extravehicular activity period was M hours 3h min-

utes hl seconds, covering a traverse of approximately 1.6 miles, during
which the crew:

a. Obtained lunar portable magnetometer measurements at two sites

along the traverse.

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

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

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

e. Retrieved the solar wind composition foil.

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

The evaluations discussed in this section are based on the data

obtained during the first lunar day
-

largely on crew comments and

real-time infonnation. Certain equipment difficulties mentioned in this

section are discussed in greater detail in section lh.h. More compre-
hensive results will be su marized in a separate science report to be

published when the detailed analyses are complete (appendix E). The

sites at which the various lunar surface activities were conducted are

shown in the figure 3-l. The specific activities at each location are

identified in table 3-I.



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

Station Activities 

First extravehicular activity period 

Lunar module 

Apollo lunar surface experiments 
package deployment site 

Laser ranging retro- reflector site 

Comprehensive sample site 

Small- football- size rock site 

Sampling and photography 

Apollo lunar surface experiment 
a ctivities and photography 

Deployment of instrument and 
photography 

Sampling and photography 

Sampling and photography 

Second extravehicular activity period 

A 

B 

B to B l  

B l  

B 2  

B 3  

C' 

Cl 

C2 

C2 to E 

E 

F 

G 

Gl 

H 

Sampling, photography and first 
deployment of lunar portable 
magnetometer 

Sampling and photography 

Sampling 

Photography 

Sampling and photography 

Photography 

Sampling, photography and 
second deployment of lunar 
portable magnetometer 

Sampling and photography 

Sampling and photography 

Sampling 

Sampling 

Sampling and photography 

Sampling and photography 

Sampling and photography 

Sampling and photography 
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TABLE 3-I.- LUNAR SURFACE ACTIVITIES

Lunar module

Activities

First extravehicular activity period

Apollo lunar surface experiments
package deployment site

Laser ranging retro-reflector site

Comprehensive sample site

to Bl

C2

C2 to E

E

F

G

Gl

Second extravehicular

Small-football-size rock site
_

A

B

B

Bl

B2

B3

Cv

Cl

H

Sampling and photography

Apollo lunar surface experiment
activities and photography

Deployment of instrument and

photography

Sampling and photography

Sampling and photography

activity period

Sampling, photography and first

deployment of lunar portable
magnetometer

Sampling and photography

Sampling

Photography

Sampling and photography

Photography

Sampling, photography and

second deployment of lunar

portable magnetometer

Sampling and photography

Sampling and photography

Sampling

Sampling

Sampling and photography

Sampling and photography

Sampling and photography

Sampling and photography
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3 . 1  APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE 

The Apollo lunar surface experiments package was deployed with the 

central station positioned 600 feet west-northwest of the lunar module 

( fig . 3-2 ) .  No difficulties were experienced in off-loading the pallets 

or setting them up for the traverse other than an initial difficulty in 

latching the dome removal tool in the fuel cask dome. The crew installed 
the fuel capsule in the radioisotope thermoelectric generator and lock­
on data were obtained with initial antenna alignment at 116 hours 48 min­

utes.  

NASA -S -71-1618 

L
l.aser ranging 
retro-reflector 
experiment 

----100 ft----++-1 

First geophone 

Second geophone 

Third geophone 

Lunar north 

Charged particle lunar 
environment experiment 

t 

600 ft 
Radioisotope ther� 
generator and base 

od 1 

Note: Distances not to scale 

Lunar m u e 

Suprathermal ion 
detector experiment 

Cold cathode 
gage experiment 

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

3 . 1 . 1  Central Station 

Initial conditions of the central station ( ref. l ) were normal. 

Power output of the radioisotope thermoelectric generator was 69 . 1  watts, 
and the central sta�ion thermal plate temperature averaged 73 . 8° F. A 
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3.1 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE

The Apollo lunar surface experiments package was deployed with the

central station positioned 600 feet west-northwest of the lunar module

(fig. 3-2). No difficulties were experienced in off-loading the pallets
or setting them up for the traverse other than an initial difficulty in

latching the dome removal tool in the fuel cask dome. The crew installed

the fuel capsule in the radioisotope thermoelectric generator and lock-

on data were obtained with initial antenna alignment at 116 hours M8 min-

utes.

NASA -S -71-1618

Passive Lunar north
Mona' smsmm
package @¥P9fim9ff Chargedparticle lunar

I . _
environ ment experiment

Lasef ranging  fl 10 ff 10 ft

retro-retlector

experiment þÿ ��A1___________ C t I 10hþÿ ��M
»

`

10 ft an fl

_

Antenna Radioisotopether moetectric
First þÿ�9�9�0�|�>�h�0 ��9 generatorand base

Lunar module

150 fl 60 ft

Secondgeophone

Suprathermal ion

150 ft detector experiment

Third geophone
- cmd þÿ�°�a�" ��°�d�e

gage experiment

Note: Distances not to scale

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

3.1.1 Central Station

Initial conditions of the central station (ref. l) were normal.

Power output of the radioisotope thermoelectric generator was 69.1 watts ,

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

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

The Apollo lunar scientific experiment package central station was 
commanded to the high- bit-rate mode at 116 hours 56 minutes for the 
active seismic experiment/thumper mode of operation, which continued 
until 117 hours 3 4  minutes. Using the high-bit- rate mode, only the 
active seismic experiment data and limited engineering data can be re­
ceived from the central station. The other experiments were turned on 
following the active seismic experiment/thumper mode of operation. 

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

The Apollo lunar scientific experiment package 12- hour timer pulses 
did not occur after initial central station turn-on. Subsequent tests 
verified that the mechanical section of the timer was not operating. The 
timer functions started to occur on February 11 and the timer provided 
12- hour pulses thirteen times in succession before failing. Loss of the 
timer has no adverse effect of the Apollo lunar experiment package since 
all functions are being accomplished by ground command. This problem is 
discussed further in section 14. 4.4. 

The lunar dust detector of the central station is showing normal 
outputs from all three photoelectric cells. No changes in the outputs 
of these cells were observed during or after lunar module ascent, indi­
cating that dust from the ascent engine exhaust did not settle on the 
central station. 
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reserve power reading of h3.5 watts indicated that the basic power con-

sumption was normal for Apollo lunar scientific experiment package start-

up. As the generator warmed up, the power output increased to 72.0 watts

and has remained nearly constant at that level.

The transmitter signal strength at initial acquisition was lower

than expected, and about M dB lower than that of the Apollo 12 experiment
package. This was partially the result of acquisition occurring at the

time of the worst-case condition of the relative earth-moon positions.
In addition, lunar surface photography shows that the antenna was not

fully seated in the gimbal interface socket (resulting in a misalignment
with gimbal settings) and the gimbal pointing toward the earth was off

the nominal pointing angle. Subsequent monitoring indicates that the

signal strength obtained from the Apollo lh unit is now equal to that of

the Apollo 12 unit and that signal strength variation can be predicted
based on the relative earth-moon positions.

The Apollo lunar scientific experiment package central station was

commanded to the high-bit-rate mode at 116 hours 56 minutes for the

active seismic experiment/thumper mode of operation, which continued

until 117 hours 3h minutes. Using the high-bit-rate mode, only the

active seismic experiment data and limited engineering data can be re-

ceived from the central station. The other experiments were turned on

following the active seismic experiment/thumper mode of operation.

During the deployment of the central station, the sunshield erected

normally. However, the crew had to lift one side on three occasions be-

cause it was sagging. Lunar surface photography indicates that the sun-

shield had been bumped downward in a counterclockwise direction. However,
the sagging condition has had no adverse effect on the central station

thermal control system, and the central station has been operating within

thermal limits.

The Apollo lunar scientific experiment package 12-hour timer pulses
did not occur after initial central station turn~on. Subsequent tests

verified that the mechanical section of the timer was not operating. The

timer functions started to occur on February ll and the timer provided
12-hour pulses thirteen times in succession before failing. Loss of the

timer has no adverse effect of the Apollo lunar experiment package since

all functions are being accomplished by ground command. This problem is

discussed further in section 1h.h.h.

The lunar dust detector of the central station is showing normal

outputs from all three photoelectric cells. No changes in the outputs
of these cells were observed during or after lunar module ascent, indi-

cating that dust from the ascent engine exhaust did not settle on the

central station.
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3.1. 2 Passive Seismic Experiment 

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

a. The long-period vertical component seismometer is unstable in 
the normal mode (flat- response mode). (See section 14. 4. 6 for a dis­
cussion of this anomaly.) The problem was eliminated by removing the 
feedback filter and operating in the peaked- response mode. In this mode, 
the siesmometer has a resonant period of 2 . 2  seconds instead of the nor­
mal period of 15 seconds. Without the extended flat response, the low­
frequency data is more difficult to extract. However, useful data are 
being obtained over the planned spectrum by data processing techniques. 

b. The gimbal motor which levels the Y- axis long-period seismometer 
has not responded to commands on several occasions. In these cases, the 
reserve power status indicates that no power is being supplied to the 
motor. The power control circuit of the motor is considered to be the 
most likely cause of this problem. Response to commands has been achieved 
in all cases by repeating the motor drive command. (See section 1 4.4.5 
for a more detailed discussion of this problem.) 

3.1 . 3  Active Seismic Experiment 

The active seismic experiment (appendix A,  section A.4.1) was de­
ployed during the first extravehicular period with the first geophone 
approximately 1 0  feet southwest of the central station and the geophone 
array extending in a southerly direction (figs. 3- 2 and 3-3 ) .  The Apollo 
lunar scientific experiment package was commanded to the high- bit- rate 
mode for 28 minutes during the active seismic experiment/thumper mode of 
operation. Thumping operations began at geophone 3 (the furthest from 
the central station) and proceeded for 30 0 feet at 1 5-foot intervals to­
ward geophone 1 .  

The attempts to fire the initiators resulted in 1 3  fired and 5 mis­
fired. Three initiators were deliberately not fired. In some instances, 
two attempts were made to fire an initiator. (See section 1 4. 4.1 for 
further discussion of this anomaly. ) 

A calibration pulse was sent prior to the last thumper firing veri­
fying that all three geophones were operational. The mortar package, was 
deployed 10 feet north- northwest of the central station and aimed to fire 
four grenades on command from earth to distances of 50 0 ,  1 0 0 0 , 30 0 0  and 
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3.1.2 Passive Seismic Experiment

The passive seismic experiment (ref. 2) was deployed 10 feet north

of the central station (fig. 3-2). No difficulty was experienced in de-

ploying the experiment other than the inability to make the ribbon cable

lie flat on the surface under the thermal shroud skirt. All elements

have operated as planned with the following exceptions.

a. The long-period vertical component seismometer is unstable in

the normal mode (flat-response mode). (See section 1M.h.6 for a dis-

cussion of this anomaly.) The problem was eliminated by removing the

feedback filter and operating in the peaked-response mode. In this mode,
the siesmometer has a resonant period of 2.2 seconds instead of the nor-

mal period of 15 seconds. Without the extended flat response, the low-

frequency data is more difficult to extract. However, useful data are

being obtained over the planned spectrum by data processing techniques.

b. The gimbal motor which levels the Y-axis long-period seismometer

has not responded to commands on several occasions. In these cases, the

reserve power status indicates that no power is being supplied to the

motor. The power control circuit of the motor is considered to be the

most likely cause of this problem. Response to commands has been achieved

in all cases by repeating the motor drive command. (See section 1h.h.5
for a more detailed discussion of this problem.)

3.1.3 Active Seismic Experiment

The active seismic experiment (appendix A, section A.h.1) was de-

ployed during the first extravehicular period with the first geophone
approximately 10 feet southwest of the central station and the geophone
array extending in a southerly direction (figs. 3-2 and 3-3). The Apollo
lunar scientific experiment package was commanded to the high-bit-rate
mode for 28 minutes during the active seismic experiment/thumper mode of

operation. Thumping operations began at geophone 3 (the furthest from

the central station) and proceeded for 300 feet at 15-foot intervals to-

ward geophone 1.

The attempts to fire the initiators resulted in 13 fired and 5 mis-

fired. Three initiators were deliberately not fired. In some instances,
two attempts were made to fire an initiator. (See section 1h.h.1 for

further discussion of this anomaly.) _

A calibration pulse was sent prior to the last thumper firing veri-

fying that all three geophones were operational. The mortar package, was

deployed 10 feet north-northwest of the central station and aimed to fire

four grenades on command from earth to distances of 500, 1000, 3000 and
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F igure 3-3.- Apollo lunar surface experiment package 
components deployed on the lunar surface. 
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50 0 0  feet in a northerly dire ction. Firing of the four mortars has not 
be e n  scheduled. Postmission tests and analyses are being performe d to 
e stablish the appropriate time and provisions for conducting this part 
of the experime nt. 

3. 1. 4 Suprathermal Ion Detector Experime nt 

The suprathermal ion de tector expe rime nt (ref. 2) was deploye d 
southeast of the Apollo lunar surface experime nts package central sta­
tion (fig. 3- 2). Noisy data we re rece ive d at turn- on (se ction 14 . 4 . 2) 
but the data we re satisfactory afte r se al break and dust cover re moval. 
The e xperiment is returning good scie ntific data, with low background 
rate s. De spite a large amount of lunar dust which adhe re d to one end of 
the package when it fe ll ove r several time s during de ployme nt (fig. 3-4 ), 
the te mpe rature s throughout the lunar day and night re mained within the 
range allowed for the instrume nt. ·Photographs show that the instrume nt 
is prope rly deployed and aligne d. 

3 .1 . 5 Cold Cathode Gage Expe rime nt 

The cold cathode gage (re f. 2) was de ploye d 4 fee t southeast of the 
suprathermal ion de te ctor, aime d slightly southwest (figs. 3- 2 and 3- 4 ). 
The de ployme nt was accomplished afte r se ve ral atte mpts in which the cre w­
man expe rience d difficulty with the stiffness of the connecting cable s 
while handling the suprathe rmal ion de tector e xpe rime nt, the cold cathode 
gage , and the ground scree n at the same time. 

The e xperime nt was first turne d on shortly be fore lunar module de ­
pre ssurization for the second e xtravehicular activity. Commands we re 
se nt to the instrume nt to turn on the high voltage and to ope n the cold 
cathode gage seal. The cold cathode gage data came off the initial full­
scale indications much more rapidly than e xpe cte d, indicating that the 
se al may have be e n  ope n earlier than commande d. 

Be cause a spontane ous change in the operational mode of the cold 
cathode gage and the suprathermal ion de te ctor experime nt occurre d afte r 
about 1 /2 hour of ope ration, the high voltage s were switched off until 
afte r lunar sunse t. When the high voltages we re switche d back on afte r 
lunar sunset, the re sponse of the cold cathode gage we nt to the most 
sensitive range , indicative of the low ambient pre ssure. When the 
pressure rose at lunar sunrise as expe cted, the mode of ope ration was 
change d by a ground command to a less se nsitive range , and the calibrate 
pulses appeare d normal. The e xpe rime nt is ope rating normally. 
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5000 feet in a northerly direction. Firing of the four mortars has not

been scheduled. Postmission tests and analyses are being performed to

establish the appropriate time and provisions for conducting this part
of the experiment.

3.l.h Suprathermal Ion Detector Experiment

The suprathermal ion detector experiment (ref. 2) was deployed
southeast of the Apollo lunar surface experiments package central sta-

tion (fig. 3-2). Noisy data were received at turn-on (section lh.h.2)
but the data were satisfactory after seal break and dust cover removal.

The experiment is returning good scientific data, with low background
rates. Despite a large amount of lunar dust which adhered to one end of

the package wh n it fell over several times during deployment (fig. 3-M),
the temperatures throughout the lunar day and night remained within the

range allowed for the instrument. Photographs show that the instrument

is properly deployed and aligned.

3.1.5 Cold Cathode Gage Experiment

The cold cathode gage (ref. 2) was deployed M feet southeast of thc

suprathermal ion detector, aimed slightly southwest (figs. 3-2 and 3-M).
The deployment was accomplished after several attempts in which the crew-

man experienced difficulty with the stiffness of the connecting cables

while handling the suprathermal ion detector experiment, the cold cathode

gage, and the ground screen at the same time.

The experiment was first turned on shortly before lunar module de-

pressurization for the second extravehicular activity. Commands were

sent to the instrument to turn on the high voltage and to open the cold

cathode gage seal. The cold cathode gage data came off the initial full-

scale indications much more rapidly than expected, indicating that the

seal may have been open earlier than commanded.

Because a spontaneous change in the operational mode of the cold

cathode gage and the suprathermal ion detector experiment occurred after

about l/2 hour of operation, the high voltages were switched off until

after lunar sunset. When the high voltages were switched back on after

lunar sunset, the response of the cold cathode gage went to the most

sensitive range, indicative of the low ambient pressure. Wh n the .

pressure rose at lunar sunrise as expected, the mode of operation was

changed by a ground com and to a less sensitive range, and the calibrate

pulses appeared normal. The experiment is operating normally.
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Figure 3 -4. - Suprathermal i on detector experiment and cold 
cathode gage experiment deployed on the lunar surface . 



3.l .6 Charge d Part icle Lunar Envi ronment Experime nt 

3-11 

The charge d part i cle lunar e nvironme nt experime nt ( re f,. 3 ) instru­
ment ( figs . 3-2 and 3-5 ) was fi rst  commande d on at ll7 hours 58  mi nut es 
during the fi rst extravehicular activity for a 5-mi nute fun cti onal test 
and the i nstrume nt was normal. The complete instrument checkout sh owe d 
that prelaunch and post-dep loyment count i ng rates agreed with i n  20 per­
cent , with the exception of ch annel 6 i n  an alyzer B. .  The count i ng rates 
on channel 6 were twi ce as high as the prelaunch values . The condi tion 
is  at tributed t o  the  behavior of  s cattered elect rons in  the  phys i cal 
analyzers whi ch behave �uite di fferently in the effectively zero mag­
neti c fi eld of the moon compared with the 0 . 5-gaus s  magnet i c  fi eld of 
the earth . The h igh counting rates on channel 6 do not detriment ally 

F igure 3-5 . - Charged parti cle lunar environment experiment 
deployed on the lunar surface. 
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affect the science data. All command functions cf the instrument were 
executed with the exception of the forced heater mode commands. Subse­
quent to the checkout, the experiment was commanded to standby. 

After lunar module ascent, the charged particle lunar environment 
experiment was commanded on at 1 42 hours 7 minutes and the dust cover 
was removed about 15 hours and 20 minutes later. Operating temperatures 
are nominal. The maximum temperature during lunar day is 136 ° F and the 
minimum temperature during lunar night is minus 1 1 °  F. The instrument's 
operational heater cycled on automatically when the electronics tempera­
ture reached 32° F at lunar sunset, and was commanded on in the forced-on 
mode at 1 4° F, as planned. 

The instrument, on one occasion, changed from the manual mode (at 
the plus 3 500-volt step) to the automatic mode. The instrument was sub­
sequently commanded back into the manual mode. There is no evidence in 
the data which would indicate the cause of the mode change. 

3 . 2 LASER RANGING RETRO-REFLECTOR 

The laser ranging retro-reflector (ref. 4) was deployed during the 
first extravehicular activity at a distance of approximately 1 0 0  feet 
west of the Apollo lunar scientific experiment package central station 
(figs. 3-2 and 3-6 ) .  Leveling and alignment were accomplished with no 
difficulty. The instrument was ranged on by the McDonald Observatory 
team prior to lunar module lift-off and a high- quality return signal was 
received. Ranging after lift- off, while not yet conclusive, indicates 
no serious degradation of the retro- reflector resulting from the effects 
of the ascent stage engine firing. 

3. 3 LUNAR PORTAB LE MAGNETOMETER EXPERIMENT 

The lunar portable magnetometer (appendix A, section A.4. 2) was de­
ployed at site A and near the rim of Cone Crater (fig. 3- l) during the 
second extravehicular activity period. The instrument operated nominally 
in all respects. The temperature of the experiment electronics package 
reached equilibrium, between 120° and 150 ° F. Meter readings, relayed 
over the voice link, indicated total fields of 1 0 2  ±10 gammas at site A 
and 41 ±1 0 gammas at Cone Crater. Vector component measurements of these 
readings were well within the dynamic range of the instrument. Leveling, 
orientation, and positioning were accomplished without difficulty; how­
ever, the experiment cable was difficult to rewind. This proble m is dis­
cussed in greater detail in section 14 . 4. 3 .  
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a f f e c t t h e s c i e n c e d a t a . A l l c o m m a n d f u n c t i o n s c f t h e i n s t r u m e n t w e r e

e x e c u t e d w i t h t h e e x c e p t i o n o f t h e f o r c e d h e a t e r m o d e c o m m a n d s . S u b s e -

q u e n t t o t h e c h e c k o u t , t h e e x p e r i m e n t w a s c o m m a n d e d t o s t a n d b y .

A f t e r l u n a r m o d u l e a s c e n t , t h e c h a r g e d p a r t i c l e l u n a r e n v i r o n m e n t

e x p e r i m e n t w a s c o m m a n d e d o n a t 1 h 2 h o u r s T m i n u t e s a n d t h e d u s t c o v e r

w a s r e m o v e d a b o u t 1 5 h o u r s a n d 2 0 m i n u t e s l a t e r . O p e r a t i n g t e m p e r a t u r e s
a r e n o m i n a l . T h e m a x i m u m t e m p e r a t u r e d u r i n g l u n a r d a y i s 1 3 6 ° F a n d t h e

m i n i m u m t e m p e r a t u r e d u r i n g l u n a r n i g h t i s m i n u s 1 1 ° F . T h e i n s t r u m e n t ' s

o p e r a t i o n a l h e a t e r c y c l e d o n a u t o m a t i c a l l y w h e n t h e e l e c t r o n i c s t e m p e r a -
t u r e r e a c h e d 3 2 ° F a t l u n a r s u n s e t , a n d w a s c o m m a n d e d o n i n t h e f o r c e d - o n

m o d e a t 1 h ° F , a s p l a n n e d .

T h e i n s t r u m e n t , o n o n e o c c a s i o n , c h a n g e d f r o m t h e m a n u a l m o d e ( a t
t h e p l u s 3 5 0 0 - v o l t s t e p ) t o t h e a u t o m a t i c m o d e . T h e i n s t r u m e n t w a s s u b -

s e q u e n t l y c o m m a n d e d b a c k i n t o t h e m a n u a l m o d e . T h e r e i s n o e v i d e n c e i n

t h e d a t a w h i c h w o u l d i n d i c a t e t h e c a u s e o f t h e m o d e c h a n g e .

3 . 2 L A S E R R A N G I N G R E T R O - R E F L E C T O R

T h e l a s e r r a n g i n g r e t r o - r e f l e c t o r ( r e f . N ) w a s d e p l o y e d d u r i n g t h e

f i r s t e x t r a v e h i c u l a r a c t i v i t y a t a d i s t a n c e o f a p p r o x i m a t e l y 1 0 0 f e e t

w e s t o f t h e A p o l l o l u n a r s c i e n t i f i c e x p e r i m e n t p a c k a g e c e n t r a l s t a t i o n

( f i g s . 3 - 2 a n d 3 - 6 ) . L e v e l i n g a n d a l i g n m e n t w e r e a c c o m p l i s h e d w i t h n o

d i f f i c u l t y . T h e i n s t r u m e n t w a s r a n g e d o n b y t h e M c D o n a l d O b s e r v a t o r y
t e a m p r i o r t o l u n a r m o d u l e l i f t - o f f a n d a h i g h - q u a l i t y r e t u r n s i g n a l w a s

r e c e i v e d . R a n g i n g a f t e r l i f t - o f f , w h i l e n o t y e t c o n c l u s i v e , i n d i c a t e s

n o s e r i o u s d e g r a d a t i o n o f t h e r e t r o - r e f l e c t o r r e s u l t i n g f r o m t h e e f f e c t s

o f t h e a s c e n t s t a g e e n g i n e f i r i n g .

3 . 3 L U N A R P O R T A B L E M A G N E T O M E T E RE X P E R I M E N T

T h e l u n a r p o r t a b l e m a g n e t o m e t e r ( a p p e n d i xA , s e c t i o n A . h . 2 ) w a s d e -

p l o y e d a t s i t e A a n d n e a r t h e r i m o f C o n e C r a t e r ( f i g . 3 - l ) d u r i n g t h e

s e c o n d e x t r a v e h i c u l a r a c t i v i t y p e r i o d . T h e i n s t r u m e n t o p e r a t e d n o m i n a l l y
i n a l l r e s p e c t s . T h e t e m p e r a t u r e o f t h e e x p e r i m e n t e l e c t r o n i c s p a c k a g e
r e a c h e d e q u i l i b r i u m , b e t w e e n 1 2 0 ° a n d 1 5 0 ° F . M e t e r r e a d i n g s , r e l a y e d
o v e r t h e v o i c e l i n k , i n d i c a t e d t o t a l f i e l d s o f 1 0 2 i 1 0 g a m m a s a t s i t e A
a n d M 1 i 1 0 g a m m a s a t C o n e C r a t e r . V e c t o r c o m p o n e n tm e a s u r e m e n t s o f t h e s e

r e a d i n g s w e r e w e l l w i t h i n t h e d y n a m i c r a n g e o f t h e i n s t r u m e n t . L e v e l i n g ,
o r i e n t a t i o n , a n d p o s i t i o n i n g w e r e a c c o m p l i s h e dw i t h o u t d i f f i c u l t y ; h o w -

e v e r , t h e e x p e r i m e n t c a b l e w a s d i f f i c u l t t o r e w i n d . T h i s p r o b l e m i s d i s -

c u s s e d i n g r e a t e r d e t a i l i n s e c t i o n l h . h . 3 .



Figure 3 - 6 . - Laser ranging retro-reflector experiment 
deployed on the lunar surface. 
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3 . 4 SOLAR WIND COMPOSITION EXPERIMENT 

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

3 .5 LUNAR GEOLOGY 

The landing site in the Fra Mauro highlands is characterized by 
north-south trending linear ridges that are typically 1 6 0  to 36 0 feet 
in height and 6 000 to 13 000 feet in width. The ridges and valleys are 
disfigured by craters ranging in size from very small up to several thou­
sand feet in diameter. 

The major objective of the geology survey was to collect, describe, 
and photograph materials of the Fra Mauro formation. The Fra Mauro for­
mation is believed to be ejecta from the Imbrium B asin, which, in turn, 
is believed to have been created by a large impact. This material is 
probably best exposed in the vicinity of the landing site where it has 
been excavated from below the regolith by the impact that formed Cone 
Crater. The major part of the second extravehicular activity traverse, 
therefore, was designed to sample, describe, and photograph representa­
tive materials in the Cone Crater ejecta. Most of the returned rock 
samples consist of fragmental material . Photographs taken on the ejecta 
blanket of Cone Crater show various degrees of lay ering, sheeting, and 
foliation in the ejected boulders. A considerable variety in the nature 
of the returned fragmental rocks has been noted. 

During the first extravehicular activity, the crew traversed a total 
distance of about 1 700 feet. On their way back to the lunar module after 
deployment of the Apollo lunar scientific experiment package, the crew 
collected a comprehensive sample and two "football- size" rocks. The com­
prehensive sample area was photographed with locator shots to the Apollo 
lunar scientific experiment package and to the lunar module prior to sam­
pling, and stereo photographs were taken of the two "football-size" rocks 
before they were removed from the surface. The location of the Apollo. 
lunar scientific experiment package and the sampling and photographic 
sites for the first extravehicular activity are shown in figure 3-l.  
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3.5 S O L A R W I N D C O M P O S I T I O N E X P E R I M  N T

T h e s o l a r w i n d compos i t ion exper iment ( ref . M), a spec ia l ly p r e -

pared a l u m i n u m f o i l r o l l e d o n a s ta f f , w a s dep loyed dur ing t h e f i r s t e x -

t r a v e h i c u l a r per iod f o r a f o i l e x p o s u r e t i m e o f approx imate ly 2 1 h o u r s .

Deployment w a s accompl ished w i t h n o d i f f i cu l ty ; however , dur ing r e t r i e v a l

approx imate ly h a l f t h e f o i l r o l l e d u p mechanica l ly a n d t h e r e m a i n d e r h a d

t o b e r o l l e d manual ly .

T h e l and ing s i t e i n

3 .5 L U N A R G E O L O G Y

t h e F r a M a u r o high lands i s c h a r a c t e r i z e d by
n o r t h - s o u t h t rend ing l i n e a r r idges t h a t a r e t yp ica l ly 160 t o 360 f e e t

i n height a n d 6000 t o 13 O O O f e e t i n w i d t h . T h e r idges a n d va l leys a r e

dis f igured by c r a t e r s rang ing i n s i z e f r o m v e r y s m a l l u p t o s e v e r a l t h o u -

s a n d f e e t i n d i a m e t e r .

T h e major ob jec t ive
a n d photograph m a t e r i a l s

m a t i o n i s b e l i e v e d t o b e

i s b e l i e v e d t o h a v e b e e n

probab ly b e s t exposed i n

o f t h e geo logy s u r v e y w a s t o co l lec t , descr ibe,
o f t h e F r a M a u r o f o r m a t i o n . T h e F r a M a u r o f o r -

e jec ta f r o m t h e Imb r i um Bas in , which, i n tu rn ,
c r e a t e d by a l a rge impact . T h i s m a t e r i a l i s

t h e v ic in i ty o f t h e l and ing s i t e w h e r e i t h a s

b e e n e x c a v a t e d f r o m b e l o w t h e rego l i th by t h e impact t h a t f o r m e d C o n e

C r a t e r . T h e major par t o f t h e s e c o n d e x t r a v e h i c u l a r act iv i ty t raverse ,
there fore , w a s des igned t o sample , descr ibe , a n d photograph represen ta -
t i v e m a t e r i a l s i n t h e C o n e C r a t e r e jec ta . M o s t o f t h e r e t u r n e d r o c k

samples c o n s i s t o f f ragmenta l m a t e r i a l . Photographs t a k e n o n t h e e jec ta
b l a n k e t o f C o n e C r a t e r s h o w v a r i o u s degrees o f layer ing, sheet ing , a n d

f o l i a t i o n i n t h e e jec ted b o u l d e r s . A c o n s i d e r a b l e var ie ty i n t h e n a t u r e

o f t h e r e t u r n e d f ragmenta l r o c k s h a s b e e n n o t e d .

Dur ing t h e f i r s t e x t r a v e h i c u l a r act iv i ty , t h e c r e w t r a v e r s e d a t o t a l

d i s t a n c e o f a b o u t ITOO f e e t . O n t h e i r w a y b a c k t o t h e l u n a r m o d u l e a f t e r

dep loyment o f t h e Apol lo l u n a r s c i e n t i f i c exper iment package, t h e c r e w

c o l l e c t e d a comprehens ive sample a n d t w o " foo tba l l -s ize" r o c k s . T h e c o m -

prehens ive sample a r e a w a s photographed w i t h l o c a t o r s h o t s t o t h e Apol lo
l u n a r s c i e n t i f i c exper iment package a n d t o t h e l u n a r m o d u l e pr io r t o s a m -

t h e t w o " foo tba l l - s i ze" r o c k s

T h e l o c a t i o n o f t h e Apol lo_
sampl ing a n d photograph ic
a r e s h o w n i n f igure 3 - l .

pl ing, a n d s t e r e o photographs w e r e t a k e n o f

b e f o r e they w e r e r e m o v e d f r o m t h e s u r f a c e .

l u n a r s c i e n t i f i c exper iment package a n d t h e

s i t e s f o r t h e f i r s t e x t r a v e h i c u l a r act iv i ty

5
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The traverse during the second extravehicular activity covered a 
total distance of about 10 000 feet. The actual line of traverse is 
shown in figure 3-l. The crew reached a point within about 50 feet of 
the rim of Cone Crater. The crew was behind the timeline when they 
neared the rim of the crater; therefore, several of the preplanned sam­
ple and photographic stations along the route back to the lunar module 
were omitted. There was difficulty in navigating to several of the pre­
planned station points because of the undulations in the surface which 
prevented sighting of the smaller landmarks that were to be used. 

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

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

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

3. 6 LUNAR SOIL MECHANICS 

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

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

The Apollo simple penetrometer ( also used as the geophone cable 
anchor ) was used for three penetration tests. In each case, the 26 l/2-
inch-long penetrometer could be pushed to a depth of 16 to 19 inches 
with one hand and to the ext ens ion handle with both hands . No penetra­
tion interference attributable to rocks was encountered. 
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The traverse during the second extravehicular activity covered a

total distance of about 10 000 feet. The actual line of traverse is

shown in figure 3-1. The crew reached a point within about 50 feet of

the rim of Cone Crater. The crew was behind the timeline when they
neared the rim of the crater; therefore, several of the preplanned sam-

ple and photographic stations along the route back to the lunar module

were omitted. There was difficulty in navigating to several of the pre~

planned station points because of the undulations in the surface which

prevented sighting of the smaller landmarks that were to be used.

The crew collected approximately 96 pounds of rock fragments and

soil samples. Approximately 25 samples can be accurately located using
photographs and the air-to-ground transcript, and the orientation of 12

to 15 on the lunar surface prior to their removal can be established.

Driving the core tubes with a rock hammer was somewhat difficult.

The double and triple cores could not be driven their full length, and

the material in the single core fell out upon removal of the core tube

because of the granular nature of the material. Some sample material

was recovered from the double and triple core tubes.

The only geologic equipment problems reported were that the contin-

gency sample bag cracked when folded, and the vacuum seal protector on

one of the special environmental sample containers came off when the

container was opened.

3.6 LUNAR SOIL M CHANICS

Lunar surface erosion resulted from the descent engine exhaust as

observed in previous lunar landings. Dust was first noted during de-

scent at an altitude of 100 feet but did not hinder visibility during
the final approach.

The lunar module footpad penetration on landing appears to have

been greater than that observed on previous Apollo landings. Bootprint
penetrations for the crew ranged from 1/2 to 3/M inch on level ground
in the vicinity of the lunar module to H inches on the rims of small

craters. Lunar soil adhered extensively to the crewmen's clothing and

equipment as in earlier Apollo missions. Tracks from the modular equip-
ment transporter were l/M to 3/M inch deep and were smooth.

The Apollo simple penetrometer (also used as the geophone cable

anchor) was used for three penetration tests. In each case, the 26 1/2-
inch-long penetrometer could be pushed to a depth of 16 to 19 inches

with one hand and to the extension handle with both hands. No penetra-
tion interference attributable to rocks was encountered.
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A soil mechanics trench was dug in the rim of a small crater near 
North Triplet Crater. Excavation was easy, but was terminated at a depth 
of 18 inches because the trench walls were collapsing. Three distinct 
layers were observed and sampled: ( l ) The surface material was dark 
brown and fine-grained, ( 2) The middle layer was thin and composed pre­
dominantly of glas sy patches. (3) The lower layer was very light colored 
granular material. 

3. 7 MODULAR EQUIPMENT TRANSPORTER 

The modular equipment transporter ( described in appendix A, sec­
tion A.2.l and shown in fig. 3- 7) was deployed at the beginning of the 
first extravehicular activity. Deployment was impeded by the thermal 
blanket which restrained the modular equipment transporter from rotating 
down from the bottom of the modular equipment stowage assembly. The crew 
released the transporter by pulling the upper pip-pins and allowing the 
transporter and thermal blanket to fall freely to the lunar surface. The 
thermal blanket was easily discarded and erection of the transporter went 
as planned. The tires had inflated as expected. Equipment was loaded on 
the transporter without difficulty. Two of the three pieces of Velcro 
which held the lunar maps on the transporter handles came off at the be­
ginning of the first extravehicular activity. These pieces had been 
glued on a surface having a different finish than the one to which the 
Velcro adhered. 

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

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

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



4. 0 LUNAR ORBITAL EXPERIMENTS 
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Four lunar orbital experiments were conducted on Apollo 14: the 
S-band transponder experiment, the downlink bistatic radar experiment, 
gegenschein/Moulton point photography from lunar orbit, and the Apollo 
window micrometeoroid experiment (a space exposure experiment not re­
quiring crew participation). Detailed objectives associated with pho­
tography while in lunar orbit and during transearth flight are discussed 
in addition to the aforementioned experiments. The evaluations of the 
lunar orbital experiments given here are based on preliminary data. 
Final results will be published in a separate science report (appendix E) 
when the data have been completely analyzed. 

4.1 S-BAND TRANSPONDER 

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

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

4.2 BISTATIC RADAR 

The objectives of the bistatic radar experiment were to obtain data 
on lunar surface roughness and the depth of the regolith to a limit of 
30 to 60 feet. The experiment was also designed to determine the lunar 
surface Brewster angle, which is a function of the bulk dielectric con­
stant of the lunar material. No spacecraft equipment other than the nor­
mal spacecraft systems was required for the experiment. The experiment 
data consists of records of VHF and S-band transmissions from the command 
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S-band transponder experiment, the downlink bistatic radar experiment,
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Final results will be published in a separate science report (appendix E)
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h.l S-BAND TRANSPONDER

The S-band transponder experiment was designed to detect variations

in the lunar gravitational field caused by mass concentrations and defi-

ciencies, and establish gravitational profiles of the spacecraft ground
tracks. This will be accomplished by analysis of data obtained from

S-band Doppler tracking of the command and service module and lunar mod-
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of the experiment objectives. Preliminary indications are that the mass

concentrations in Nectaris will be better described and the distribution

of gravitational forces associated with the Fra Mauro formation will be

better known. The data will also permit other features to be evaluated.

h.2 BISTATIC RADAR

The objectives of the bistatic radar experiment were to obtain data

on lunar surface roughness and the depth of the regolith to a limit of

30 to 60 feet. The experiment was also designed to determine the lunar

surface Brewster angle, which is a function of the bulk dielectric con-

stant of the lunar material. No spacecraft equipment other than the nor-

mal spacecraft systems was required for the experiment. The experiment
data consists of records of VHF and S-band transmissions from the command
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and service module during the frontside pass on revolution 25 , with 
ground-based detection of both the direct carrier signals and the sig­
nals reflected from the lunar surface. Both the VHF and S-band equip­
ment performed as required during revolution 25 . The returned signals 
of both freq uencies were of predicted strength. Strong radar echoes 
were received throughout the pass and frequency, phase, polarization and 
amplitude were recorded. Sufficient data were collected to determine, 
in part, the Brewster angle. 

4. 3 GEGENSCHEIN/MOULTON POINT PHOTOGRAPHY FROM LUNAR ORBIT 

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

NASA-S-71-1625 

Earth 

Tosun � 

1---940 000 miles-1 
Moulton point _ _ Toward 

________ -Q- __ Anto-�la!.._ax� -gegenschein 

Moon 

() Camera pointing 

(Not to scale) 

(distance 
undefined) 

Figure 4-1. - Camera a1m1ng directions for gegenschein/ 
Moulton point photography. 
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ground-based detection of both the direct carrier signals and the sig-
nals reflected from the lunar surface. Both the VHF and S-band equip-
ment performed as required during revolution 25. The returned signals
of both frequencies were of predicted strength. Strong radar echoes

were received throughout the pass and frequency, phase, polarization and

amplitude were recorded. Sufficient data were collected to determine,
in part, the Brewster angle.

h.3 GEGENSCHEIN/MOULTONPOINT PHOTOGRAPHY FROM LUNAR ORBIT

The experiment required three sets of photographs to be taken to

help differentiate between two theoretical explanations of the gegen-
schein (fig. M-1). Each set consisted of two 20-second exposures and
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Figure M-l.- Camera aiming directions for gegenschein/
Moulton point photography.
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one 5-second exposure taken in rapid succession .  One set was obtained of 
the earth orbit stability point in the earth-sun system ( Moulton point ) 
to te st the theory that the � genschein is light reflected from a con­
centration of partic le s  captured about the Moulton point . Two additional 
set s  were taken to test another theory that the glow is light reflected 
from interplanetary dust that is seen in the anti-s olar direction .  In 
this theory , the brightening in the anti-solar direction is thought to be 
due to higher reflectivity of particle s exact ly opposite the sun . For 
an observer on earth , the anti-solar direct ion coinc ide s with the direc­
tion of the Moulton point and the observer is unable to distinguish be­
tween the theorie s .  From the moon the observer i s  di splaced from the 
anti-solar direct ion by approximately 15 degrees , and therefore , can 
di stinguish between the two poss ible source s. 

The 16-mm dat a  acqui sition camera was used with an 18-mm focal 
length len s .  The camera was bracket-mounted in the right-hand rendez­
vous window with a right angle mirror as sembly attached ahead of the 
lens and a remote control electrical cable attached to the camera so 
that the Command Module Pilot could actuate the camera from the lower 
equipment bay . The flight film had special , low-light-level calibration 
exposures added to it prior to and after the flight which will permit 
photometric measurement s of the phenomena by means of phot ographic den­
s itometer and i sodensitrace readings during data reduct ion .  The inves­
tigators also obtained ground photography of the phenomena using identi­
c al equipment and film prior to the time of Apollo 14 dat a  collect ion . 

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

4 . 4  APOLLO WINDOW METEOROID EXPERIMENT 

The object ive of this experiment is to determine the meteoroid 
cratering flux for particle s  respons ible for the degradat ion of glass 
surface s  exposed to the space environment . The Apollo command module 
windows are used as meteoroid detectors . Prior to flight , the windows 
are scanned at 20x to determine the �neral background of chips , scrat ches 
and other defect s .  During postlfight investigation s ,  the windows will 
again be scanned at 20x to map all vi s ible defect s .  The point s of inter­
e st will then be magnified up to 765x for further examination .  The 
Apollo 12 and 13 side windows and hatch windows were examined following 
those flight s and the results were compared with preflight scans . No 
meteoroid impact s larger than 5 0  microns in diameter were detected on 
the Apollo 12 windows although there was an increase in the number of 
chips and other low-speed surface effect s .  The Apollo 13 left -hand-s ide 
N indow had a suspected meteoroid impact 500 microns in di ameter . 
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the earth orbit stability point in the earth-sun system (Moulton point)
to test the theory that the gegenschein is light reflected from a con-

centration of particles captured about the Moulton point. Two additional
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lens and a remote control electrical cable attached to the camera so
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cal equipment and film prior to the time of Apollo lk data collection.

The experiment was accomplished during the l5th revolution of the

moon. The aiming and filming were excellent and the experiment has dem-
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h.h APOLLO WINDOW M TEOROID EXPERIMENT

The objective of this experiment is to determine the neteoroid

cratering flux for particles responsible for the degradation of glass
surfaces exposed to the space environment. The Apollo command module

windows are used as meteoroid detectors. Prior to flight, the windows

are scanned at 20X to determine the general background of chips, scratches

and other defects. During postlfight investigations, the windows will

again be scanned at 20X to map all visible defects. The points of inter-

est will then be magnified up to 765x for further examination. The

Apollo 12 and 13 side windows and hatch windows were examined following
those flights and the results were compared with preflight scans. No

meteoroid impacts larger than 50 microns in diameter were detected on

the Apollo 12 windows although there was an increase in the number of

chips and other low-speed surface effects. The Apollo 13 left-hand-side

window had a suspected meteoroid impact 500 microns in diameter.
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4 . 5  DIM-LIGHT PHOTOGRAPHY 

Low-bri ghtness ast ronomi cal light sources were photographed using 
the 16-mm dat a  acquis ition camera with the 18-mm lens . The sources in­
cluded the z odiacal light , the g alactic light , the lunar libration regi on 
( L

4
) and the dark s i de of the earth . 

All star fields have been readily i denti fi ed and camera pointing 
appears to have been within one degree of the des ired aiming points with 
less than one-third of a degree of image motion for fixed pos itions. 
This is well within the limits requested prior to flight , and it confirms 
that longer exposures , which had been originally desired , will be pos ­
sible for studi es such as thes e on future Apollo missions . The zodiacal 
light is apparent t·o the unaided eye on at least half of the appropri ate 
frames . The g alact i c  light survey and lunar librat i on frames are faint 
and will require carefu l work . Earth-darkside frames of lightning pat­
t erns , earth-darks ide photography du ring transe arth coast , and S- IVB 
photographs were overexpos ed and are unusable . 

4 . 6  COMMAND AND SERVICE MODULE ORBITAL SCIENCE PHOTOGRAPHY 

This photography consisted of general coverage to provi de a b as is 
for s ite selection for further photography , interpretati on of lunar sur­
face features and their evolution , and identi fi cat i on of specifi c areas 
and features for study . The Apollo lunar mi s s i ons have in the past ob­
t ained photographs of these areas as t argets-of-opportunity or in support 
of speci fi c ob j ectives . 

The Apollo 13 S- IVB impact area was given highest priority in orbit­
al s cience phot ography . The t arget was succes sfully acquired on revolu­
tion 34 using the Hasselblad camera with the 500-mm lens , and the crew 
optical alignment sight to compens ate for the spacecraft's moti on . Sec­
ond priority was given to the lun ar module landing target whi ch was ob­
tained with the lunar topographic camera on revolut ion 14 . However , the 
camera malfunctioned and subsequent photography with this camera was 
delete d  ( section 14 . 3.1 ) .  

A total of eight phot ographic t argets was planned for hand-held pho­
tography u sing color film; three were to be taken with the 500-mm lens 
( a  t ot al of 35 lunar degrees )  , and fi ve with the 250-mm lens ( a  t otal 
of

.
l30 lunar degrees ) .  The 500-mm t argets were successfully acquired.  

Three of the five 250-mm t argets were deleted in real-time for operational 
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h.5 DIM-LIGHT PHOTOGRAPHY

Low-brightness astronomical light sources were photographed using
the 16-mm data acquisition camera with the 18-mm lens. The sources in-

cluded the zodiacal light, the galactic light, the lunar libration regio 

(Lu) and the dark side of the earth.

All star fields have been readily identified and camera pointing
appears to have been within one degree of the desired aiming points with

less than one-third of a degree of image motion for fixed positions.
This is well within the limits requested prior to flight, and it confirms

that longer exposures, which had been originally desired, will be pos-
sible for studies such as these on future Apollo missions. The zodiacal

light is apparent to the unaided eye on at least half of the appropriate
frames. The galactic light survey and lunar libration frames are faint

and will require careful work. Earth-darkside frames of lightning pat-
terns, earth-darkside photography during transearth coast, and S-IVB

photographs were overexposed and are unusable.

h.6 COMMAND AND SERVICE MODULE ORBITAL SCIENCE PHOTOGRAPHY

This photography consisted of general coverage to provide a basis

for site selection for further photography, interpretation of lunar sur-

face features and their evolution, and identification of specific areas

and features for study. The Apollo lunar missions have in the past ob-

tained photographs of these areas as targets-of-opportunity or in support
of specific objectives.

The Apollo 13 S-IVB impact area was given highest priority in orbit-

al science photography. The target was successfully acquired on revolu-

tion 3h using the Hasselblad camera with the 500-mm lens, and the crew

optical alignment sight to compensate for the spacecraft's motion. Sec-

ond priority was given to the lunar module landing target which was ob-

tained with the lunar topographic camera on revolution lh. However, the

camera malfunctioned and subsequent photography with this camera was

deleted (section lh.3.l).

A total of eight photographic targets was planned for hand-held pho-
tography using color film; three were to be taken with the 500-mm lens

(a_total of 35 lunar degrees), and five with the 250-mm lens (a total

of l3O lunar degrees). The 500-mm targets were successfully acquired.
Three of the five 250-mm targets were deleted in real-time for operational
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reasons (60 lunar degrees ) , and two were success fully acquired ( 70 lunar 
degrees). A total of 6 5  percent of off-track photography has been suc­
cess fully acquired. 

The earthshine t arget was success fully acquired using both the 
Hasselblad data camera with the 80-mm lens and the 16-mm data acquis ition 
camera with the 18-mm lens . 

4.7 PHOTOGRAPHS OF A CANDIDATE EXPLORATION SITE 

High-resoluti on photographs of potenti al landing s ites are requi red 
for touchdown hazard evaluation and propellant budget definition. They 
als o  provide dat a  for crew training and onboard navigational data.  The 
photographs on this mission were to be taken with the lunar topographi c 
camera on revolution 4 ( low orbit) , and 27 and 28 ( high orbits). During 
revolut i on 4 ,  malfunction of the lunar topographic  camera was noted by 
the Command Module Pilot . On revolutions 27 , 2 8 ,  and 30, the 70-mm 
Hasselbald camera with the 500-mm lens ( lunar topographi c camera backup 
system) was used to obtain the required photography. About 40 frames 
were obtained of the Des cartes region on e ach revolution using the crew 
optical alignment sight to compensate for image moti on. The three targets 
were succes s fully acquired .  

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

4 . 8  VISIBILITY AT HIGH SUN ANGLES 

This photography was accomplished to obtain observational dat a  in 
the lunar environment for evaluating the ability of the crew to identify 
features under viewing and lighting conditions s imilar to those that 
would be encountered during descent for a T  plus 24 hour launch. The 
results will have a bearing on decisions to land at higher sun angles , 
which , in turn , could ease launch and flight constraints. Photography 
of the lunar surface in support of this detai led objective was obtained 
using the Hasselblad dat a  camera and the 80-mm lens . This was done for 
three t argets, two on the moon's far s i de and one on its near s i de .  
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r e a s o n s ( 6 0 l u n a r d e g r e e s ) ,a n d t w o w e r e s u c c e s s f u l l y a c q u i r e d ( T O l u n a r

d e g r e e s ) .A t o t a l o f 6 5 p e r c e n t o f

c e s s f u l l y a c q u i r e d .

o f f - t r a c k p h o t o g r a p h yh a s b e e n s u c -

T h e e a r t h s h i n e t a r g e t w a s s u c c e s s f u l l y a c q u i r e du s i n g b o t h t h e

H a s s e l b l a d d a t a c a m e r a w i t h t h e 8 0 - m ml e n s a n d t h e 1 6 - m md a t a a c q u i s i t i o n
c a m e r a w i t h t h e 1 8 - m ml e n s .

h . T P H O T O G R A P H SO F A C A N D I D A T EE X P L O R A T I O NS I T E

H i g h - r e s o l u t i o np h o t o g r a p h so f

f o r t o u c h d o w n h a z a r d e v a l u a t i o n a n d

a l s o p r o v i d e d a t a f o r c r e w t r a i n i n g
p h o t o g r a p h so n t h i s m i s s i o n w e r e t o

c a m e r a o n r e v o l u t i o n H ( l o w o r b i t ) ,

p o t e n t i a l l a n d i n g s i t e s a r e r e q u i r e d
p r o p e l l a n t b u d g e t d e f i n i t i o n . T h e y
a n d o n b o a r d n a v i g a t i o n a l d a t a . T h e

b e t a k e n w i t h t h e l u n a r t o p o g r a p h i c
a n d 2 7 a n d 2 8 ( h i g ho r b i t s ) . D u r i n g

r e v o l u t i o n H , m a l f u n c t i o n o f t h e l u n a r t o p o g r a p h i cc a m e r a w a s n o t e d b y
t h e C o m m a n dM o d u l e P i l o t . O n r e v o l u t i o n s 2 7 , 2 8 , a n d 3 0 , t h e T O - m m
H a s s e l b a l d c a m e r a w i t h t h e 5 0 0 - m ml e n s ( l u n a r t o p o g r a p h i cc a m e r a b a c k u p
s y s t e m )w a s u s e d t o o b t a i n t h e r e q u i r e d p h o t o g r a p h y . A b o u t h o f r a m e s

w e r e o b t a i n e d o f t h e D e s c a r t e s r e g i o n o n e a c h r e v o l u t i o n u s i n g t h e c r e w

o p t i c a l a l i g n m e n ts i g h t t o c o m p e n s a t ef o r i m a g em o t i o n . T h e t h r e e t a r g e t s
w e r e s u c c e s s f u l l y a c q u ir e d .

T o s u p p o r t t h e p h o t o g r a p h y ,a s t e r e o s t r i p w a s t a k e n w i t h t h e

H a s s e l b l a d d a t a c a m e r a w i t h t h e 8 0 - m ml e n s f r o m t e r m i n a t o r - t o - t e r m i n a t o r

i n c l u d i n g t h e c r e w o p t i c a l a l i g n m e n ts i g h t m a n e u v e r f o r c a m e r a c a l i b r a t i o n

h . 8 V I S I B I L I T Y A T H I G H S U N A N G L E S

T h i s p h o t o g r a p h yw a s a c c o m p l i s h e dt o o b t a i n o b s e r v a t i o n a l d a t a i n

t h e l u n a r e n v i r o n m e n t f o r e v a l u a t i n g t h e a b i l i t y o f t h e c r e w t o i d e n t i f y
f e a t u r e s u n d e r v i e w i n g a n d l i g h t i n g
w o u l d b e e n c o u n t e r e d d u r i n g d e s c e n t

r e s u l t s w i l l h a v e a b e a r i n g o n d e c i s i o n s t o l a n d a t h i g h e r
w h i c h , i n t u r n , c o u l d e a s e l a u n c h a n d f l i g h t c o n s t r a i n t s .

o f t h e l u n a r s u r f a c e i n s u p p o r t o f t h i s d e t a i l e d o b j e c t i v e
u s i n g t h e H a s s e l b l a d d a t a c a m e r a a n d t h e 8 0 - m ml e n s . T h i s

c o n d i t i o n s s i m i l a r t o t h o s e t h a t

f o r a T p l u s 2 h h o u r l a u n c h . T h e

s u n a n g l e s ,
P h o t o g r a p h y
w a s o b t a i n e d

w a s d o n e f o r

t h r e e t a r g e t s , t w o o n t h e þ ÿ � m � o � o � n  � � sf a r s i d e a n d o n e o n i t s n e a r s i d e .
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4 . 9  TRANSEARTH LUNAR PHOTOGRAPHY 

Phot ographs were taken of the visible dis c  of the moon after trans­
earth injection to provide changes in perspective geometry , primari ly 
in latitude . The photographs will be used to relate the pos iti ons of 
lunar features at higher lat itudes to features wh ose positions are known 
through landmark tracking and existing orbit al stereo strips . The pho­
tography was succes sful using the Has selblad data camera with the 80-mm 
lens and b lack-and-white film. Additional cove rage with the 70-mm 
Hass elb lad camera and the 250-mm lens using color fi lm was also obtained . 
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5 . 0 I NFLIGHT DEMONSTRATI ONS 

Infligh t  demonstrat ions were con ducte d  to evaluat e the behavi or of 
phy s i c al proces s es o f  i nterest under the near-weightle s s  conditi ons of 
space . Four cat egories of proces s es were demons t rat e d ,  and segments of 
the demon st rat i ons were televi s e d  over a 30-mi nut e peri od during t rans ­
earth flight begi nning at approximat ely 172  hours . Fi nal results of al J 
four demons trat i ons will be publi shed in a s upplemental report after anal­
ysis of data has been comp let e d .  ( See appendix E . ) 

5. 1 ELECTROPHORETI C  SEPARATI ON 

Most organ i c  molecule s ,  wh en p lace d in s lightly aci d or alk ali ne 
water s olut i ons , will move through them i f  an elect ri c fi eld i s  app l i ed . 
This effect is known as elect roph ore s i s . Molecules of di fferent s ub­
s tances move at. di fferent speeds ; thus , s ome mole c ules w i ll out run others 
as they move from one end of a tube of s olut i on toward the other . Thi s  
process might be exploited to prepare pure s amples of organ i c  materials 
for appli cat i ons in me di c i ne an d b i ological res e arch if prob lems due to 
s ample s edimentat i on an d s ample mi xing by conve ct i on can be over come . 

A small fluid elect rophores is demon s t rat i on apparatus ( fi g .  5- l ) was 
us e d  to demonstrat e  the qual i ty of the separat i ons ob tai ned with three 
s ample mixtures having wi dely di fferent molecular weights . They were : 
( l )  a mixture o f  red an d  b lue organi c dyes , ( 2 )  human hemoglob i n , and 
( 3 ) DNA ( the molecules that carry geneti c code s ) from s almon sp erm . 

Pos tmi s s ion revi ew of the filme d  data reveals that the re d and b lue 
organ i c  dyes s eparat e d  as expect e d ;  however , s eparat ion of the hemoglobin 
and DNA cannot be det ect e d .  Pos t flight exami nat i on of the apparatus i n­
di c ates that t h e  s amples were not rele as e d  e ffect ively t o  permi t good 
s eparat i on , caus i ng the dyes to stre ak . Howeve r ,  the fact that the dyes 
s eparated s upports the principle of elect rophoret i c  separat i on and s hows 
that s e dime ntat i on an d  convect i on effe ct s are effe ct ively suppre s s e d  in 
the space environment . The hemoglob in an d  DNA s amp les di d not separate 
because they contai ne d b acteri a t h at cons ume d the organi c mol ecules 
prior to act ivation of the apparat us . 

5. 2 LIQUI D TRANSFER 

The liqu i d  t ransfer demonstrat i on ( fi g .  5-2 )  was des igned to evalu­
ate the us e of t ank baffles i n  t rans ferri ng a l i qui d from one t ank t o  
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5 . 0 I N F L I G H T DEMONSTRATIONS

I n f l i g h t d e m o n s t r a t i o n s w e r e c o n d u c t e d t o e v a l u a t e t h e b e h a v i o r o f

p h y s i c a l p r o c e s s e s o f i n t e r e s t u n d e r t h e n e a r - w e i g h t l e s s c o n d i t i o n s o f

s p a c e . F o u r c a t e g o r i e s o f p r o c e s s e s w e r e d e m o n s t r a t e d , a n d s e g m e n t s o f

t h e d e m o n s t r a t i o n s w e r e t e l e v i s e d o v e r a 3 0 - m i n u t e p e r i o d d u r i n g t r a n s -

e a r t h f l i g h t b e g i n n i n g a t a p p r o x i m a t e l y l 7 2 h o u r s . F i n a l r e s u l t s o f a l l

f o u r d e m o n s t r a t i o n s w i l l b e p u b l i s h e d i n a s u p p l e m e n t a l r e p o r t a f t e r a n a l

y s i s o f d a t a h a s b e e n c o m p l e t e d . ( S e e a p p e n d i x E . )

5 . 1 E L E C T R O P H O R E T I C S E P A R A T I O N

M o s t o r g a n i c m o l e c u l e s , w h e n p l a c e d i n s l i g h t l y a c i d o r a l k a l i n e

w a t e r s o l u t i o n s , w i l l m o v e t h r o u g h t h e m i f a n e l e c t r i c f i e l d i s a p p l i e d .
T h i s e f f e c t i s k n o w n a s e l e c t r o p h o r e s i s . M o l e c u l e s o f d i f f e r e n t s u b -

s t a n c e s m o v e a t d i f f e r e n t s p e e d s ; t h u s , s o m e m o l e c u l e s w i l l o u t r u n o t h e r s

a s t h e y m o v e f r o m o n e e n d o f a t u b e o f s o l u t i o n t o w a r d t h e o t h e r . T h i s

p r o c e s s m i g h t b e e x p l o i t e d t o p r e p a r e p u r e s a m p l e s o f o r g a n i c m a t e r i a l s

f o r app l i ca t i ons i n m e d i c i n e a n d b i o l o g i c a l r e s e a r c h i f p r o b l e m s d u e t o

s a m p l e s e d i m e n t a t i o n a n d s a m p l e m i x i n g b y c o n v e c t i o n c a n b e o v e r c o m e .

A s m a l l f l u i d e l e c t r o p h o r e s i s d e m o n s t r a t i o n a p p a r a t u s ( f i g . 5 - l ) w a s

u s e d t o demons t ra te t h e q u a l i t y o f t h e s e p a r a t i o n s o b t a i n e d w i t h t h r e e

s a m p l e m i x t u r e s h a v i n g w i d e l y d i f f e r e n t m o l e c u l a r w e i g h t s . T h e y w e r e :

( l ) a m i x t u r e o f r ed a n d b l u e o r g a n i c d y e s , ( 2 ) h u m a n h e m o g l o b i n , a n d

(3 ) D N A ( t he m o l e c u l e s t h a t c a r r y g e n e t i c codes ) f r o m s a l m o n s p e r m .

P o s t m i s s i o n r e v i e w o f t h e f i l m e d d a t a r e v e a l s t h a t t h e r e d a n d b l u e

o r g a n i c d y e s s e p a r a t e d a s e x p e c t e d ; h o w e v e r , s e p a r a t i o n o f t h e h e m o g l o b i n
a n d D N A c a n n o t b e d e t e c t e d . P o s t f l i g h t e x a m i n a t i o n o f t h e a p p a r a t u s i n -

d i c a t e s t h a t t h e s a m p l e s w e r e n o t r e l e a s e d e f f e c t i v e l y t o p e r m i t g o o d
s e p a r a t i o n , c a u s i n g t h e d y e s t o s t r e a k . H o w e v e r , t h e f a c t t h a t t h e d y e s
s e p a r a t e d s u p p o r t s t h e p r i n c i p l e o f e l e c t r o p h o r e t i c s e p a r a t i o n a n d s h o w s

t h a t s e d i m e n t a t i o n a n d c o n v e c t i o n e f f e c t s a r e e f f e c t i v e l y s u p p r e s s e d i n

t h e s p a c e e n v i r o n m e n t . T h e h e m o g l o b i n a n d D N A s a m p l e s d i d n o t s e p a r a t e
b e c a u s e t h e y c o n t a i n e d b a c t e r i a t h a t c o n s u m e d t h e o r g a n i c m o l e c u l e s

p r i o r t o a c t i v a t i o n o f t h e a p p a r a t u s .

5 . 2 L I Q U I D T R A N S F E R

T h e l i q u i d t r a n s f e r d e m o n s t r a t i o n ( f i g . 5 -2 ) w a s d e s i g n e d t o e v a l u -

a t e t h e u s e o f t a n k b a f f l e s i n t r a n s f e r r i n g a l i q u i d f r o m o n e t a n k t o
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Fi gure 5-l. - Electrophoresis demonstrati on unit. 
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Figure 5 -2 . - Liquid transfer demonstration unit . 
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another un der near- zero .·avity con di t i ons . The demons trat i on was con­
duct e d  us i ng two sets o t anks , on e s et contai ni ng b affles and th e other 
without b affles . Trans r of li qui d between the unb affle d t anks was un­

s ucces s ful , as expe ct e c  Trans fer between t h e  baffled t anks demons trate d  
t h e  e ffectivenes s o f  tw .i ffe rent b affle des igns . Photographi c data in­
dicate that both des ign�ere s uc ces s ful in permi tting li qui d t rans fe r .  

5 . 3  HEAT FLOW AN D  CONVECTION 

The purpose of the heat flow an d  convection demonstrati on ( fi g .  5- 3 )  
was t o  obtain dat a on the types an d  amounts o f  conve ct i on that can occur 
in the near-wei ghtl ess envi ronment of space . Normal convective flow is  
almos t suppressed un der thes e condi t i ons ; h owever , convect i ve flui d flow 
c an  occur i n  space by me ans of mechanisms other than gravi ty . For in­
s t ance , s urface t ens i on gradi ents an d , in s ome cas es , res idual accelera­
t i ons cause low-level flui d fl ow . · Four i n dependent cells of speci al de­
s ign were us e d  to detect conve c t i on dire ctly , or detect convective effe cts 
by meas urement of h e at flow rates in fluids . Th e heat flow rates were 
vis ually displayed by color-s ens itive , li qui d crystal thermal strips and 
the color changes fi lme d with a 16-mm dat a  camera. Revi ew of th e fi lm 
has shown that the expe ct e d  dat a were obtai ned.  

5 . 4  COMPOS ITE CAS TING 

Thi s  demons trat i on was des igne d to evaluate the effect of n ear- zero­
gravity on the preparat i on of cast metals , fib er- strengthened materials , 
an d  s i ngle crystals . Specimens were pro ces s e d  i n  a small heat i ng ch am­
ber ( fi g .  5- 4 )  an d  returned for examinat i on an d  tes ting . A total of 
11 s pecime ns was pro ces s e d .  No prob lems wi th the pro cedures or equip­
ment were not e d .  An x-ray of t h e  s amp les veri fi e d  that good mixing 
oc curre d .  
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a n o t h e r u n d e r n e a r - z e r o J a v i t y c o n d i t i o n s . T h e d e m o n s t r a t i o n w a s c o n -

d u c t e d u s i n g t w o s e t s c t a n k s , o n e s e t c o n t a i n i n g b a f f l e s a n d t h e o t h e r

w i t h o u t b a f f l e s . T r a n s r o f l i q u i d b e t w e e n t h e u n b a f f l e d t a n k s w a s u n -

s u c c e s s f u l , a s e x p e c t e C T r a n s f e r b e t w e e n t h e b a f f l e d t a n k s d e m o n s t r a t e d

t h e e f f e c t i v e n e s s o f t w - g i f f e r e n t b a f f l e d e s i g n s . P h o t o g r a p h i c d a t a i n -

d i c a t e t h a t b o t h des iggggferes u c c e s s f u l i n p e r m i t t i n g l i q u i d t r a n s f e r .

5 . 3 H E A T F L O W A N D C O N V E C T I O N

T h e p u r p o s e o f t h e h e a t f l o w a n d c o n v e c t i o n d e m o n s t r a t i o n ( f i g . 5 - 3 )
w a s t o o b t a i n d a t a o n t h e t y p e s a n d a m o u n t s o f c o n v e c t i o n t h a t c a n o c c u r

i n t h e n e a r - w e i g h t l e s s e n v i r o n m e n t o f s p a c e . N o r m a l c o n v e c t i v e f l o w i s

a l m o s t s u p p r e s s e d u n d e r t h e s e c o n d i t i o n s ; h o w e v e r , c o n v e c t i v e f l u i d f l o w

c a n o c c u r i n s p a c e b y m e a n s o f m e c h a n i s m s o t h e r t h a n g r a v i t y . F o r i n -

s t a n c e , s u r f a c e t e n s i o n g r a d i e n t s a n d , i n s o m e c a s e s , r e s i d u a l a c c e l e r a -

t i o n s c a u s e l o w - l e v e l f l u i d f l o w . - F o u r i n d e p e n d e n t c e l l s o f s p e c i a l d e -

s i g n w e r e u s e d t o d e t e c t c o n v e c t i o n d i r e c t l y , o r d e t e c t c o n v e c t i v e e f f e c t s

b y m e a s u r e m e n t o f h e a t f l o w r a t e s i n f l u i d s . T h e h e a t f l o w r a t e s w e r e

v i s u a l l y d i s p l a y e d b y c o l o r - s e n s i t i v e , l i q u i d c r y s t a l t h e r m a l s t r i p s a n d

t h e c o l o r c h a n g e s f i l m e d w i t h a 1 6 - m m d a t a c a m e r a . R e v i e w o f t h e f i l m

h a s s h o w n t h a t t h e e x p e c t e d d a t a w e r e o b t a i n e d .

5 . h C O M P O S I T E C A S T I N G

T h i s d e m o n s t r a t i o n w a s d e s i g n e d t o e v a l u a t e t h e e f f e c t o f n e a r - z e r o -

g r a v i t y o n t h e p r e p a r a t i o n o f c a s t m e t a l s , f i b e r - s t r e n g t h e n e d m a t e r i a l s ,
a n d s i n g l e c r y s t a l s . S p e c i m e n s w e r e p r o c e s s e d i n a s m a l l h e a t i n g c h a m -

b e r ( f i g . 5 - M ) a n d r e t u r n e d f o r e x a m i n a t i o n a n d t e s t i n g . A t o t a l o f

l l s p e c i m e n s w a s p r o c e s s e d . N o p r o b l e m s w i t h t h e p r o c e d u r e s o r e q u i p -
m e n t w e r e n o t e d . A n x - r a y o f t h e s a m p l e s v e r i f i e d t h a t g o o d m i x i n g
o c c u r r e d .
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NASA-5-7 1-1628 

Figure 5-3 . - Heat flow and convection demonstration unit . 



Figure 5-4 . - Composite casting demonstrat ion unit . 
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Figure 5-1#.- Composite casting demonstration unit
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6 .0 TRAJECTORY 

The general traj ectory profile of thi s mi ssion was similar to that 
of previous lunar missions except for a few innovati ons and refi nements 
in some of the maneuvers . These changes were : (a) The servi ce propul­
si on system was used to perform the descent orbit i nsertion maneuver 
placing the command and service modules in the low-peri lune orbit (9 . 1  
miles) . (b) A direct rendezvous was performed using the ascent pro­
pulsion system to perform the terminal phase initiati on maneuver . 
Tables 6-I and 6-II give the times of major fli ght events and definitions 
of the events ; tables 6-III and 6-IV contai n traj ectory parameter i nfor­
mation ; and table 6-V is a summary of maneuver data . 

6 . l  LAUNCH AND TRANSLUNAR TRAJECTORIES 

The launch traj ectory is reported i n  reference 5 .  The S-IVB was 
targeted for the translunar injection maneuver to achi eve a 2022-mile 
pericynthion free-return traj ectory . The command and service module/ 
lunar module traj ectory was altered 28  hours later by the first mid­
course correction which placed the combined spacecraft on a hybrid tra­
j ectory with a pericynthion of 6 7 . 0  miles . A second midcourse correc­
tion, 46 hours later, lowered the pericynthion to 60 . 7  mi les . 

After spacecraft separation, the S-IVB performed a programmed pro­
pellant dump and two attitude maneuvers that directed the vehicle to a 
lunar impact . The impact coordinates were 8 degrees 05  minutes 35 sec­
onds south latitude and 26 degrees 01 minute 23  seconds west longitude ; 
156 miles from the prelaunch target point but wi thin the nomi nal impact 
zone. 

6 . 2 LUNAR ORBIT 

6 . 2 .1 Orbital Traj ectory 

The service propulsion system was used to perform the lunar orb i t  
insertion maneuver. The orbit achieved had an apocynthion of 169 mi les 
and a pericynthion of 58 . 1  miles . After two lunar revolutions, the serv­
ice propulsion system was again used , this time to perform the descent 
orbit insertion maneuver which placed the combined spacecraft i n  an orbit 
wi th a pericynthion of 9 . 1  miles . On previous missions , the lunar module 
descent propulsion system was used to perform this maneuver . The use of 
the service propulsion system allows the lunar module to mai ntain a 
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6.0 TRAJECTORY

The general trajectory profile of this mission was similar to that

of previous lunar missions except for a few innovations and refinements

in some of the maneuvers. These changes were: (a) The service propul-
sion system was used to perform the descent orbit insertion maneuver

placing the com and and service modules in the low-perilune orbit (9.1
miles). (b) A direct rendezvous was performed using the ascent pro-

pulsion system to perform the terminal phase initiation maneuver.

Tables 6-I and 6-II give the times of major flight events and definitions

of the events; tables 6-III and 6-Iv contain trajectory parameter infor-

mation; and table 6-V is a summaxy of maneuver data.

6.l LAUNCH AND TRANSLUNAR TRAJECTORIES

The launch trajectory is reported in reference 5. The S-IVB was

targeted for the translunar injection maneuver to achieve a 2022-mile

pericynthion free-return trajectory. The command and service module/
lunar module trajectory was altered 28 hours later by the first mid-

course correction which placed the combined spacecraft on a hybrid tra-

jectory with a pericynthion of 6T.O miles. A second midcourse correc-

tion, M6 hours later, lowered the pericynthion to 60.7 miles.

After spacecraft separation, the S-IVB performed a programmed pro-

pellant dump and two attitude maneuvers that directed the vehicle to a

lunar impact. The impact coordinates were 8 degrees O5 minutes 35 sec-

onds south latitude and 26 degrees Ol minute 23 seconds west longitude;
156 miles from the prelaunch target point but within the nominal impact
zone.

6.2 LUNAR ORBIT

6.2.1 Orbital Trajectory

The service propulsion system was used to perform the lunar orbit

insertion maneuver. The orbit achieved had an apocynthion of 169 miles

and a pericynthion of 58.1 miles. After two lunar revolutions, the serv-

ice propulsion system was again used, this time to perform the descent

orbit insertion maneuver which placed the combined spacecraft in an orbit

with a pericynthion of 9.1 miles. On previous missions, the lunar module

descent propulsion system was used to perform this maneuver. The use of

the service propulsion system allows the lunar module to maintain a
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TABLE 6-I . - SEQUENCE OF EVENTS
a 

Range zero - 21 : 0 3 : 02 G.m . t . , January 31 , 1971 
Li ft-off - 21 : 03 : 02 . 6  G . m . t . , January 31 , 1971 
Translunar injecti on maneuver ,  Firing time = 350 . 8  s ec 
Trans lunar inje ction 
S-IVB/command module separation 
Trans lunar docking 
Spacecraft ej ecti on 
First mi dcours e correction , Firing time = 10 .1  sec 
Second mi dcours e correct ion , Firing time = 0 . 6 5  sec 
Lunar orbit insertion , Firing time = 370 . 8  sec  
S-IVB lunar impact 
Des cent orbit ins ertion , Firing time = 20 . 8  sec 
Lunar module nndocking and separation 
Ci rcul ari zat i on maneuver ,  Firing time = 4 s ec 
Powered des cent initiation , Firing time = 764 . 6  sec  
Lnnar landing 
St art first extravehi cular act ivity 
First dat a from Apollo lunar surface experiment package 
Plane change , Firing time = 18 . 5  sec 
Complete fi rst  extravehi cular activity 
St art s econd extravehicular activity 
End s econd extravehi cular activity 
Lnnar li ft-off , Firing t ime = 432 . 1  sec  
Vernier adj ustment maneuve r ,  Firing time = 12 . 1  sec 
Terminal phase initiation 
Terminal phase finali zation 
Docking 
Lnnar module jettison 
Separat i on maneuver 
Lunar module deorbit maneuver , Firing time = 76 . 2  sec  
Lnnar module lunar impact 
Trans earth inje cti on , Firing time = 149 . 2  sec  
Third mi dcours e corre ction , Firing time = 3 . 0  sec 
Command module/servi ce module separation 
Ent ry inter face 
Begin black out 
End blackout 
Drogue , deployment 
Landing 

a
See t ab le 6-II for event definitions . 

Elapsed time , 
hr :min : s ec 

02 : 28 : 32 
02 : 34 : 32 
0 3 :02 : 29 
04 : 5 6 : 5 6  
0 5 : 4 7 : 14 
30 : 36 : 08 
76 : 5 8 : 12 
81 : 56 : 41 
82 : 37 : 5 2  
86 : 10 : 5 3  

10 3 : 47 : 42 
10 5 : 11 : 46 
10 8 : 02 :2 7 
108 : 15 : 09 
113 : 39 : 11 
116 : 47 : 58 
117 : 29 : 33 
118 : 27 : 01 
131 : 08 : 13 
135 : 42 : 5 4 
141 : 45 : 40 
141 : 56 : 49 
142 : 30 : 5 1 
143 :13 : 29 
14 3 : 32 : 51  
145 : 44 : 58  
145 : 49 : 4 3  
147 : 14 : 1 7  
147 : 42 : 2 3  
148 : 36 : 02 
165 : 34 : 5 7 
215 : 32 : 42 
215 : 47 : 1+5 
215 : 48 : 02 
215 : 51 : 19 
215 : 5 6 : 08 
216 : 01 : 5 8 
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TABLE 6-I.- SEQUENCE OF þÿ�E�v�E�N�T�s �

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

Translunar injection
S-IVB/command module separation
Translunar docking
Spacecraft ejectio 
First midcourse correction, Firing time = 10.1 sec

Second midcourse correction, Firing time = 0.65 sec

Lunar orbit insertion, Firing time = 370.8 sec

S-IVB lunar impact
Descent orbit insertion, Firing time = 20.8 sec

Lunar module undocking and separation
Circularization maneuver, Firing time = M sec

Powered descent initiation, Firing time = 76h.6 sec

Lunar landing
Start first extravehicular activity
First data from Apollo lunar surface experiment package
Plane change, Firing time = 18.5 sec

Complete first extravehicular activity
Start second extravehicular activity
End second extravehicular activity
Lunar lift-off, Firing time = h32.1 sec

Vernier adjustment maneuver, Firing time = 12.1 sec

Terminal phase initiation

Terminal phase finalization

Docking
Lunar module jettison
Separation maneuver

Lunar module deorbit maneuver, Firing time = 76.2 sec

Lunar module lunar impact
Transearth injection, Firing time = 1h9.2 sec

Third midcourse correction, Firing time = 3.0 sec

Command module/service module separation
Entry interface

Begin blackout

End blackout

Drogue`deployment
Landing

aSee table 6-II for event definitio s.

Elapsed time,
hr:min:sec

02:28:32
02!3h!32
03:02:29

0h:56:56
05:h7:1h
30:36:08
76:58:12
81:56:h1
82:37:52
86:10:53

103:h7:h2
105:11:h6
108:02:27
108:15:09
113:39:11

116:h7:58
llT!29!33
ll8I2T!0l
131:08:13
135:h2:5h
1h1:h5:h0
1h1:56:h9
lh2!30:5l
1h3:13:29
1h3:32:51
1h5:hh:58
1h5:h9:h3
1h7:1h:17
1h7:h2:23
1h8:36:02
165:3h:57
2l5!32:h2
215:h7:h5
215:h8:02
215:51:19

215:56:08
216:01:58
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TABLE 6-II. - DEFINITION OF EVENT TIMES 

Range zero 

Lift-off 

Trans lunar injection maneuver 

S-IVB/ comme.nd module separat i on ,  trans lunar 
docki ng , spacecraft eJ ect i on ,  lunar module 
undocking and s eparation , docking, and com­
mand module landing 

Command and service module and lunar module 
computer-controlled maneuvers 

Command and s ervi ce module and lunar module 
non-computer-controlled maneuvers 

S-IVB lunar impact 

Lunar module descent engine cutoff time 

Lunar module impact 

Lunar landing 

Beginning , o f  extravehi cular activity 

End of extravehicular activity 

Apollo lunar surface experiment package first 
data 

Command module/service module s eparation 

Entry interface 

Begin and end blackout 

Drogue deployment 

Earth landing 

Definition 

Final integral second before li ft-off 

Instrumentation unit umb ilical dis connect 

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

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

The time the computer commands the engine on 
and off 

Engine ignition as indi cated by the appropri­
ate engine b ilevel telemetry measurement 

Loss of S-band transponder s ignal 

Engine cutoff established by the beginning of 
drop i n  thrust chamber pressure 

The time the fi nal data point is transmitted 
from the vehicle telemetry system 

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

The time cab i n  pressure reaches 3 psia during 
depressuri zation 

The time cab i n  pres s ure reaches 3 psia during 
repressuri zation 

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

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

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

S-band communication loss due to air ionization 
during entry 

Deployment indicated by drogue deploy relays 
A and B via the telemetry system 

The time the command module touches the water 
as determined from accelerometers 
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TABLE 6-II.- DEFINITION OF EVENT TIMES

Event

Range zero

Lift-off

Translunar inflection maneuver

S-IVB/command module separation, trans lunar

docking, spacecraft ejection, lunar module

undocking and separation, docking, and com-

mand module landing

Command and service module and lunar module

computer-controlled maneuvers

Command and service module and lunar module

non-computer-controlled maneuvers

S-IVE lunar impact

Lunar module descent engine cutoff time

Lunar module impact

lunar landing

Beg:lnning_of extravehicular activity

End of extravehicular activity

Apollo lunar surface experiment packsge first

data

Command module/service module separation

Entry interface

Begin and end blackout

Drogue deployment

Earth landing

Definition

Final integral second before lift-off

Instrumentation unit umbilical disconnect

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

The time of the event based on analysis of

spacecraft rate and accelerometer data

The time the computer conlnands the engine on

and off

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

Loss of S-band transponder signal

Engine cutoff established by the beginning of

drop in thrust chamber pressure

The time the final data point is transmitted

from the vehicle telemetry system

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

ysis of spacecraft rate data

The time cabin pressure reaches 3 psia during
depressuri zation

The time cabin pressure reaches 3 psia during
repres s uri zation

Receipt of first data considered to be valid

from the Apollo lunar surface experiment
package telemetry system

Separation indicated by conlnand module/service
module separation relays A and B via the

telemetry system

The time the command module reaches hoo 000

feet geodetic altitude as indicated by the

best estimate of the trajectory

S-band communication loss due to air ionization

during entry

Deployment indicated by drogue deploy relays
A and B via the telemetry systm

The time the command module touches the water

La determined from accelerometers
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TABLE 6-III . - TRAJECTORY PARAMETERS
a 

Reference Time, Latitude, Longitude , Altitude , Space-f'1�d Space-fixed Space-fixed 
Event body br:min:sec deg deg mile velocity . flight-path heading 1!1J18le , 

ft/sec angle, deg deg E of I 

Tre.nslunar pbase 

Tranellm.ar injection Earth 02:34:31.9 19.53 s 141.72 E 179 . 1  3 5  514 . 1  7.46 65. 5-9 

Command and service module/S--IVB Earth 03:02:29.4 19.23 K 153.41 w 4 297 . o  2 1!  089.2 46.8. 65 . 41 
separation 

.Docking Earth Ol! :56 :56 30.43 II' 137-99 w 20 603 . 4  13 204.1 66.3l 84.17 

Co11mand and service module /lunar Earth 05:47:14.4  30.91 II' 144.74 w 26 299 .6 11 723.5 68.54 87.76 
module eJeetion from S-IVB 

First midcourse correction 
Ignition Earth 30 :36:07.9 28,87 II' 130.33 w 118 515.0 4 .437 .9 76.47 101.98 
CUtoff Earth 30:36:18.1 28.87 N 130-37 w ll8 522.1 4 367 . 2  76.95 102.23 

Second midcourae correction 
Ignition Moon 76:58:12.0 0 . 56 N 61.40 w ll 900 . 3  3 711.4 -80.1 295.57 
Cut ott Mooo 76:58:1.2.6 0.56 N 61. �0 w ll 699 - 7  3 713.1 -80.1 295.65 

Lunar orbit pb&ae 

Lunar orbit inaertion 
Ignition Moon 81:56:1<0.7 2.83 N 171t . 81 w 87 · '  8 061.4 -9.91 257.31 
Cutoff Moon 82 :02:51.5 0,10 II' 161.58 E 61t.2 5 458.5 1.3 338.18 

S-IVB impact Mo= 82:37:52.2 

Deacent orbit insertion 
Ignition Moon 86:10:53.0 6.58 N 173.60 w 59.2 5 484 . 8  -0.08 247.1t4 
CUtoff Moon 86:11:13.8 6.29 N 174.65 w 59.0 5 279 . 5  -0.03 246.94 

Conme.nd e.nd aervice module/lu.nar Moon 103:47:41.6 1.2.65 6 87.76 E 30.5 5 435.8 -1.52 241.64 
module separation 

Comm.Bild e.nd service module circu-
lariu.tion 

Ignition Moon 105 :11:46.1 7,05 N 178.56 E 60.5 5 271.3 -0.1 248.58 
Cutoff Moon 105 :11:50.1 7.0it N 178.35 E 60.3 5 342.1 0.22 248.36 

Powered descent initiation Moon 108 :02:26.5 7.38 s 1-57 w 7 . 8  5 565 . 6  0.08 290. 811 

Landing Moon 108:15 :09 .3_  

Co11111.e.nd e.n d  service module ple.ne 
chang� 

Ignition Moon 117 :29:33.1 10.63 s 96.31 E 62.1 5 333 . 1  -o.olt 237.61 
CUtoff Moon 117:29 :51.6 10 . 7 8  s 9 5 . 1to E 62.1 5 333.3 0.01 241.79 

Ascent Moon 141 :45 :40 

Vernier adJustment Moon 141 : 5 6 :49.4 0 . 5  N 37.1 w 11.1 5 5b8. 5 0.52 282.1 

Terminal pba.se initiation Moon 142 :30:51.1 11.1 N 149-6 w ... 8 5 396.6 0 . 73 265.0 

Terminal phsae final Moon 143 :13:29.1 11.3 s 76.7 E 58.8 5 365. 5  -0.002 265 . 5  

Docking Moon 143:32 : 5 0 . 5  10,18 s 161.87 w 58.6 5 353 . 5  O.ll 268.06 

Lunar module Jettison Moon 145 :44:58.0 3.21 s 21.80 w 59.9 5 344.6 0 . 133 281.9 

ConmBild Blld service module Moon 145:49 :42.5 0.62 N 39-58 w 60.6 5 341.7 0 .119 282.3 
separation 

Lunar 111odule sacent stage deorbit 
Ignition Moon 147 :14:16.9 11 . 92 s 67.43 E 57.2 5 358 . 7  0 .018 267. 3  
cuto!'t' Moon 1117:1:>:33.1 12.12 s 63.-53 E 57.2 5 177 .o 0.019 267 . 7  

lAmar module sacent sts,ge impact Moon 147 :42:23.4 3.42 s 19.67 w 0.0 5 504.9 -3.685 281 . 7  

Transearth injection 
Ignition Moon 148:36:02.3 7.41 H 81.55 w 60.9 5 340.6 -0.17 260 . 81 
Cutoff Moon 14 8:38:31 . 5  6 . 64 N 168.85 E 66.5 8 505 . 0  5 . 29  266.89 

Tr!lllsearth coast pbBBe 

'n\ird midcourse correction Earth 165 :34:56.7 25.71 N 46.43 E 176 713 . 8  3 593.2 -79.61 L24 .88 

C�and module/service module Earth 215 :32:42.2 31.42 s 94<38. E 1 965.0 29 050.8 -36.62 l-"!.7.11 
s,epara.tion 

Entry and landing ph&aes 

Entry Earth 215 :47:45.3 36 . 36  s 165.00 E 66.8 36 170 . 2  -6.37 70.84 

Landing Earth 216:01 :58.1 

�ee table 6-IV for traJectory and orbital ps.r!IID.eter definitions. 
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TABLE 6-III .

- þÿ�'�l ��R�A�J�E�C�1 ��O�R�YPARAMETERS

Event
Reference Time, latitude, Igndtude, Altitude, sg d  hggxrgzfa

bow hrzminzsec deg deg mile
N/nc

'

angle' des M8 B or I
þÿ  �

T:-anslunar phase

' lx-snelunar injection Earth 02:310:3l.9 19.53 S 1101.12 E 119.1 35 5110.1 1.108 65-59

Comsnd md service module/S-IVB Earth 03:02129.10 19.23 I 153.101 U I; 291.0 214 089.2 105.814 55.101
separation

lnockxng Earth 05:56:56 30.103 l l 131.99 H 20 603.10 13 2010.1 56.31 814.11

Comsnd and service module/lunar Earth 05:101:110.1.| 30.91 l l 11010.110i l 26 299.6 11 123.5 58.510 81.15
module auction from S-IVE

First midcourse correction

Ignition Earth $:36:01.9 28.81 l l 130.33 U 118 515.0 101131.9 16.101 101.98
Cutoff Bush 30:35:18.1 28.81 N 130.31 H 118 522.1 1+351.2 16.95 102.23

Second midcourse correction

Ipnxsn Moon 16:58:12 o 0.56 a 61.100 w 11 900 3 3 111.10 -80.1 295.51
cutoff noon 16:58:l2.6 0.56 a 61.140 U 11 899.1 3 113.1 -80.1 295.65

Lunar orbit phase

lunar orbit insertion

Ignition Hoon 8l:55:1+0.1 2.83 H 1110.81 V 81.14 8 051.10 -9.91 251.31
cutoff Moon &:02:51.5 0.10 I 161.58 E 614.2 5 1058.5 1.3 338.18

S-IVB impact Muon &:31:52.2

Descent orbit insertion

Ignition Moon 86:l0:53.0 6.58 II 113.50 H 59.2 5 10810.8 -0.08 2101.1|10
Cutoff Phan 86:l1:13.8 6.29 l l 1110.65U 59.0 5 219.5 -0.03 2105.910

Comand and service module/lunar Moon 103:101:10l.6 12.65 S 81.16 E 30.5 5 1035.8 -1.52 2101.65
module separation

Command and service module circu-

larhation

Ignition Moon 105:L1:|s6.l 7.05 l l 118.55 E 60.5 5 211.3 -0.1 2108.58
Cutoff Moon 105:11:50.1 1.010 l l 118.35 2 60.3 5 3102.1 0.22 2108.36

Powexed descent initiation Moon 108:D2:26.5 1.38 S 1.51 W 1.8 5 555.6 0.08 290.810

Landing Mmm 108:15 :09 .3_

ma d and service module plane
change

Ignition Moon 111:29:33.1 10.63 S 96.31 E 52.1 5 333.1 -0.010 231.51
Cutoff Noon 111:29:51.6 10.18 S 95.100 E 62 1 5 333.3 0.01 2101.19

Ascent Moon 1101:105:100

Vernier adjustment Moon 1101:56:109.10 8.5 l l 31.1 H ll.1 5 51.8.5 0.52 282.1

Teminal phase init inxm Hoon 1102:30:51 1 11.1 n 1109.6 v 101.8 5 396.5 0.73 255.0

Terminal phase final Moon 1103:13:29.1 11.3 S 15.1 E 58.8 5 365.5 -0.002 265.5

Docking Hoo!! 1103:32:50.5 10.18 S 151.81 W 58 5 5 353.5 0.11 268.05

Lunar module Jettison Moon 1105:1010:58.0 3.21 S 21.80 W 59 9 5 31010.6 0.133 281.9

Command and service module Moon l105:109:102.5 0.62 l l 39.58 W 50.6 5 3101.1 0.119 282.3
separation

Lunar module ascent stage deorbit

Ignition lb0n 1101:110:l6.9 11.92 S 67.113 E 51.2 5 358.1 0.018 261.3
cutoff um.. 1'12.12s63.-53x51-25111.00.019251.112.12 s 63.-53 x 51-2 5 111.0 0.019 251.1

lunar mndule aacent stage impact l lbon 110T:1s2:23.10 3.102 S 19.51 H 0.0 5 5010.9 -3.685 281.1

Trsnaearth inJection
Iyiitinn Moon 1108:36:02.3 1.101 N 81.55 U 50.9 5 3100.6 -0.11 250.81
cutoff mon 158:38:31.5 6.614 l l 158.85 E 56 5 8 505.0 5.29 265.89

'R-ansearth coast phase

Third midcourse correction Earth l65:310:55.1 25.11 l l 106.103E 115 113 8 3 593.2 -19.51 L210.88

Cqzsssndmodule/service module Earth 215:32:102 2 31.102 S 910238.B l 965 0 29 050.8 -36.62 111.11
separation

Entry Barth 215=1|1=|05.3 165.Hl 1: 66 8 36 110.2 -5.31

Landing Earth 216:01:58.1

`5ee table 6-IV for trajectory and orbital parameter definitions.
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TABLE 6-IV . - DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS 

Trajectory parameters 

Geodetic latitude 

Selenographic lat itude 

Longitude 

Alt itude 

Space-fixed velocity 

Space-fixed flight-path angle 

Space-fixed heading angle 

Apogee 

Perigee 

Apocynthion 

Pericynthion 

Period 

Inclination 

Longitude of the ascending node 

Definition 

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

The defini tion is the same as that of the geode t i c  lati­
tude except that the reference body is the moon rather 
than the eart h ,  deg 

The spherical coordinate , as measured in the equatorial 
plan e ,  between the plane of the reference body 1 s  prime 
meridian and the plane of the spacecraft meridian , dep, 

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

Magnitude of the inertial velocity vector referenced to 
the body-centered , inert i al reference coordinate system , 
ft/sec 

Flight-path angle measured pos i t i ve upward from the body­
centered local hori zontal plane to the inert i al velocity 
vect o r ,  deg 

Angle of the proj ection of the inertial velocity vector 
onto the body-centered local hori zontal plane , measured 
pos i tive e as tward from north , deg 

The point of maximum orbital alti tude of the spacecraft 
ab ove the center of the earth , m i les 

The point of minimum orbital alti tude of the spacecraft 
above th e center of the earth , miles 

The point of maximum orbital alti tude above the moon as 
measured from the radius of the lunar landing s i te , miles 

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

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

The true adgle between the spacecraft orb i t  plane and the 
reference body ' s  equatorial plane , deg 

The longi tude at wh i ch the orbit plane crosses the refer­
ence body ' s  equatorial plane going from the Southern to 
the Northern Hemisphere , deg 
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TABLE 6-IV.- DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS

Tr§gecto§z parameters

Geodetic latitude

Selenographic latitude

Longitude

Altitude

Space-fixed velocity

Space-fixed flight-path angle

Space-fixed heading angle

Apogee

Perigee

Apocynthion

Pericynthion

Period

Inclination

longitude of the ascending node

Definition

The spherical coordinate measured along a meridian on the

earth from the equator to the point directly beneath the

spacecraft, deg

The definition ia the same as that of the geodetic lati-

tude except that the reference body is the moon rather

than the earth, deg

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

The distance measured along a vector from the center of

the earth to the spacecraft. When the reference bod is

the moon, it is the distance measured from the radius of

the landing site to the spacecraft along a vector from

the center of the moon to the spacecraft, ft or miles

Magnitude of the inertial velocity vector referenced to

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

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

Angle of the projection of the inertial velocity vector

onto the body-centered local horizontal plane, measured

positive eastward from north, deg

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

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

The point of maximum orbital altitude above the moon as

measured from the radius of the lunar landing site, miles

The point of minimum orbital altitude above the moon as

measured from the radius of the lunar landing site, miles

Time required for spacecraft to complete 360 degrees of

orbit rotation, min

The true angle between the spacecraft orbit plane and the

reference body's equatorial plane, deg

The longitude at which the orbit plane crosses the refer-

ence body's equatorial plane going from the Southern to

the Northern Hemisphere, deg
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TABLE 6-V . - MANEUVER SUMMARY 

(a) Translune.r 

Velocity Resultant perleynthion conditions 

Maneuver System. Ignition time , Firing time . change . hr :min:sec BOO tt/sec Altitude , Velocity, La.ti tude , Lone:itude , Arrival time, 
miles ft/sec deg:min deg :min br:min:sec 

!'ranslunar injection S-IVB 2:28:32.4 350.8 10 366.5 1979 5396 1.:14 II' 172:24 w 82:15:19 

. Cofll!ll.and and service mod- Reactioo. control 
ule/lunar module sepa-

5 : 47:14.4 6.9 0 . 8  1980 5550 2:56 K 173:52 w 82:11:20 

ratioo. tram S-IVB 
S-IVB evasive maneuver 5-IVB auxiliary 6 : ola:20 80.0 9 . 5  0 8368 2:05 lJ 131:52 w 82:01:01 

propulsion 

)iirst midcourse correc- Service propu1sion 30:36:07.9 10.1 71.1 67 8130 2:21 lf 167:48 E 82:00:45 
tion 

Second midcourse ocr- Service propulsion 76:58:12 0.65 3.5 61 8153 2:12 N 167 :IU E 82:40:36 
rection 

(b) Lunar orbit 

Velocity Resultant orbit 

Maneuver System Ignition time , Firina: time, change, br:min:sec .., 
ft/sec Apocynthion. Perleynthion • 

miles miles 

Lunar orbit insertion Service propul.BiOil 81:56:40.7 370 . 8  3022 . 4  169 .0 58.1 

Descent orbit inaertioo Service propulsion 86:10:53 20.8 205.7 58.8 9.1 

Cot����Wld module/lunar mod- Service module reaction 103:47:41.6 2 . 7  0 . 8  6o . 2  ·r. 8  
ule separation COiltrol 

Lunar orbit circularization Service propulsion 105 :U:46.1 4.0 77.2 63.9 56.0 

Powered descent irdtiation Descent propulsioo 108�02 :26 .5 764:6 6639.1 - -

Lunar orbit plane change Service propulsion 117:29 :33.1 18. 5 370 . 5  62.1 5'[. 7 

Lunar orbit insertiOD. Ascent propulsioo 141:45:40 432.1 6o66.1 51.7 8 . 5  

Vernier adJustment Lunar module reaction 141 :56:49.4 12.1 10.3 51.2 6.4 
control 

Termins.l ph8.6e ini tiatiOD Ascent propulsicm 142 :30:51.1 3 . 6  88.5 60.1 46.0 

Termins.J. phase :final.iza- Lunar module reaction 143:13:29.1 26.7• 32.011 61.5 5B.2 
tion control 

Fina.J. separation Service module reaction 145:49:42.5 15 . 8  3 .  4 63.4 56.8 
control 

Lunar moduie deorb1 t Lunar module reaction 147:14 :16.9 76.2 186.1 56.7 -59.8 
control 

-Theoretical vs.l.ues . 

( c )  TrB.llsearth 

Velocity Resultant entry interfe.ce condition 

Event System Ignition time, Firill8 time, 
change , hr:min:sec aeo :rt/eec Flie:ht-path Velocity, Latitude , Long:i tude , Arrivs.J. time, 

angle, deS rt/aec deg :min deg:min br:min:aec 

Transearth inJection Service propulsion 148:36:02.3 149.2 3460.6 -7.3 36 127 27:02 8 171:30 w 216 :26:59 

rb�rd midcourse ror- Service module 165 :34:56.7 3.0 0.5 -6.63 36 170 36:30 s 165:15 E 216:27:31 
re.ct.:l.on reaction control 
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TABLE 6-V.- R SUMMARY

(a) Tranalunar

..1..m
Ignition time. Firing tile

sync"
hr:n1n:sec sec

'

þÿ�'�;�:�7�:�E�'�; �Altitude, Velociiy, latitude, Longitude, Arrival time.
miles ft/sec deg:m1n deg :min hr:m1n:sec

Tronslunnr 1n,1ection S-IVB 2:28:32.|¢ 350.8 10 366.5 1919 5396 |:ll| ll 172:20 H 82:15:19

-Www# W1 s=r'1'=° md- ne-etm: mntrol 5:h1:1h.h 6.9 0.8 1980 5550 2:56 x 113:52 H 52:11:20
ule/lunar module aepa-

ratim hm S-IVB

S-IVE evasive maneuver S~1VB auxiliary 6:0||:20 50.0 9.5 0 8368 2:05 ll 131:52 U 82:01:01

prvllulsion

First aldenune oorrec- Service vr°P|1si°s 30:36:01.9 10.1 11.1 61 8130 2:21 1| 16'f:laB 2 82:0o:|:5
tion

Second midcourae cor- Service propulsion 16:58:12 0.65 3.5 61 8153 2:12 ll l6T:k1 R 82:50:36
rection

(b) Lunar orbit

S þÿ ��e�m Ipition time, Firing time, veiuny
Ruunmt own K

ya hr:min:aec seo þÿ�a�x�i�s � Perlwnthion,
lilea miles

Lunar orbit insertion

Descent orbit inaevtim

Uomand nodule/lunu mod-

ule aeparation

Lunar orbit circulariaation

Powered descent initiation

Lunar orbit plone change

lunar orbit insertion

Vemier adJuatment

Teminad phase initiotim

Terminal. phase finaliza-
tion

P12111 separation

Lunar nodule dearblt

'Theoretical values.

Service propulaim

Service propulsion

Service module reaction

control

Service propulaim

Descent propulsim

Service propulsion

Ascent prapulsim

Lunar module reaction

control

Aaeent propulsion

Lunar module reaction

control

Service module reuctim

control

Lunar module reaction

Cllllirhl

Igxition time,
system hr min aec

'rrmsearth 1n,)ect1on Service propulsion 1148 36 02 3

'K§J,rdmidcourse cor- Service module 3|o 56 7
nctdon reaction control

81:56:l|0

86:10:53

103:||1:||1

105:1l:||6

108:02:26

111:29 :33

1||1:||5:|A0

1|Al:56:|49.

1||2:30:51.

l||3:13:29

11a5:1¢9:h2

1|o1:1|0:16.

.1

6

1

5

1

I:

.1

.5

9

310.8

20.8

2.1

10.0

16|o:6

18.5

|:2.l

12.1

.1°

16.2

c þÿ�'�l ��x�-�a�n�s�e�n�x�t�h

3022.34

205.1

0.8

11.2

6639.1

310. 5

6066.1

10.3

88 5

32.0|

15.1

169
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higher descent propulsion system propellant margin . Both vehicles re­
mained in the low-pericynthion orbit until shortly after lunar module 
separation . After separation , the pericynthion of the command and s erv­
ice modules was increased to 56 miles and a plane-change maneuver was 
later executed to establish the proper conditions for rendezvous . 

6 . 2 . 2  Lunar Descent 

Preparations for lunar descent . - The powered descent and lunar land­
ing were similar to those of previous missions . However , the navigation 
performed in preparation for powered descent was more accurate because 
of the command and service modules being in the 5 8 . 8- by 9 . 1-mile des cent 
orbit for 22 hours prior to powered descent initiation . While in this 
orbit , the Ne twork obtained long periods of radar tracking of the unper­
turbed spacecraft from which a more accurate spacecraft state vector was 
determined. The position of the command module relative to a known land­
mark near the landing site was accurately de termined from sextant marks 
taken on the landmark. Corrections for known offset angles between the 
landmark and the landing site were used to compute a vector to the land­
ing site. This vector was sent to the lunar module. Also , the Mis sion 
Control Center propagated this vector forward to the time of landing to 
predict errors due to navigation. This procedure was performed during 
the two revolutions before powered descent and a final landing s ite up­
date of 2800 feet was computed and relayed to the crew . After ignition 
for the powered descent , the crew manually inserted the update into the 
computer. 

Powered descent. - Traj ectory control during descent was nominal, 
and only one target redesignation of 350 feet left ( toward the south ) 
was made to take advantage of a smoother landing area . After manual 
takeover , the crew flew approximately 2000 feet downrange and 300 feet 
north ( fig. 6-1 )  because the targeted coordinates of the landing s ite 
given to the lunar module computer were in error by about 1800 feet. 

Coordinates of the landing point are 3 de grees 40 minutes 2 4  sec­
onds south latitude and 17 degrees 27 minutes 55 seconds wes t longitude , 
which is 55  feet north and 16 5 feet east of the prelaunch landing site 
( fig. 6-2 ) . ( Further discussion of the descent is contained in section 
8 .  6 . )  

6 - 7

h i g h e r d e s c e n t p r o p u l s i o n s y s t e mp r o p e l l a n t m a r g i n . B o t h v e h i c l e s r e -

m a i n e d i n t h e l o w - p e r i c y n t h i o no r b i t u n t i l s h o r t l y a f t e r l u n a r m o d u l e

s e p a r a t i o n . A f t e r s e p a r a t i o n , t h e p e r i c y n t h i o no f t h e c o m m a n d a n d s e r v -

i c e m o d u l e s w a s i n c r e a s e d t o 5 6 m i l e s a n d a p l a n e - c h a n g em a n e u v e r w a s

l a t e r e x e c u t e d t o e s t a b l i s h t h e p r o p e r c o n d i t i o n s f o r r e n d e z v o u s .

6 . 2 . 2 L u n a r D e s c e n t

P r e p a r a t i o n sf o r l u n a r d e s c e n t . - T h e p o w e r e dd e s c e n t a n d l u n a r l a n d -

i n g w e r e s i m i l a r t o t h o s e o f p r e v i o u s m i s s i o n s . H o w e v e r ,t h e n a v i g a t i o n
p e r f o r m e di n p r e p a r a t i o n f o r p o w e r e dd e s c e n t w a s m o r e a c c u r a t e b e c a u s e

o f t h e c o m  a n d a n d s e r v i c e m o d u l e s b e i n g i n t h e 5 8 . 8 - b y 9 . 1 - m i l e d e s c e n t

o r b i t f o r 2 2 h o u r s p r i o r t o p o w e r e dd e s c e n t i n i t i a t i o n . W h i l e i n t h i s

o r b i t , t h e N e t w o r k o b t a i n e d l o n g p e r i o d s o f r a d a r t r a c k i n g o f t h e u n p e r -

t u r b e d s p a c e c r a f t f r o m w h i c h a m o r e a c c u r a t e s p a c e c r a f t s t a t e v e c t o r w a s

d e t e r m i n e d . T h e p o s i t i o n o f t h e c o m m a n dm o d u l e r e l a t i v e t o a k n o w n l a n d -

m a r k n e a r t h e l a n d i n g s i t e w a s a c c u r a t e l y d e t e r m i n e d

t a k e n o n t h e l a n d m a r k . C o r r e c t i o n s f o r k n o w n o f f s e t

l a n d m a r k a n d t h e l a n d i n g s i t e w e r e u s e d t o c o m p u t ea

i n g s i t e . T h i s v e c t o r w a s s e n t t o t h e l u n a r m o d u l e .

C o n t r o l C e n t e r p r o p a g a t e dt h i s v e c t o r f o r w a r d t o t h e

f r o m s e x t a n t m a r k s

a n g l e s b e t w e e n t h e

v e c t o r t o t h e l a n d

A l s o , t h e M i s s i o n

t i m e o f l a n d i n g t o

p r e d i c t e r r o r s d u e t o n a v i g a t i o n . T h i s p r o c e d u r ew a s p e r f o r m e dd u r i n g
t h e t w o r e v o l u t i o n s b e f o r e p o w e r e dd e s c e n t a n d a f i n a l l a n d i n g s i t e u p -
d a t e o f 2 8 0 0 f e e t w a s c o m p u t e da n d r e l a y e d t o t h e c r e w . A f t e r i g n i t i o n
f o r t h e p o w e r e dd e s c e n t , t h e c r e w m a n u a l l y i n s e r t e d t h e u p d a t e i n t o t h e

c o m p u t e r .

P o w e r e d d e s c e n t . - T r a j e c t o r y c o n t r o l d u r i n g d e s c e n t w a s n o m i n a l ,
a n d o n l y o n e t a r g e t r e d e s i g n a t i o no f 3 5 0 f e e t l e f t ( t o w a r dt h e s o u t h )
w a s m a d e t o t a k e a d v a n t a g eo f a s m o o t h e r l a n d i n g a r e a . A f t e r m a n u a l

t a k e o v e r , t h e c r e w f l e w a p p r o x i m a t e l y2 0 0 0 f e e t d o w n r a n g ea n d 3 0 0 f e e t

n o r t h ( f i g . 6 - l ) b e c a u s e t h e t a r g e t e d c o o r d i n a t e s o f t h e l a n d i n g s i t e

g i v e n t o t h e l u n a r m o d u l e c o m p u t e rw e r e i n e r r o r b y a b o u t 1 8 0 0 f e e t .

C o o r d i n a t e s o f t h e l a n d i n g p o i n t a r e 3 d e g r e e sh o m i n u t e s 2 h s e c -

o n d s s o u t h l a t i t u d e a n d 1 ? d e g r e e s2 ? m i n u t e s 5 5 s e c o n d s w e s t l o n g i t u d e
w h i c h i s 5 5 f e e t n o r t h a n d 1 6 5 f e e t e a s t o f t h e p r e l a u n c hl a n d i n g s i t e

( f i g . 6 - 2 ) . ( F u r t h e rd i s c u s s i o n o f t h e d e s c e n t i s c o n t a i n e d i n s e c t i o n

8 . 6 . )
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6 . 2 . 3  Lunar As cent and Rende zvous 

Lift-off from the lunar surface oc curred at 141 :45 : 40 ,  during the 
31st lunar revolution of the command and s ervi ce modules . After 432 . 1  
s econds of firing t ime , the as cent engine was automati cally shut down 
with velo city res iduals of minus 0 . 8 ,  plus 0. 3 ,  and plus 0. 5 ft /sec in 
the X, Y ,  and Z axes , respectively . These were trimmed to minus 0 . 1 , 
minus 0 . 5 ,  and plus 0 . 5  ft / s ec in the X, Y ,  and Z axes , respectively . 
Comparison o f  the primary guidance , abort gui dance , and the powered 
flight pro cessor data showed good agreement throughout the as cent as 
can be s een in the following table o f  insertion parameters . 

Hori zontal Radial 
Data source velo city , ��ci� , Altitude , ft 

ft/sec ft /sec 

Primary guidance and 
navigation system 5544 30 60 311 

Powere d flight pro cessor 5544 29 60 345 

Abort gui dance system 5542 29 60 309 

To accomplish a direct rendezvous with the command mo dule , a re­
action control system vernier adjustment maneuver of 10 . 3  ft /sec was 
perfo rme d approximately 4 minut es after as cent engine cutoff . The ma­
neuver was necessary becaus e the lunar module as cent program i s  t argeted 
to achieve an ins ertion velo city and not a specific pos ition vector .  
Direct rende zvous was nominal and do cking o c curred 1 hour 47 minutes 
10 seconds aft er lunar lift-off . 

The lunar module rende zvous navigation was accomplished throughout 
the rende zvous phase and all so lutions agreed closely with the ground 
solution . The command mo dule which was performing backup rende zvous 
navigation was not ab le to obtain acceptab le VHF ranging data unti l  after 
the terminal phase initiat i on maneuver .  The VHF anomaly is discus sed in 
s ect ion 14 . 1 . 4 .  Figure 14-7 is a comparis on o f  the relative range as 
measured by lunar module rende zvous radar and command module VHF, and 
determined from command module state vectors and the best-estimate tra­
j e ctory propagations . The VHF mark taken at 142 :05 : 15 and incorporated 
into the command module computer ' s  st ate vector for the lunar module 
caused an 8 . 8-mile relative range erro r .  

Several s ext ant marks were taken after this error was introduced. 
Because the computer weighs the VHF marks more heavi ly than the sextant 
marks , the additional s extant marks did not reduce the error s igni ficant­
ly. The ranging problem apparently cleared up aft er the terminal phas e  

6 - 1 0

6 . 2 . 3 L u n a r A s c e n t a n d R e n d e z v o u s

L i f t - o f f f r o m t h e l u n a r s u r f a c e o c c u r r e d a t l h l :h5 :h0 , d u r i n g t h e

3 l s t l u n a r r e v o l u t i o n o f t h e c o m m a n d a n d s e r v i c e m o d u l e s . A f t e r h 3 2 . l
s e c o n d s o f f i r i n g t i m e , t h e a s c e n t e n g i n e w a s a u t o m a t i c a l l y s h u t d o w n

w i t h v e l o c i t y r e s i d u a l s o f m i n u s 0 .8 , p l u s 0 . 3 , a n d p l u s 0 . 5 f t / s e c i n

t h e X , Y , a n d Z a x e s , r e s p e c t i v e l y . T h e s e w e r e t r i m m e d t o m i n u s 0 . 1 ,
m i n u s 0 . 5 , a n d p l u s 0 . 5 f t / s e c i n t h e X , Y , a n d Z a x e s , r e s p e c t i v e l y .
C o m p a r i s o n o f t h e p r i m a r y g u i d a n c e , a b o r t g u i d a n c e , a n d t h e p o w e r e d
f l i g h t p r o c e s s o r d a t a s h o w e d g o o d a g r e e m e n t t h r o u g h o u t t h e a s c e n t a s

c a n b e s e e n i n t h e f o l l o w i n g t a b l e o f i n s e r t i o n p a r a m e t e r s .

H o r i z o n t a l R a d i a l

D a t a s o u r c e v e l o c i t y , v e l o c i t y , A l t i t u d e , f t

f t / s e c f t / s e c

P r i m a r y g u i d a n c e a n d -

n a v i g a t i o n s y s t e m 55hh 3 0 6 0 3 l l

P o w e r e d f l i g h t p r o c e s s o r sshh 2 9 6 0 3h5

A b o r t g u i d a n c e s y s t e m 55h2 2 9 6 0 3 0 9

T o a c c o m p l i s h a d i r e c t r e n d e z v o u s w i t h t h e c o m m a n d m o d u l e , a r e -

a c t i o n c o n t r o l s y s t e m v e r n i e r a d j u s t m e n t m a n e u v e r o f l 0 . 3 f t / s e c w a s

p e r f o r m e d a p p r o x i m a t e l y H m i n u t e s a f t e r a s c e n t e n g i n e c u t o f f . T h e m a -

n e u v e r w a s n e c e s s a r y b e c a u s e t h e l u n a r m o d u l e a s c e n t p r o g r a m i s t a r g e t e d
t o a c h i e v e a n i n s e r t i o n v e l o c i t y a n d n o t a s p e c i f i c p o s i t i o n v e c t o r .

D i r e c t r e n d e z v o u s w a s n o m i n a l a n d d o c k i n g o c c u r r e d l h o u r MTm i n u t e s

l 0 s e c o n d s a f t e r l u n a r l i f t - o f f .

T h e l u n a r m o d u l e r e n d e z v o u s n a v i g a t i o n w a s a c c o m p l i s h e d t h r o u g h o u t
t h e r e n d e z v o u s p h a s e a n d a l l s o l u t i o n s a g r e e d c l o s e l y w i t h t h e g r o u n d
s o l u t i o n . T h e c o m m a n d m o d u l e w h i c h w a s p e r f o r m i n g b a c k u p r e n d e z v o u s

n a v i g a t i o n w a s n o t a b l e t o o b t a i n a c c e p t a b l e V H F r a n g i n g d a t a u n t i l a f t e r

t h e t e r m i n a l p h a s e i n i t i a t i o n m a n e u v e r . T h e V H F a n o m a l y i s d i s c u s s e d i n

s e c t i o n l h . l . h . F i g u r e l k - T i s a c o m p a r i s o n o f t h e r e l a t i v e r a n g e a s

m e a s u r e d b y l u n a r m o d u l e r e n d e z v o u s r a d a r a n d c o m m a n d m o d u l e V H F , a n d

d e t e r m i n e d f r o m c o m m a n d m o d u l e s t a t e v e c t o r s a n d t h e b e s t - e s t i m a t e t r a -

j e c t o r y p r o p a g a t i o n s . T h e V H F m a r k t a k e n a t l h2 :05 : l 5 a n d i n c o r p o r a t e d
i n t o t h e c o m m a n d m o d u l e c o m p u t e r ' s s t a t e v e c t o r f o r t h e l u n a r m o d u l e

c a u s e d a n 8 . 8 - m i l e r e l a t i v e r a n g e e r r o r .

S e v e r a l s e x t a n t m a r k s w e r e t a k e n a f t e r t h i s e r r o r w a s i n t r o d u c e d .

B e c a u s e t h e c o m p u t e r w e i g h s t h e V H F m a r k s m o r e h e a v i l y t h a n t h e s e x t a n t

m a r k s , t h e a d d i t i o n a l s e x t a n t m a r k s d i d n o t r e d u c e t h e e r r o r s i g n i f i c a n t -
l y . T h e r a n g i n g p r o b l e m a p p a r e n t l y c l e a r e d u p a f t e r t h e t e r m i n a l p h a s e
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initiat i on maneuver and the VHF was used s atis factori ly for the midcours e 
corre cti ons . Tab le 6-VI provides a summary of the rende zvous maneuver 
s oluti ons . 

TABLE 6-VI . - RENDEZVOUS SOLUTIONS 

Computed velocity change , ft /s ec 

Maneuver 
Lunar Command and Network module servi ce module 

Terminal phase v = 63 . 0  v = 62 . 1  v = -67 . 4  
init iat i on � = 1 . 0  � = 0 . 1 � = 0 . 5  yY = 67 . 0  vY = 63 . 1  vY = -69 . 2  

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

First midcours e No ground v = -0 .9 v = 1 . 3  
correct i on solut i on .  � = 0 . 2  vx = -0 . 1  

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

Second mi dcours e No ground v = -0 . 1  v = 0 . 6  
correction solution . � = 0 . 1 � = -0 . 2  

vY 
= -1 . 4  vY = -2 . 2  

vz = 1 . 6  vz 
= 2 . 3  t t 

6 . 2 . 4  Lunar Module Deorbit 

Two hours after docking , the command and s ervi ce modules and lunar 
module were oriented to th e lunar module deorbit attitude , undocked , and 
the command and s ervi ce modules then separated from the lunar module . 
The lunar module was deorbited on this  mis s ion , s imilar to Apollo 12 . 
The deorbi t was performed t o  eliminate the lunar module as an orbital 
debris hazard for future miss ions and to provi de an impact that could 
be used as a calibrated impuls e for the s eismograph ic equipment . The 
reaction control system of the lunar module was used to perform the 
75-s econd deorbit firing 1 hour 24 minutes 19 . 9  seconds after the com­
mand and s ervi ce modules had s eparated from the lunar module . The lunar 
module impacted the lunar surface at 3 degrees 2 5  mi nutes 12 s econds 
s outh latitude and 19 degrees 40 minutes 1 s econd west longitude with a 
velocity of about 5500 feet per s econd . This  point was 36 miles from the 
Apollo 14 landing site , 62 miles from the Apollo 12 landing site , and 
7 miles from the prelaunch t arget point . 
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initiation maneuver and the VHF was used satisfactorily for the midcourse

corrections. Tab1e 6-VI provides a su mary of the rendezvous maneuver

solutions.

TABLE 6-VI.- RENDEZVOUS SOLUTIONS

Computed velocity change, ft/sec

Maneuver
Lunar Command and

Network
module service module

Terminal phase V = 63.0 V = 62.1 V = -6T.h
initiation Vx = 1.0 V" = 0.1 V" = 0_5

VT;= 67.0 V; = 63.1 V; = -69.2

Vi
- 92.0 Vi

= 88.5 Vt
= 96.6

First midcourse No ground V = -0.9 V = 1_3
correction solution. Vx = 0.2 Vx = -0.l

V; = 0.6 V; = -1.1

V£
= 1.1 Vt

= 1.7

Second midcourse No ground V = -0.1 V = 0.6
correction solution. Vx = 0.1 Vx = -0.2

V: = -1.1¢ V; = -2.2

V£
= 1.6 Vt

= 2.3

6.2.h Lunar Module Deorbit

Two hours after docking, the command and service modules and lunar

module were oriented to the lunar module deorbit attitude, undocked, and

the command and service modules then separated from the lunar module.

The lunar module was deorbited on this mission, similar to Apollo l2.

The deorbit was performed to eliminate the lunar module as an orbital

debris hazard for future missions and to provide an impact that could

be used as a calibrated impulse for the seismographic equipment. The

reaction control system of the lunar module was used to perform the

T5-second deorbit firing l hour 2h minutes 19.9 seconds after the com-

mand and service modules had separated from the lunar module. The lunar

module impacted the lunar surface at 3 degrees 25 minutes 12 seconds

south latitude and l9 degrees ho minutes l second west longitude with a

velocity of about 5500 feet per second. This point was 36 miles from the

Apollo lk landing site, 62 miles from the Apollo 12 landing site, and

T miles from the prelaunch target point.
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6 . 3  TRANSEARTH AND ENTRY TRAJECTORIES 

A nominal transe arth inj ection maneuver was performed at ab out 
14 8 hours 36 minutes . Seventeen hours after trans earth inj ection , the 
thi rd and final midcours e correction was performed .  

Fifteen minutes prior to  entering the earth 1 s atmosphere , the com-­
mand module was s eparated from the service module . The command module 
was then oriented to blunt-end-forward for earth entry . Entry was nom­
inal and the spacecraft landed in  the Paci fic Ocean les s  than one mile 
from the prelaunch t arget point . 

6 . 4  SERVICE MODULE ENTRY 

The service module should have entered the earth ' s  atmosphere and 
its debris landed in  the Pacific  Ocean approximately 6 50 miles s outhwest 
of the command module landing point . No radar coverage was planned nor 
were there any s ightings report ed for confirmation .  
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6 . 3 T R A N S E A R T HA N D E N T R Y T R A J E C T O R I E S

A n o m i n a l t r a n s e a r t h i n j e c t i o n m a n e u v e r w a s p e r f o r m e d a t a b o u t

l h 8 h o u r s 3 6 m i n u t e s . S e v e n t e e n h o u r s a f t e r t r a n s e a r t h i n j e c t i o n , t h e

t h i r d a n d f i n a l m i d c o u r s e c o r r e c t i o n w a s p e r f o r m e d .

F i f t e e n m i n u t e s p r i o r t o e n t e r i n g t h e e a r t h ' s a t m o s p h e r e ,t h e c o m "

m a n d m o d u l e w a s s e p a r a t e d f r o m t h e s e r v i c e m o d u l e . T h e c o m m a n d m o d u l e

w a s t h e n o r i e n t e d t o b l u n t - e n d - f o r w a r d f o r e a r t h e n t r y . E n t r y w a s n o m -

i n a l a n d t h e s p a c e c r a f t l a n d e d i n t h e P a c i f i c O c e a n l e s s t h a n o n e m i l e

f r o m t h e p r e l a u n c h t a r g e t p o i n t .

6 . h S E R V I C E M O D U L EE N T R Y

T h e s e r v i c e m o d u l e s h o u l d h a v e e n t e r e d t h e e a r t h ' s a t m o s p h e r ea n d

i t s d e b r i s l a n d e d i n t h e P a c i f i c O c e a n a p p r o x i m a t e l y6 5 0 m i l e s s o u t h w e s t

o f t h e c o m m a n d m o d u l e l a n d i n g p o i n t . N o r a d a r c o v e r a g e w a s p l a n n e d n o r

w e r e t h e r e a n y s i g h t i n g s r e p o r t e d f o r c o n f i r m a t i o n .



7 .  0 COMMAND AND SERVICE MODULE PERFORMANCE 

7 . 1  STRUCTURAL AND MECHANICAL SYSTEMS 
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Structural loads on the spacecraft during all phas es of the mis s i on 
were within des ign limits . The predi cted and calculated loads at li ft-­
off , in the regi on o f  maximum dynamic pressure , at the end of fi rst stage 
boos t ,  and during staging were simi lar to those of previous mis s ions . 
Command module accelerometer data pri or to S-IC center engine cutoff in­
di cate  a s ustained 5-hert z longitudinal os c i llation with an ampli tude of 
0 . 17g,  which is similar to that measured during previous flights . Os c i l­
lat i ons during the S-II boost phas e  had a maximum measured amplitude of 
les s  than 0 . 06g at a frequency of  9 hert z . The amplitudes of both os cil­
lations were within acceptable structural design limits . 

Six attempts were required to dock the command an d  s ervi ce module 
with the lunar module following trans lunar injection . The measured rates 
and indi cated reaction control system thruster act i vity during the five 
unsucces s ful docking attempts show that capture should have occurred each 
time . The mechanism was actuated and inspected in the command module 
following docking . This investigation indi cated that the probe mechani cal 
components were functi oning normally . Subs equent undocking an d  docking 
while in lunar orbit were normal . The probe was returned for postflight 
analysi s . The docking anomaly is dis cuss e d  i n  detail in section 14 . 1 . 1 .  

7 .  2 ELECTRICAL POWER 

7 . 2 .1 Power Distributi on 

The elect rical power distribution system performed normally except 
for two dis crepancies . Prior to entry , when the bus-tie motor swit ches 
were operated to put the entry b atteries on the main bus s es , b attery C 
was not placed on main bus B .  This anomaly was di s covered by the data 
review after the flight . Postflight continuity checks revealed that the 
ci rcuit breaker tying b attery C to main bus B was i noperative . This 
anomaly is des cribed in s ection 14 . 1 . 7 .  

The s econd dis crepancy occurred during entry . Procedures call for 
main bus deactivation , at 800 fe et altitude , by opening the bus t i e  
motor switches . The crew report ed that operat i on o f  the proper switches 
did not remove power from the buses . The bus es were manually deactivated , 
after landing , by opening the in-line circuit breakers on Panel 275 ( a  
normal procedure ) .  Review of  dat a  indicated and postflight tests con­
firmed that the motor switch whi ch tied battery A to main bus A was in­
operative . Thi s  anomaly is des cribe d  in s ecti on 14 . 1 . 6 .  
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7 . 0 _ C O M M A N DA N D S E R V I C E M O D U L E P E R F O R M A N C E _

7 . 1 S T R U C T U R A LA N D M E C H A N I C A LS Y S T E M S

S t r u c t u r a l l o a d s o n t h e s p a c e c r a f t d u r i n g a l l p h a s e s o f t h e m i s s i o n

w e r e w i t h i n d e s i g n l i m i t s . T h e p r e d i c t e d a n d c a l c u l a t e d l o a d s a t l i f t "

o f f , i n t h e r e g i o n o f m a x i m u m d y n a m i c p r e s s u r e , a t t h e e n d o f f i r s t s t a g e
b o o s t , a n d d u r i n g s t a g i n g w e r e s i m i l a r t o t h o s e o f p r e v i o u s m i s s i o n s .

C o m m a n d m o d u l e a c c e l e r o m e t e r d a t a p r i o r t o S - I C c e n t e r e n g i n e c u t o f f i n -

d i c a t e a s u s t a i n e d 5 - h e r t z l o n g i t u d i n a l o s c i l l a t i o n w i t h a n a m p l i t u d e o f

0 . 1 7 g , w h i c h i s s i m i l a r t o t h a t m e a s u r e d d u r i n g p r e v i o u s f l i g h t s . O s c i l -

l a t i o n s d u r i n g t h e S - I I b o o s t p h a s e h a d a m a x i m u m m e a s u r e d a m p l i t u d e o f

l e s s t h a n o . o 6 g a t a f r e q u e n c y o f 9 h e r t z . T h e a m p l i t u d e s o f b o t h o s c i l -

l a t i o n s w e r e w i t h i n a c c e p t a b l e s t r u c t u r a l d e s i g n l i m i t s .

S i x a t t e m p t s w e r e r e q u i r e d t o d o c k t h e c o m m a n d a n d s e r v i c e m o d u l e

w i t h t h e l u n a r m o d u l e f o l l o w i n g t r a n s l u n a r i n j e c t i o n . T h e m e a s u r e d r a t e s

a n d i n d i c a t e d r e a c t i o n c o n t r o l s y s t e m t h r u s t e r a c t i v i t y d u r i n g t h e f i v e

u n s u c c e s s f u l d o c k i n g a t t e m p t s s h o w t h a t c a p t u r e s h o u l d h a v e o c c u r r e d e a c h

t i m e . T h e m e c h a n i s m w a s a c t u a t e d a n d i n s p e c t e d i n t h e c o m m a n d m o d u l e

f o l l o w i n g d o c k i n g . T h i s i n v e s t i g a t i o n i n d i c a t e d t h a t t h e p r o b e m e c h a n i c a l

c o m p o n e n t sw e r e f u n c t i o n i n g n o r m a l l y . S u b s e q u e n t u n d o c k i n g a n d d o c k i n g
w h i l e i n l u n a r o r b i t w e r e n o r m a l . T h e p r o b e w a s r e t u r n e d f o r p o s t f l i g h t
a n a l y s i s . T h e d o c k i n g a n o m a l y i s d i s c u s s e d i n d e t a i l i n s e c t i o n 1 h . 1 . 1 .

7 . 2 E L E C T R I C A L P O W E R

7 . 2 . 1 P o w e r D i s t r i b u t i o n

T h e e l e c t r i c a l p o w e r d i s t r i b u t i o n s y s t e m p e r f o r m e d n o r m a l l y e x c e p t
f o r t w o d i s c r e p a n c i e s . P r i o r t o e n t r y , w h e n t h e b u s - t i e m o t o r s w i t c h e s

w e r e o p e r a t e d t o p u t t h e e n t r y b a t t e r i e s o n t h e m a i n b u s s e s , b a t t e r y C

w a s n o t p l a c e d o n m a i n b u s B . T h i s a n o m a l y w a s d i s c o v e r e d b y t h e d a t a

r e v i e w a f t e r t h e f l i g h t . P o s t f l i g h t c o n t i n u i t y c h e c k s r e v e a l e d t h a t t h e

c i r c u i t b r e a k e r t y i n g b a t t e r y C t o m a i n b u s B w a s i n o p e r a t i v e . T h i s

a n o m a l y i s d e s c r i b e d i n s e c t i o n 1 h . 1 . 7 .

T h e s e c o n d d i s c r e p a n c y o c c u r r e d d u r i n g e n t r y . P r o c e d u r e s c a l l f o r

m a i n b u s d e a c t i v a t i o n , a t 8 0 0 f e e t a l t i t u d e , b y o p e n i n g t h e b u s t i e

m o t o r s w i t c h e s . T h e c r e w r e p o r t e d t h a t o p e r a t i o n o f t h e p r o p e r s w i t c h e s

d i d n o t r e m o v e p o w e r f r o m t h e b u s e s . T h e b u s e s w e r e m a n u a l l y d e a c t i v a t e d ,
a f t e r l a n d i n g , b y o p e n i n g t h e i n - l i n e c i r c u i t b r e a k e r s o n P a n e l 2 7 5 ( a
n o r m a l p r o c e d u r e ) . R e v i e w o f d a t a i n d i c a t e d a n d p o s t f l i g h t t e s t s c o n -

f i r m e d t h a t t h e m o t o r s w i t c h w h i c h t i e d b a t t e r y A t o m a i n b u s A w a s i n -

o p e r a t i v e . T h i s a n o m a l y i s d e s c r i b e d i n s e c t i o n 1 3 4. 1 . 6 .
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7 . 2 . 2  Fuel Cells 

The fuel cells were activat ed 48 hours prior to launch , conditioned 
for 4 h ours , and configured with fuel cell 2 on the line supplying a 
20-ampere load as required in  the countdown proce dure . Fuel cells 1 and 
3 remained on open ci rcuit unti l 5 hours prior to launch . At launch , 
fuel cell 1 was on main bus A with fuel cell 2 ,  and fue l cell 3 was on 
mai n bus B .  This configuration was maintained throughout the flight . 
Initially , the load vari ance was approximately 5 amperes , but it  s tabi­
li zed to 3 or 4 amperes e arly in the flight . This is normal and typi cal 
of other flights . 

All fuel cell parameters remained within normal operating limits 
and agreed with predi cted flight values . As expected,  the fuel cell 1 
condenser-exit temperature exhibited a peri odi c fluctuation about every 
6 minutes throughout the flight . This zero-gravity phenomenon was s �m�­
lar to that obs erved on all other flights and has no e ffect on fuel cell 
performance ( re f .  6 ) .  

The fuel cells supplied 435 kW-h of energy at an average current of  
2 3  amperes per fuel cell and a mean bus voltage of 29 volts duri ng the 
mis s i on . 

7 . 2 . 3  Batteries 

The command and s ervice module entry and pyrotechni c batteries per­
forme d normally . Entry b att eri es A and B were both charged once at the 
launch site and five times during flight with nominal charging perform­
ance . Load sharing and volt age delivery were s at i sfactory during each 
of the s ervi ce propulsion fi rings . The batteri es were es sentially fully 
charged at entry . 

7 .  3 CRYOGENI C STORAGE 

Cryogeni cs were s atis factorily supplied to  the fuel cells and to  
the envi ronmental control system throughout the mis sion .  The configura­
tion changes made as a result of the Apollo 13 oxygen t ank failure are 
des crib ed in appendix A .  A supplemental report giving detai ls of sys­
tem performance wi ll be issued at a later date ( appendix E ) . 

During preflight checkout of  the oxygen system , the single-seat 
check valve for tank 2 was found to have failed in the open pos ition and 
was replaced with an in-line double-seat valve . During flight , this 
valve allowed gas leakage into tank 2 from tank 3 .  The purpos e of this 
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7.2.2 Fuel Cel ls

The fuel cel ls w e r e act ivated M8 hours prior to launch, condi t ioned

for M hours, and configured with fue l ce l l 2 o n the l ine supplying a

20-ampere load a s required in the countdown procedure. Fuel cel ls l and

3 remained o n open circui t unt i l 5 hours prior to launch. At launch,
fue l ce l l l w a s o n main bus A with fue l ce l l 2, and fuel cel l 3 w a s o n

main bus B. This configuration w a s maintained throughout the f l ight.
Init ial ly, the load var iance w a s approximately 5 amperes, but i t s tabi-

l ized to 3 o r M amperes early in the f l ight. This is normal and typical
of other f l ights.

Al l fue l ce l l parameters remained with in normal operating l imi ts

and agreed with predicted f l ight values. As expected, the fuel cel l l

condenser-exi t temperature exhib i ted a periodic f luctuat ion about every
6 minutes throughout the f l ight. This zero-gravity phenomenon w a s simi-

lar to that observed o n al l o ther f l ights and has n o ef fect o n fue l ce l l

performance (ref. 6).

The fuel cel ls supplied M35 kW-h of energy at a n average current of

23 amperes per fue l ce l l and a mean bus voltage of 29 vol ts during the

mission.

7.2.3 Batter ies

The co mand and serv ice module entry and pyrotechnic batter ies per-
formed normally. Entry batter ies A and B w e r e both charged o n c e at the

launch si te and f ive t imes during fl ight with nominal charging perform-
a n c e . Load sharing and voltage delivery w e r e satisfactory during each

of the serv ice propulsion f ir ings. The batter ies w e r e essentially fully
charged at entry.

7.3 CRYOGENIC STORAGE

Cryogenics w e r e satisfactori ly supplied to the fuel cel ls and to

the environmental contro l system throughout the mission. The configura-
t ion changes made a s a resul t of the Apollo l3 oxygen tank fa i lure a r e

descr ibed in appendix A. A supplemental report giving detai ls of sys-
tem performance wil l be issued at a la ter date (appendix E).

During prefl ight checkout of the oxygen system, the single-seat
check valve for tank 2 w a s found to have fa i led in the open position and

w a s replaced with a n in- l ine double-seat valve. During f l ight, th is

valve al lowed gas leakage in to tank 2 from tank 3. The purpose of th is
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valve is primarily to isolate tank 2 from the remainder of the system 
should tank 2 fail. Thus, it was qualified at a reverse differential 
pressure of 60 psi d. Thi s i s  sign ificantly hig her than that normally 
experi enced duri ng a fli ght. Tests have b een conducted to characterize 
the nature of the check valve leak ag e  at low pressure differential and 
show t hat thi s  situati on is not detri mental to operati on under ab normal 
as well as normal condition s. 

Tw o flow tests on the ox yg en system were conducted duri ng fli ght. 
One was to demonstrate the capab ili ty of the s ystem to support addi ti onal 
flow require ments for extravehi cular acti vi ti es. The other was to deter­
mi ne the heater tempe rature whi le operati ng with the oxygen density less 
than 20 percent. The i ntent of these two tests was met and favorable 
results were obtained althoug h test procedures were modi fi ed b ecause of 
time constrai nts. The ox ygen system i s  capab le of supp ort i ng the anti c­
i pated requirements for Apollo 15 and subsequent missi ons. Th e low­
densi ty flow test i ndi cated that th e oxyg en system can provide requi red 
flow rates at low densi ti es and the data obtai ned provi des f or a more 
accurate as sessment of heater operati ng temperature. 

Consumable quantiti es in the cryogeni c storag e system are discussed 
in section 7 . 10 . 3 .  

7 . 4  COMMUNICATIONS EQUIPMENT 

The co mmuni cati ons system sati sf actori ly supp orted the mi ssion ex­
cept for the foll owi ng descri bed condi tions. 

The hig h-gain antenna failed to acquire and track properly at various 
times duri ng the mi ssion. The prob lems occurred during the acquisi ti on 
of signal rather th an after acqui siti on. In thi s regard, the probl em is 
different from those ex perienced during Apollo 12 and 13 where the hig h­
gai n  antenna lost lock or fai led to track after acqui si ti on. Thi s is 
di scussed in f urther detail in secti on 14 . 1 . 2 .  

From j ust prior to l un ar l ift-off t hroug h terminal ph as e  initi ati on, 
th e VHF system performance was marginal . Voi ce com munications were weak 
and noi sy , and th e VHF rangi ng performance was erratic and erroneous. 
Th e voi ce communi cati ons problem is not related to th e VHF problems ex­
peri enced on previous mi ssions wh ere they were determined to b e  proced­
ural errors. Swi tching antennas i n  th e comman d and servi ce modul e  and 
eli mi nati on of th e ranging signal di d not clear up th e problems . The 
pro blems are beli eved to have been caused by equipment malfuncti on, but 
the source has not been i solated to a part icular component of th e total 
system. S ection 14 . 1 . 4  contains a detai led discussi on of this anomaly. 
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valve is primarily to isolate tank 2 from the remainder of the system
should tank 2 fail. Thus, it was qualified at a reverse differential

pressure of 60 psid. This is significantly higher than that normally
experienced during a flight. Tests have been conducted to characterize

the nature of the check valve leakage at low pressure differential and

show that this situation is not detrimental to operation under abnormal

as well as normal conditions.

Two flow tests on the oxygen system were conducted during flight.
One was to demonstrate the capability of the system to support additional

flow requirements for extravehicular activities. The other was to deter-

mine the heater temperature while operating with the oxygen density less

than 20 percent. The intent of these two tests was met and favorable

results were obtained although test procedures were modified because of

time constraints. The oxygen system is capable of supporting the antic-

ipated requirements for Apollo 15 and subsequent missions. The low-

density flow test indicated that the oxygen system can provide required
flow rates at low densities and the data obtained provides for a more

accurate assessment of heater operating temperature.

Consumable quantities in the cryogenic storage system are discussed

in section T.10.3.

T.h COMMUNICATIONS EQUIPMENT

The communications system satisfactorily supported the mission ex-

cept for the following described conditions.

The high-gain antenna failed to acquire and track properly at various

times during the mission. The problems occurred during the acquisition
of signal rather than after acquisition. In this regard, the problem is

different from those experienced during Apollo 12 and 13 where the high-
gain antenna lost lock or failed to track after acquisition. This is

discussed in further detail in section 1h.1.2.

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

and noisy, and the VHF ranging performance was erratic and erroneous.

The voice communications problem is not related to the VHF problems ex-

perienced on previous missions where they were determined to be proced-
ural errors. Switching antennas in the command and service module and

elimination of the ranging signal did not clear up the problems. The

problems are believed to have been caused by equipment malfunction, but

the source has not been isolated to a particular component of the total

system. Section 1h.1.h contains a detailed discussion of this anomaly.
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7 . 5  INSTRUMENTATION 

The instrumentation system functioned normally throughout the mission 
exc ept for the los s  of the reaction control system quad B oxi dizer mani­
fold pressure measurement during separation of the command and servi ce 
module from the launch vehicle . The most probable caus e of the failure 
was a break of the s ignal or power leads initiated by the pyrotechnic 
shock ass ociated with the space craft/launch vehi cle adapter panel s epara­
tion . S ince this i s  the only fai lure of four measurements of this type 
on each of  eight flights , the pyrotechni c shock is  not cons idered a prob­
lem for normal elements of the instrumentat i on circui t .  Further , redun­
dant measurements are available to  permit determination of the required 
dat a .  Consequently , no corrective action is requi red .  

7 . 6 GUIDANCE , NAVIGATION , AND CONTROL 

Attitude control was nominal throughout the mi s s i on including all 
peri ods of pas s i ve thermal control , ci slunar navigat i on ,  as well as 
photography and landmark tracking from lunar orbit .  The stability of 
the inertial measurement unit error parameters was excellent . The only 
anomaly in the guidance , navigation and control systems was failure of 
the entry monitor system 0 . 05g light to illuminate . This is dis cus s ed 
in s ection 14 . 1 . 5 .  

Be caus e o f  inclement weather,  the lift- off was delayed for the first 
time in the Apollo progr am .  Thi s requi red the flight azimuth to be changed 
from 72 degrees to 75 . 56 degrees and the platform to be realigned accord­
ingly . A comparis on of command and s e rvi ce module and S-IVB navigation 
data indicated s atis factory performance duri ng the launch ph as e .  Ins er­
tion errors were plus 7 . 02 ,  plus 6 1 . 02 , and minus 7 . 50 ft /sec in the X ,  
Y ,  and Z axes , respe ctively . These  errors were comparable t o  those ob­
s erved on other Apollo launches . The only signifi cant error was in the 
Y-axis velocity caus ed by a prelaunch azimuth alignment error of 0 . 14 de­
gree due to one-sigma gyrocompas sing inaccuraci es . Table 7-I is  a sum­
mary of preflight inertial measurement unit error parameters after its 
installat ion in the command module . An update to the inert i al parameters 
was performed at approximately 29 hours . The three accelerometer bias es 
were updated to minus 0 . 32 ,  plus 0 . 12 and minus 0 . 13 cm/s ec2 , and the 
X-gyro null bias drift was updated to plus 0 . 4  meru ( milli earth-rate 
units ) .  

The first plat form realignment was performed after ins ert ion and 
agreed with the predi ct ed alignment errors due to prelaunch azimuth 
errors . Table 7-II i s  a summary of signi ficant parameters during each 
of the plat form realignments . 
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T.5 INSTRUMENTATION

The instrumentation system functioned normally throughout the mission

except for the loss of the reaction control system quad B oxidizer mani-

fold pressure measurement during separation of the com and and service

module from the launch vehicle. The most probable cause of the failure

was a break of the signal or power leads initiated by the pyrotechnic
shock associated with the spacecraft/launch vehicle adapter panel separa-

tion. Since this is the only failure of four measurements of this type
on each of eight flights, the pyrotechnic shock is not considered a prob-
lem for normal elements of the instrumentation circuit. Further, redun-

dant measurements are available to permit determination of the required
data. Consequently, no corrective action is required.

7.6 GUIDANCE, NAVIGATION, AND CONTROL

Attitude control was nominal throughout the mission including all

periods of passive thermal control, cislunar navigation, as well as

photography and landmark tracking from lunar orbit. The stability of

the inertial measurement unit error parameters was excellent. The only
anomaly in the guidance, navigation and control systems was failure of

the entry monitor system 0.05g light to illuminate. This is discussed

in section lM.l.5.

Because of inclement weather, the lift-off was delayed for the first

time in the Apollo program. This required the flight azimuth to be changed
from T2 degrees to 75.56 degrees and the platform to be realigned accord-

ingly. A comparison of command and service module and S-IVB navigation
data indicated satisfactory performance during the launch phase. Inser-

tion errors were plus 7.02, plus 61.02, and minus 7.50 ft/sec in the X,
Y, and Z axes, respectively. These errors were comparable to those ob-

served on other Apollo launches. The only significant error was in the

Y-axis velocity caused by a prelaunch azimuth alignment error of 0.lh de-

gree due to one-sigma gyrocompassing inaccuracies. Table T-I is a sum-

mary of preflight inertial measurement unit error parameters after its

installation in the co mand module. An update to the inertial parameters
was performed at approximately 29 hours. The three accelerometer biases

were updated to minus 0.32, plus 0.l2 and minus 0.13 cm/sec2, and the

X-gyro null bias drift was updated to plus 0.h meru (milli earth-rate

units).

The first platform realignment was performed after insertion and

agreed with the predicted alignment errors due to prelaunch azimuth

errors. Table T-II is a summary of significant parameters during each

of the platform realignments.
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TABLE T-I.- INERTIAL COMPONENT PREFLIGHT HISTORY - COMMAND MODULE 

Sample StWlda.rd No . or Countdovn Flight Inflight 
Error 

mean deviation samples value load performance 

Accelerometers 

X - Scale factor error , ppm -444 58 8 - 500 -370 -

Bias , c:m./sec 
2 

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

y - S c ale factor erro r ,  ppm -441 49 8 -505 -500 -

Bias , em/sec 
2 

0 . 0 5  0 . 0 7  8 0 . 13 0 .0 4  0 . 09 

z - Scale f"actor error , ppm -278 49 8 -320 - 310 -

B i as , cm/sec 
2 

-0 . 29  0 . 0 7  8 -0 . 1 8 -0 . 29 -0 . 18 

Gyroscopes 

X - Null b i as drift , meru 0 .9 0 . 6 8 1 . 8  2 . 5 
8

0 . 0  

Accelerat i on drift , spi n reference 
axis , meru/g 3 . 0  2 . 0  8 4 . 9  1 . 0  -

Accele rat i on dri rt , input 
axis , meru/g 1 . 7  1 . 5  8 - 1 . 6  0 . 0  -

y - Null b i as dri rt , meru -3 . 4  0 . 8  8 -4 . 2  - 3 . 4  1 . 7  

Acceleration dri rt , spi n reference 
a.xis , meru/g 3 . 2  1 . 5  8 3 . 8  3 . 0  -

Accelerat ion drif't , input 
a.xi s • meru/g -9 . 9  4 .  5 16 -9 . 7  - 5 . 0 -

z - Null b i as drift , meru 1 . 6  0 . 9  8 2 . 5  1 . 6 o . o  
Acceleration dri ft , spin reference 

a.xi s • meru/g - 3 . 1 1 . 0  8 - 2 . 4 - 3 . 9  -

Accelerat ion dri rt , i nput 
a.xis , meru/g 4 3 . 8  6 . 4  8 54 . 1  40 .0 -

�n flight performance average b e fore update W'as m i nus 2 . 0 .  

Spacecraft dynami cs during separation from the S-IVB were very small. 
Space craft dynami cs during each docking attempt were small and comparable 
to those seen on previous Apollo missions. Figure 1-1 is a time hi story 
of signi ficant control system parameters during each docking attempt. 

Performance during each of  the seven service propulsion system ma­
neuvers was nominal. Trimming of residual velocity errors was performed 
only after the circul ari zation and transe arth injection maneuvers. 
Table I-III is a summary of s ignificant control system parameters for 
ea ch of the maneuvers. The second midcourse correction was accomplished 
with a minimum-impulse service propulsion system maneuver in order to 
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TABLE T-I.- INERTIAL COM ONENT PREFLIGHT HISTORY - COMMAND MODULE

Error

X - Scale factor error, ppm . .

Bias, cm/sec?_ . _ .

Y - Scale factor error, ppm . .

Bias, cm/sec?_ _ _ .

Z - Scale factor error, ppm _ .

Bias, cm/sec?. _ _ . .

X - Null bias drift, meru . _ . . .

Acceleration drift, spin reference

axis, meru/5 . . . , . . _ _ .

Acceleration drift, input
axis , meru/g ......

Y - Hull bias drift, meru ~ ---- »

Acceleration drift, spin reference

axis , meru/5 ...... _

Acceleration drift, input
axis, meru/S - - - - -

Z - Null bias drift, meru .......

Acceleration drift, spin reference

axis, meru/g . _ _ _ _ _ _ _ .

Acceleration drift, input
axis, meru/5 . . _ . . .

alnflight performance average before update

Spacecraft dynamics during
Spacecraft dynamics during each

Sample
mean

_hhh

-0.23

-hhl

0.05

-278

-0.29

0.9

3.0

1.7

-3.b

3.2

-9.9

1.

-3.

Inflight
performance

,_1_i..1.i...»__-Q

Standard No. of Countdown Flight
deviation samples value load

Accelerometers

53 500 -370

0.13 -0.31 -0.23

b9 505 -500

0.07 0.13 o.oL

h9 320 310

0.0T -0.18 0.29

Gyroscopes

- 0.6

2.0

l.5

0.8

1.5

h.5

was minus 2.0

1.8

h.9

1.6

I-.2

3.8

9.7

2.5

1.0

0.0

3.h

3.0

5.0

-0.3b

0.09

-0.l8

þÿ ��m�o

1.7

6 0.9 8 2.5 1.6 0.0

1 ro a -ah -L9

h3.8 6.u 8 su.1 uo.o

separation from the S-IVB were very small

docking attempt were small and comparable
to those seen on previous Apollo missions. Figure T-l is a time history
of significant control system parameters during each docking attempt.

Performance during each of the seven service propulsion system ma-

neuvers was nominal. Trimming of residual velocity errors was performed
only after the circularization and transearth injection maneuvers.

Table T-III is a summary of significant control system parameters for

each of the maneuvers. The second midcourse correction was accomplished
with a minimum-impulse service propulsion system maneuver in order to



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

TABLE 7-II . - COfoMAND AND SERVICE MODULE PLATFDRM ALIGNMENT SLMMARY 

Gyro torquing angle , 
Star angle Gyro dri ft ,  meru Time , Program 

Star used 
deg 

difference , Colml.ents 
hr :min opt i oo •  

X y z 
deg 

X y z 

oo , 58 3 22 Regulus , 24 GienBh 0 . 085 0 . 010 0 . 166 0 . 00 Launch or� entation 
6 , 40 3 11 Reger , 14 Canopus 0 .127 -o . o6o -0 .011 o . oo - 1 . 4 +0 . 1  -0 .1  Launch ori entation 

14 , 1 3  3 31 Arcturus , 35 Rasal.h88Ue 0 . 271 -0.127 -0 .036 0 . 01 - 2 . 5  1 . 2  -0 . 3  Passive thermal control orientat i on  
29 , 20 3 20 Inoces , 23 Denebola 0 . 449 -0 . 1 'J)  0 . 082 0 . 0 1  - 2 . 0  0 . 6  o . 4  Passive thermal control ori entation 
40 ' ll 3 1 Alpherat z ,  4o Altair -0 .039 -0 . 221 0 .046 o . oo 0 . 2  1 . 4  0 . 3  Pas s i ve thermal control orientation 
5 3 ,11 3 20 Inoces , 23 O.:nebola 0 .006 -0.129 0 . 052 0 . 00 -0 . 0  0 . 1  0 . 3  Passive thermal control orientation 
59 , 41 3 13 Capella, 3 Navi -0 . 073 -0 . 093 0 . 0 33 o . oo 0 . 8  1 . 1  0 . 4  Passive thermal control ori entati Cll 
76 , 52 3 23 Denebol a ,  32 Alphecca 0 . 056 -0 . 262 0 . 038 0 . 00 -0 . 2  1 .0 0 . 1  Passive thermal control orientation 
79 , 39 3 21 Al..kaid .  35 Rasalhague -0 .001 -0 .045 0 .010 o .oo 0 . 2  1 . 1  0 . 2  Passive thermal control ori entati Cll 
84 , 09  3 30 Menkent , 35 Rasalhague 0 .001 -0 .055 0 .002 0 . 01 -0 . 2  1 . 2  -0 . 5  Landing site orientation 
86 , 10 3 16 Procyon , 17 Reger -0 .050 -0 .010 -0.045 0 . 01 1 . 7  2 . 3  -1 . 5  Landing site ori entation 
88,05 3 16 Procyoo , 20 Dnoces -0 .031 0 .002 0 . 027 0 .01 1. . 1  0 .1 0 .9 Landing site orientation 

101 , 24 3 17 Rege r ,  30 Menk.ent 0 .013 -0 . 229 0 . 000 o . oo -0 . 4  1 . 1  o . o  Landing s ite orientation 
105 ' 09  3 40 Altai r ,  42 Peacock 0 . 0 30 -0. 038 0 . 028 0 .01 - 0 . 6  0 . 1  0 . 2  Landing site orientation 
109 ,12 3 34 Atria, 37 Hunk! -0 .012 -0 .043 0 .003 0 . 01 0 . 2  0 . 1  o . o  Landing site orientat i on 
1.17 ,08 3 22 Regulus , 27 Al.Jcai.d 0 . 021 -0 .105 0 .055 0 . 02 -0 . 2  0 . 9  0 . 5  Landing site orientation 
119,27 3 12 Rige l ,  21 Alphs.rd -0 . 027 -0 . 065 0 . 018 0 . 00  1 . 3  1 . 9  0 . 5  Launch orientation 
131 , 19 3 10 Mirfak , 12 Rigel -0 . 036 -0 . 1 5 7  0 . 091 0 . 01 0 . 3  1 . 2  0 . 1 Launch orientation 
1 3 7 , 1 8  3 6 Aca.mar , 14 Canopus -0.002 -0.166 -0.005 0 . 00 0 . 0  1 . 8  -0 . 1  Launch orientation 
140 , 5 3  3 31 Arcturus , 30 Menkent. 0 .079 - 0 . 006 -0.001 0 . 00 - 1 . 3  0 . 1  -0 . 0  Launch orientation 
146 , 58 3 24 Gienah , 31 Arcturus 0 . 018 -0 . 091 0 . 050 o . oo -0 . 2  1 . 0  0 . 5  Launch orientation 
1 50 '  l 1  3 4 Achemar , 34 Atria 0 .037 -0 . 106 -0 .04 3 0 . 01 -0 . 1  2 . 1  0 .9 Transearth injection orientation 
163 , 49 3 11 Aldebaran , 16 Procyon 0 .046 -0 .174 0 . 017 o . oo - 0 . 2  0 . 8  0 . 1  Passive thennal control orientation 
186 ' 34 3 25 A crux , 42 Peacock 0 .040 -0 . 460 0 . 076 0 . 00 -0 . 1  1 . 3  0 . 1  Passive thennal control orientation 
192 , 14 3 41 Dabih ,  34 Atria -0 .038 -0 .104 -0 .003 0 .01 0 . 1  1 . 2  o . o Passive thennal control orientat i on  
196 , 5 8  3 17 Reger , 40 -Alte.ir -0 . 009 -0 .109 0 . 038 0 . 01 0 . 1  1 . 5  0 . 5  Passive thennal control orientation 
208,11 3 25 Acn.u.: ,  33 Antares 0 . 071 -0 .161 0 . 026 0 . 01 - 0 . 4  1 . 0  0 . 2  Passive thennal cont rol orientation 
212 , 59 3 16 Procyon , 23 Denebola -0.049 -0.010 0 . 014 0 .01 0 . 1  0 . 1  0 . 2  Passive thennal control orientat i an  
213 ' 11 1 23 Denebola, 16 Procyoo. 0 . 021 0 . 002 -0. 036 0 . 0 1  - 1 . 0  - 1 . 0  -1 . 6  Entry ori entation 
21 4 , 39 3 30 Menkent, 37 Nunk! 0 . 039 -0.040 -0 . 069 0 . 00 - 1 . 8  1 . 8  - 3 . 2  Entry orientation 

*1 - Preferred; 2 - Nominal ; 3 - REFSM-IAT ; 4 - Landing s i te .  
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T A B L E 7 - I I . - D O I H A N DA N D S E R V I C E M O D U L EP L A T F O R MA L I G I I M E N TS I H M A R Y
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G y m w r q u i n g þ ÿ � a � n � g � l � e  �S t a r a n g l e G r o d r i f t , m e r u
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y

C o m e n t s
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X Y Z X Y Z

0 0 : 5 8 3 2 2 R e g u l u s , 2 1 1G i e n a h 0 . 0 8 5 0 . 0 1 0 0 . 1 6 6 0 . 0 0

L
L a u n c h o r i e n t a t i o n

6 2 1 1 0 3 1 7 R e g o r , 1 1 1C a n o p u s 0 . 1 2 7 - 0 . 0 6 0 - 0 . 0 1 1 0 . 0 0 - 1 . * 0 . 7 - 0 . 1 L a u n c h o r i e n t a t i o n

1 1 1 : 1 3 3 3 1 A r c t u r u s . 3 5 R a s n l h a g u e 0 . 2 7 1 - 0 . 1 2 7 - 0 . 0 3 6 0 . 0 1 - 2 . 5 1 . 2 - 0 . 3 P a s s i v e t h e m a l c o n t r o l o r i e n t a t i c n

2 9 : 2 0 3 2 0 I h o c e s , 2 3 D e n e b o l a 0 . 1 1 1 1 9 - 0 . 1 3 ) 0 . 0 8 2 0 . 0 1 - 2 . 0 0 . 6 0 . 1 1 P a . - : s i v et h e m a l c o n t r o l o r i e n t a t i o n

1 1 0 : 1 1 3 1 A l p h e r a t z , 1 1 0A l t a i r - 0 . 0 3 9 - 0 . 2 2 1 0 . 0 1 1 6 0 . 0 0 0 . 2 1 . 1 1 0 . 3 P a s s i v e t h e m a l c o n t r o l o r i e n t a t i o n

5 3 : 1 1 3 2 0 I h o c e a , 2 3 D e n e b o l a 0 . 0 0 6 - 0 . 1 2 9 0 . 0 5 2 0 . 0 0 - 0 . 0 0 . 7 0 . 3 P a s s i v e t h e m a l c o n t r o l o r i e n t a t i o n

5 9 : 1 1 1 3 1 3 C a p e l l a , 3 l l a v i - 0 . 0 1 3 - 0 . 0 9 3 0 . 0 3 3 0 . 0 0 0 . 8 1 . 1 0 . 1 1 P a s s i v e t h e m a l c o n t r o l o r i e n t a t i m

7 6 : 5 2 3 2 3 D e n e b o l a , 3 2 A l p h e c c a o . o 5 6 - 0 . 2 6 2 0 . 0 3 8 0 . 0 0 - 0 . 2 1 . 0 0 . 1 P a s s i v e t h e r m a l c o n t r o l o r i e n t a t i o n

7 9 : 3 9 3 2 7 A l k a i d , 3 5 R a a a l h a g u e - 0 . 0 0 7 - 0 . 0 1 1 5 0 . 0 1 0 0 . 0 0 0 . 2 1 . 1 0 . 2 P a s s i v e t h e r m a l c o n t r o l o r i e n t a t i m

8 1 1 : 0 9 3 3 0 M e n k e n t ,3 5 R a s a l h a g u e 0 . 0 0 1 - 0 . 0 5 5 0 . 0 0 2 0 . 0 1 - 0 . 2 1 . 2 - 0 . 5 L a n d i n g s i t e o r i e n t a t i o n

8 6 : 1 0 3 1 6 P r o c y o n , 1 7 R e g o r - 0 . 0 5 0 - 0 . 0 7 0 - 0 . 0 1 1 5 0 . 0 1 1 . 7 2 . 3 - 1 . 5 L a n d i n gs i t e o r i e n t a t i o n

8 8 : 0 5 3 1 6 P r o c y m , 2 0 I h o c e s - 0 . 0 3 1 0 . 0 0 2 0 . 0 2 7 0 . 0 1 J . . 1 0 . 1 0 . 9 L a n d i n g s i t e o r i e n t a t i o n

1 0 1 : 2 1 1 3 1 7 R e g o r , 3 0 H e n k e n t 0 . 0 7 3 - 0 . 2 2 9 0 . 0 0 0 0 . 0 0 - 0 . 1 1 1 . 1 0 . 0 L a n d i n gs i t e o r i e n t a t i o n

1 0 5 : 0 9 3 1 1 0A l t a i r , 1 1 2P e a c o c k 0 . 0 3 0 - 0 . 0 3 8 0 . 0 2 8 0 . 0 1 - 0 . 6 0 . 7 0 . 2 L a n d i n gs i t e o r i e n t a t i o n

1 0 9 : 1 2 3 3 1 1A t r i a , 3 7 H u n k i - 0 . 0 1 2 - 0 . 0 1 1 3 0 . 0 0 3 0 . 0 1 0 . 2 0 . 7 0 . 0 L a n d i n gs i t e o r i e n t a t i o n

1 1 7 : 0 8 3 2 2 R e g u l u B ,2 7 A l k a i d 0 . 0 2 1 - 0 . 1 0 5 0 . 0 5 5 0 . 0 2 - 0 . 2 0 . 9 0 . 5 l a n d i n g s i t e o r i e n t a t i o n

1 1 9 : 2 7 3 1 2 R i g e l , 2 1 A l p h a . : - d - 0 . 0 2 7 - 0 . 0 6 5 0 . 0 1 8 0 . 0 0 1 . 3 1 . 9 0 . 5 L a u n c h o r i e n t a t i o n

1 3 1 : 1 9 3 1 0 M i r f a k , 1 2 R i g e l - 0 . 0 3 6 - 0 . 1 5 7 0 . 0 9 1 0 . 0 1 0 . 3 1 . 2 0 . 7 L a u n c h o r i e n t a t i o n

1 3 7 : 1 8 3 6 A c a m a r , 1 1 1C a n o p u s - 0 . 0 0 2 - 0 . 1 6 6 - 0 . 0 0 5 0 . 0 0 0 . 0 1 . 8 - 0 . 1 L a u n c h o r i e n t a t i o n

1 1 1 0 2 5 3 3 3 1 A r c t u r u s , 3 0 M e n k e n t 0 . 0 7 9 - 0 . 0 0 6 - 0 . 0 0 1 0 . 0 0 - 1 . 3 0 . 1 - 0 . 0 L a u n c h o r i e n t a t i o n

l 1 1 6 : 5 8 3 2 1 1G i e n a h , 3 1 A r c t u r u s 0 . 0 1 8 - 0 . 0 9 1 0 . 0 5 0 0 . 0 0 - 0 . 2 1 . 0 0 . 5 L a u n c h o r i e n t a t i o n

1 5 0 : 1 7 3 1 1A c h e r n a r , 3 1 1A t r i a 0 . 0 3 7 - 0 . 1 0 6 - 0 . 0 1 1 3 0 . 0 1 - 0 . 7 2 . 1 0 . 9 T r a n s e a r t h i n j e c t i o n o r i e n t a t i o n

1 6 3 : 1 1 9 3 1 1 A l d e b a r a n ,1 6 P r o c y o n 0 . 0 1 1 6 - 0 . 1 7 1 1 0 . 0 1 7 0 . 0 0 - 0 . 2 0 . 8 0 . 1 P a s s i v e t h e r m a l c o n t r o l o r i e n t a t i o n

1 B 6 : 3 1 1 3 2 5 A c r u x , 1 1 2P e a c o c k 0 . 0 1 1 0 - 0 . 1 1 6 0 0 . 0 7 6 0 . 0 0 - 0 . 1 1 . 3 0 . 1 P a s s i v e t h e r m a l c o n t r o l o r i e n t a t i o n

1 9 2 : 1 1 1 3 1 1 1D a b i h , 3 1 1A t r i a - 0 . 0 3 8 - 0 . 1 0 1 1 - 0 . 0 0 3 0 . 0 1 0 . 1 1 . 2 0 . 0 P a s s i v e t h e m a l c o n t r o l o r i e n t a t i o n
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Landmark DE-2 was not tracked s atis factorily . The high sun angle 
at the t ime of tracking prevented acquisition of the landmark . Another 
landmark in the area of DE-2 was t racked and ident i fied from the 1 6 -mm 
phot ographs . All of the other landmarks were t racked quite eas i ly .  
With the exception of DE-2 , all of the graph ics for the landmark t argets 
were very s atisfactory . 

The lunar module , on the s urface , was t racked on revolution 17 . 
The sun reflecting from the lunar module as well as the long shadow of 
the lunar module made i dentifi cat i on positive . Acqui s it i on of the lunar 
module was accomplished by us ing the s ite map in the lunar graphics book 
and i dentification of surface features in the landing area .  Als o ,  on 
revolution 29 , between s cheduled landmarks , the lunar module was again 
acquired by manual opt i cs . At th at time , the sun could be seen refle ct­
ing off the Apollo lunar surface experiment package stat i on . 

9 . 12 . 3  Bootstrap Photography 

The lunar topographic  camera was us ed on revolution 4 to obtain 
pi ctures of the proposed Des cartes landing s ite from the low orbit . Ap­
proximately one-third of the way into the photography pas s , a loud noi s e  
developed i n  the camera.  The camera counter continued to  count and the 
photography pass was completed .  One enti re magazine was exposed.  Sub­
sequent troubleshooting established that the shutter was not operating 
properly ( section 14 . 3 . 1 ) .  The only other pi ctures t aken with the lunar 
topograph ic camera were of the lunar module landing on the surface . 

The flight plan was changed s o  that three photography pas ses on the 
Des cartes s ite were made using the 500-mm lens on the 70-mm Hasselblad 
camera mounted on a bracket in window 4 ( fig .  9-2 ) .  The Des cartes s ite 
was tracked manually with the crew optical alignment sight and the camera 
manually operated to expose a frame every 5 seconds . The ground suppli ed 
inerti al angles and times to start the camera and the spacecraft maneuver .  
The spacecraft was maneuvered in mi nimum impulse t o  keep the crew optical 
alignment sight on the t arget . Thes e s ame procedures were als o us ed on 
revolution 34 to phot ograph the area near Lansburg B where the Apollo 13 
S-IVB impacted.  

A vertical stereo strip was obt ained on revolut ion 26 us ing the 
70-mm Hasselblad and 80-mm lens . This vert i cal stereo strip encompas sed 
almost the entire ground track from terminat or to terminator.  A crew 
opti cal alignment sight maneuver was accomplished at the end of the strip 
for camera calibrat i on .  

7 - l l
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7 - 7 R E A C T I O N C O N T R O L S Y S T E M  

7 . 7 . l S e r v i c e M o d u l e

P e r f o r m a n c e o f t h e s e r v i c e m o d u l e r e a c t i o n c o n t r o l w a s n o r m a l

t h r o u g h o u t t h e m i s s i o n . A l l t e l e m e t r y p a r a m e t e r s s t a y e d w i t h i n n o m i n a l

l i m i t s t h r o u g h o u t t h e m i s s i o n w i t h t h e e x c e p t i o n o f t h e q u a d B o x i d i z e r

m a n i f o l d p r e s s u r e . T h i s m e a s u r e m e n t w a s l o s t w h e n t h e c o m m a n d a n d

s e r v i c e m o d u l e s e p a r a t e d f r o m t h e S - I V B . T h e q u a d B h e l i u m a n d f u e l

m a n i f o l d p r e s s u r e s w e r e u s e d t o v e r i f y p r o p e r s y s t e m o p e r a t i o n . T o t a l

p r o p e l l a n t c o n s u  p t i o n f o r t h e m i s s i o n w a s 1 0 2 p o u n d s l e s s t h a n p r e d i c t e d
h o w e v e r , p r o p e l l a n t c o n s u  p t i o n d u r i n g t r a n s p o s i t i o n , d o c k i n g a n d e x t r a c -

t i o n w a s a b o u t 6 0 p o u n d s m o r e t h a n p l a n n e d b e c a u s e o f t h e a d d i t i o n a l m a -

n e u v e r i n g a s s o c i a t e d w i t h t h e d o c k i n g d i f f i c u l t i e s . T h e p r o p e l l a n t m a r -

g i n d e f i c i e n c y w a s r e c o v e r e d p r i o r t o l u n a r o r b i t i n s e r t i o n , a n d n o m i n a l

m a r g i n s e x i s t e d d u r i n g t h e r e m a i n d e r o f t h e m i s s i o n . C o n s u m a b l e s i n f o r -

m a t i o n i s c o n t a i n e d i n s e c t i o n 7 . l 0 . 2 .

7 . 7 . 2 C o m  a n d M o d u l e

T h e c o m m a n d m o d u l e r e a c t i o n c o n t r o l s y s t e m s p e r f o r m e d s a t i s f a c t o r i l y
B o t h s y s t e m s l a n d 2 w e r e a c t i v a t e d d u r i n g t h e c o m  a n d m o d u l e / s e r v i c e
m o d u l e s e p a r a t i o n s e q u e n c e . S h o r t l y a f t e r s e p a r a t i o n , s y s t e m 2 w a s d i s -

a b l e d a n d s y s t e m l w a s u s e d f o r t h e r e m a i n d e r o f e n t r y . A l l t e l e m e t r y
d a t a i n d i c a t e d n o m i n a l s y s t e m p e r f o r m a n c e t h r o u g h o u t t h e m i s s i o n . C o n -

s u m a b l e s i n f o r m a t i o n i s c o n t a i n e d i n s e c t i o n 7 . l 0 . 2 .
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servi ce modules . Consequently , the Commander proceeded with the pre­
docking maneuver cons isting of a 90-degree pitch down and right yaw to  
bring the lunar module docking target into  the Command Module Pilot ' s  
field of view . At this point in the mis s i on ,  the abort guidance dis ­
plays were blank and the flight director attitude indi cator , driven by 
the abort guidance system , was still indicating 150 degrees pitch and 
zero yaw .  Efforts t o  restore the abort guidance system t o  ope ration 
were unsuccess ful ( section 14 . 2 . 5 ) .  Docking with the command and servi ce 
module active was completed unevent fully , despite earlier concern ab out 
the docking mechanism.  

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

9 . 12 COMMAND AND SERVICE MODULE LUNAR ORBIT ACTIVITIES 

9 . 12 . 1  Circulari zation and Plane Change Maneuvers 

Two service propuls ion system firings were made during the command 
and servi ce module solo phas e .  The circulari z ation maneuver ,  whi ch placed 
the command and servi ce module in approximately a 60-nauti cal-mi le cir­
cular orbit , was a 4-s econd firing performed after s eparating from the 
lunar module . The maneuver was controlled by the guidance and control 
system and resulted in a 2 . 0  ft /sec overspeed , which was trimmed t o  
1 . 0  ft/sec . Subsequent to this maneuver ,  a change t o  the constants in 
the command module computer short firing logi c was uplinked by the Mis ­
sion Control Center.  The plane change maneuver was nominal with an 18-
second firing controlled by the guidance and control system . 

9 . 12 . 2  Landmark Tracking 

All tracking , with the exception of the lunar module on revolution 
17 , was done using the teles cope with the 16-�m data acquis iti on camera 
mounted on the s extant . Fourteen landmarks were tracked by the command 
and service module , two of these near perigee while in the 60- by 8-
nautical-mile orbit . The low-altitude landmark tracking was accomplished 
with no s igni ficant di ffi culti es . Acquisition of the target was no prob­
lem and the manual optics  drive provi ded constant tracking of the land­
mark through nadi r .  

T - l 2

7 . 8 S E R V I C E P R O P U L S I O N S Y S T E M

S e r v i c e p r o p u l s i o n s y s t e m p e r f o r m a n c e w a s s a t i s f a c t o r y b a s e d o n t h e

s t e a d y - s t a t e p e r f o r m a n c e d u r i n g a l l f i r i n g s . T h e s t e a d y - s t a t e p r e s s u r e

d a t a , g a g i n g s y s t e m d a t a , a n d v e l o c i t i e s g a i n e d i n d i c a t e d e s s e n t i a l l y
n o m i n a l p e r f o r m a n c e . T h e e n g i n e t r a n s i e n t p e r f o r m a n c e d u r i n g a l l s t a r t s

a n d s h u t d o w n s w a s s a t i s f a c t o r y . N o t h i n g i n t h e f l i g h t d a t a o r p o s t f l i g h t
a n a l y s i s i n d i c a t e d c o m b u s t i o n i n s t a b i l i t y o r t h e c a u s e o f t h e s l i g h t h u m

o r b u z z i n g n o i s e r e p o r t e d b y t h e p i l o t ( r e f . 9 . l 3 ) .

T h e p r o p e l l a n t u t i l i z a t i o n a n d g a g i n g s y s t e m p r o v i d e d n e a r - i d e a l

p r o p e l l a n t u t i l i z a t i o n . T h e u n b a l a n c e a t t h e e n d o f t h e t r a n s e a r t h i n -

j e c t i o n f i r i n g w a s r e p o r t e d b y t h e c r e w t o b e h o l b m , d e c r e a s e , w h i c h

a g r e e s w e l l w i t h t e l e m e t r y v a l u e s .

D u r i n g t h e A p o l l o 9 , l O , l l , a n d l 2 m i s s i o n s , t h e s e r v i c e p r o p u l s i o n
s y s t e m m i x t u r e r a t i o w a s l e s s t h a n e x p e c t e d , b a s e d o n s t a t i c f i r i n g d a t a .

T h e p r e d i c t e d f l i g h t m i x t u r e r a t i o f o r t h i s m i s s i o n w a s b a s e d o n p r e v i o u s
f l i g h t d a t a t o m o r e c l o s e l y s i m u l a t e t h e e x p e c t e d m i x t u r e r a t i o . T o

a c h i e v e t h e p r e d i c t e d m i x t u r e r a t i o a t t h e e n d o f t h e m i s s i o n , t h e m a j o r -
i t y o f t h e m i s s i o n w o u l d h a v e t o b e f l o w n w i t h t h e p r o p e l l a n t u t i l i z a t i o n

v a l v e i n t h e i n c r e a s e p o s i t i o n . C o n s e q u e n t l y , t h e p r o p e l l a n t u t i l i z a t i o n

v a l v e w a s i n t h e i n c r e a s e p o s i t i o n a t l a u n c h .

F i g u r e T - 2 s h o w s t h e v a r i a n c e i n f u e l a n d o x i d i z e r r e m a i n i n g a t

a n y i n s t a n t d u r i n g t h e l u n a r o r b i t i n s e r t i o n a n d t r a n s e a r t h i n j e c t i o n
f i r i n g s , a s c o m p u t e d f r o m t h e t e l e m e t r y d a t a , a n d t h e p r o p e l l a n t u t i l i z a -

t i o n v a l v e m o v e m e n t s m a d e b y t h e c r e w . T h e p r e f l i g h t e x p e c t e d v a l u e s

a n d p r o p e l l a n t u t i l i z a t i o n m o v e m e n t s a r e a l s o s h o w n . T h e s e r v i c e p r o -

p u l s i o n s y s t e m p r o p e l l a n t u s a g e f o r t h e m i s s i o n i s d i s c u s s e d i n s e c -

t i o n T . l O . l .

Y . 9 E N V I R O N M E N T A L C O N T R O L A N D C R E W S T A T I O N

T h e e n v i r o n m e n t a l c o n t r o l s y s t e m p e r f o n n e d s a t i s f a c t o r i l y a n d p r o -
v i d e d a c o m f o r t a b l e e n v i r o n m e n t f o r t h e c r e w a n d a d e q u a t e t h e r m a l c o n t r o l

o f t h e s p a c e c r a f t e q u i p m e n t . T h e c r e w s t a t i o n e q u i p m e n t a l s o s a t i s f a c -

t o r i l y s u p p o r t e d t h e f l i g h t .

T h e e n v i r o n m e n t a l c o n t r o l s y s t e m w a s u s e d i n c o n j u n c t i o n w i t h t h e

c r y o g e n i c o x y g e n s y s t e m t o d e m o n s t r a t e t h e c a p a b i l i t y o f p r o v i d i n g o x y g e n

a t h i g h f l o w r a t e s s u c h a s t h o s e t h a t w i l l b e r e q u i r e d d u r i n g e x t r a v e -

h i c u l a r o p e r a t i o n s o n f u t u r e m i s s i o n s . A m o d i f i e d h a t c h o v e r b o a r d d u m p
n o z z l e w i t h a c a l i b r a t e d o r i f i c e w a s u s e d t o o b t a i n t h e d e s i r e d f l o w r a t e

T h e e m e r g e n c y c a b i n p r e s s u r e r e g u l a t o r m a i n t a i n e d t h e c a b i n p r e s s u r e a t
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9 . 11 . 1  Rende zvous 

Following the adj ustment firing , a manual maneuver was made to the 
tracking attitude and rendezvous navigat i on procedures were initiated.  
For the backup chart s , an elaps ed time of  4 minutes 3 s econds was avail­
able ( from the beginning of the adjustment maneuver until the requi red 
terminal phase ini tiat i on minus 30 minutes rendezvous radar mark ) . This 
proved to be insuffi ci ent time to complete the required procedures com­
fort ab ly .  The backup charts should be revi s ed to permit ample t ime to  
obt ain this  first mark . The gui dance systems were updated independently 
us ing their respective insert ion stat e  vectors as initial conditions . 
Nineteen marks were obt ained with the primary gui dance system .  The abort 
guidance system updates were commenced at terminal phase initiation minus 
27 minutes and continued to terminal phase initiat i on minus 7 minutes at 
which time the maneuver solut i on was compared.  Eight marks were entered 
into the abort guidance system. The s olutions from both lunar module 
gui dance systems compared ext remely well , agreeing on line-of-sight angles 
within 0 . 3  degree and on tot al delt a  velocity within 1 . 6 ft /sec . Becaus e 
of VHF di fficulties ( sect i on 14 . 1 . 4 ) , the command module comput er was 
updated with sextant marks only , prior t o  terminal phase initiation and 
produced a maneuver s olut i on of minus 67 . 4 , plus 0 . 5 ,  minus 69 . 2  ( un­
corrected ) compared with the primary gui dance navigat i on system solution 
of plus 62 . 1 ,  plus 0 . 1 ,  plus 63 . 1 .  Using a two-out-of-three vot e ,  the 
primary guidance navigat i on system solut i on was selected for the maneuver ,  
and the corresponding rotated vector was entered into the ab ort guidance 
syst em . The ascent propulsi on system terminal ph ase initiat i on maneuver 
was executed without incident . As anticipat e d ,  the guided as cent pro­
puls ion system shut down resulted in a s light underburn . 

Subsequent t o  terminal phase initiation , both lunar module naviga­
tion s olutions were reinit i ali zed and tracking was res umed .  Simultane­
ous ly , the command module VHF tracking was found to be operating and 
both sext ant and VHF marks were entered into the command module compute r .  
The first midcourse s olution i n  the primary guidance navigat i on system 
was us ed. The abort guidance system solut i on for the first midcours e 
correct ion was in excess of 5 ft /se c ;  cons equently , this  solution was 
dis carded and abort gui dance system navigation was continued without 
reinit iali zat i on .  At the second mi dcours e correcti on , the primary guid­
ance navigati on system s olution was us ed,  and the abort guidance system 
soluti on was within 2 ft /s ec . 

The lunar module remaine d active during braking and the rende zvous 
was completed without incident . After pas s ing through the final braking 
gate , the lunar module began stat i on keeping on the command and servi ce 
module . The Command Module Pilot exe cuted a 360-degree pitch maneuver .  
No anomalies were observed during the inspecti on of the command and 
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most cas es , the crystals were small . Only on two occas i ons was glass 
seen on the lunar surface at Fra Mauro . In one small crater there seemed 
to be glas s -like spatter on the b ottom . In the trave rse t o  the rim of 
Cone Crater , one 3-foot rock was observed to  be well coated with "glas s " .  

The population of rocks in the Fra Mauro area was surpris ingly low , 
much less than 0 . 5  percent of the total area .  Predominantly , the rocks 
in evidence were 3 t o  5 centimeters or smaller and , being covere d with 
dirt , were in many c as es indistinguishable from irregularities in  the 
surface or from clumps of s oi l .  As the crew progre s sed to the crest of 
Cone Crater , boulders became more prominent . In the boulder fi eld , on 
the s outheast edge of Cone , the b oulder population reached ,  perhaps , 3 
to 5 percent of the enti re surface , with many boulders undoubtedly being 
concealed just below the surface . Rays were not dis cernible on the edge 
of the craters , poss ib ly because of the low populati on and als o because 
the nearest hori zon was seldom more than 150 feet away . 

Soil mechanics . - Footprints on the lunar surface were not more than 
l/2 inch to 3/4 inch deep except in the rims of crat ers , where , at times , 
they were 3/4 inch to  l-l/2 inches deep . The modular equipment trans­
porter tracks were seldom more than l/2 inch deep . The penetrometer was 
easily pushed into the lunar surface almost to the limit of the penetrom­
eter rod . During the trenching operation , the trench walls would not re­
main intact and started crumbling short ly after the trench was initiated.  
When obtaining one core tube s ample , the s oil  did not compact and spi lled 
from the tube upon withdrawal . 

9 . 11 ASCENT , RENDEZVOUS , AND DOCKING 

Although the ingres s at the conclus ion of the second extravehicular 
period was approximately 2 hours ahead of the timeline , an hour of this 
pad was used up in stowing samples and equipment preparatory to lift­
off .  The remaining hour assured adequate time for crew relaxation and 
an early start on pre-as cent procedures . There were no devi ations from 
the checklist , although a standby procedure was available in the event 
of subsequent communications problems . Lift-off occurred on time . As 
in previous mis s ions , debris from the interstage area was evi dent at 
staging . In addition , at docking , the Command Module Pilot report ed a 
tear in as cent stage insulation on the bottom right side of the lunar 
module ascent stage ( secti on 8 . 1 ) .  

As cent was completely nominal with auto ignition and cut off . Both 
guidance systems performed well . The Mis s ion Control Center voi ced up 
an adj ustment maneuver which was performed at 141 : 56 : 49 . 4  using the re­
action control system. The adj ustment delta velocity was monitored with 
both guidance systems . 
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approximately h.h5 psia. The test, scheduled to last 2-1/2 hours, was

terminated after T0 minutes when the 100-psi oxygen manifold pressure

decayed to about l0 psi. This was caused by opening of the urine over-

board dump valve which caused an oxygen demand in excess of that which

the oxygen restrictors were capable of providing. However, sufficient

data were obtained during the test to determine the high-flow capability
of the cryogenic oxygen system. (Also see section T.3.)

Inflight cabin pressure decay measurements were made for the first

time during most of the crew sleep periods to detennine more precisely
the cabin leakage during flight. Preliminary estimates indicate that

the flight leakage was approximately 0.03 lb/hr. This leak rate is with-

in design limits.

Partial repressurization of the oxygen storage bottles was required
three times in addition to the normal repressurizations during the mis-

sion. This problem is discussed in section lh.l.8.

The crew reported several instances of urine dump nozzle blockage.
Apparently the dump nozzle was clogged with frozen urine particles. The

blockage cleared in all instances when the spacecraft was oriented so

that the nozzle was in the sun. This anomaly is discussed further in

section lh.l.3.

Intermittent communications dropouts were experienced by the Com-

mander at 29 hours. The problem was corrected when the Commander's

constant wear garment electrical adapter was replaced. The anomaly is

discussed further in section lh.3.h.

A vacuum cleaner assembly and cabin fan filter, used for the first

time, along with the normal decontamination procedures eliminated prac-

tically all of the objectionable dust such as that present after the

Apollo l2 lunar docking. The fans were operated for approximately M hours

after lunar docking.

Sodium nitrate was added to the water buffer ampules to reduce sys-

tem corrosion. This addition also allowed a reduction in the concentra-

tion of chlorine in the chlorine ampules. No objectionable taste was

noted in the water. The crew reported some difficulty in inserting the

buffer ampules into the injector. The ampules and injector are being
tested to establish the cause of the problem. The crew also indicated

that the food preparation unit leaked slightly after dispensing hot water.

This problem is discussed further in section lh.l.T.
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us ed by striking with the flat of the hammer rather than the small end . 
The only dis crepancy ass ociated with the geology tools was the us e of 
the geology sample bags . It was di ffi cult to find rocks small enough 
to fit into the small s ample bags . Furthermore , they are hard to  roll 
up . The t abs  whi ch sh ould faci litate rolling up the bags become en­
tangled , making it diffi cult to remove them from the dispens e r .  

9 . 10 . 6 Lunar Surface Science 

Geology . - The appearance of the lunar surface was much as expecte d .  
A loose gray mantle of materi al covered the enti re surface to  an undeter­
mined depth ; however , core tubes driven into the surface would not pene­
trate more than 1-1/2 tube length s and ,  in most cases , considerably les s 
than that . A "rain drop " pattern over most of the regolith was observed 
and i s  clearly shown in phot ographs . Als o observe d ,  in cert ain sect i ons 
of the traverse , were small lineat i ons in the regolith mat erial , which 
c an  be seen in certain photograph s . 

There was evidence of cratering and recratering on all of the area 
that was traverse d .  There was n o  surface evi dence o f  multiple layers . 
Even in the craters , the loose gray mantle covered the enti re surface , 
except where rocks protruded through , and concealed any evi dence of stra­
tigraphy . In the trench dug by the crew , however , evi dence of three 
different layers was found.  In one or two places on the flank of Cone 
Crater the crewmen ' s  boots dug through the upper layer expos ing a white 
layer about 3 inches from the surface . It is  interesting to note that 
very few rocks are entirely on the lunar surface ; most are buried or 
parti ally burie d .  Nearly all rocks of any s i ze have soi l  fillets around 
them . The small rocks are generally coated with di rt , but s ome of the 
larger rocks are not . Many of the larger rock surfaces are s oft and 
crumbly . However ,  when one uses the hammer and breaks through this , it 
i s  found that they are hard underneat h .  

Subtle vari at ions in rocks are not eas i ly dis cernible , primari ly be­
cause of the dus t .  It must be remembered that the crew selected candi date 
samples after having ob served the rocks from at leas t  5 or 6 feet away 
in order t o  prevent disturbing the soil around them . Features whi ch are 
obvious in a hand-held specimen are not di scernable at initi al viewing 
distance . Furthermore , once the rock has been s ampled ,  good ut ili zat i on 
of time pre cludes examining the rock except t o  note its more prominent 
features . The point is that only the characteristics of a rock that are 
discernible at the ini t i al vi ewing distance enter into the decision t o  
s ample . S ampling strategy should allow for this limitat i on when a wi de 
variety of samples is  desired. 

The crew did observe , however ,  the evi dence of brecc i a  in s ome of 
the rock ; an d ,  on a few occasions , crystalline structure was evident . In 
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7.10 CONSUMABLES

The com and and service module consumable usage during the Apollo lh
mission was well within the red line limits and, in all systems, differed

no more than 5 percent from the predicted limits.

7.10.1 Service Propulsion Propellant

Service propulsion propellant loadings and consumption values are

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

Propellant, lb

Condition i - - - - - - - - ' - L - - Q - - T

Fuel Oxidizer Total

Loaded 15 695.2 25 061 ho 756.2

Consumed ll# 953.2 23 900 38 853.2

Remaining at command module/ TM2 l 161 l 903
service module separation

Usable at command module/ 596 866 l 1462
service module separation

7.10.2 Reaction Control System Propellants

Service module.- The propellant utilization and loading data for

the service module reaction control system were as shown in the follow-

ing table. Consumption was calculated from telemetered helium tank pres-
sure histories and were based on pressure, volume, and temperature rela-

tionships.



package deployment and mat ching those to the s ite in order that the ex­
periments could be properly deployed.  After the site had been s e le cted,  
the lunar dust presented some problems for the remainder of  the Apollo 
lunar surface experiments package deployment . The suprathermal i on de­
tector experiment sub-pallet had dust pi led up against it and into the 
hidden Boyd bolt , which must be reached blind with the hand too l .  Sever­
al minutes were wasted before the suprathermal ion detector experiment 
was success fully release d  from the s ub-pallet .  Sub s equent to that , the 
suprathermal ion detector experiment was carried to its deployment site 
and additional di ffi culty was experi enced in handling the three compo­
nents of this experiment s imult aneous ly . The suprathermal ion detector 
experiment was not suffi ci ently stab le to prevent it from turning over 
s everal times during deployment . 

No problems were experienced during removal of the mortar pack . 
During deployment , however , the footpads rotated out of the proper pos i ­
tion , and the package had to  be pi cked up an d  the pads rotated t o  a 
pos iti on in whi ch they would rest properly against the surface . 

The thumper deployed as expect e d ,  but the lunar regolith was s o  
loos e that the center geophone was pulled out during deployment o f  the 
last half of the thumper cable . This was confirmed during return along 
the line . Only 13 of the 21 thumper cartridges were fired and the fi rst 
several of these  requi red an extraordinary amount of force to fire them 
( section 14. 4. 1 ) .  The problem seemed to clear up for the last several 
initiators and the equipment operated precisely as expected.  

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

Solar wind compos ition experiment . - No di ffi culty was experienced 
in erection of the s olar wind compos ition experiment . The on.ly anoma.ly 
occurred during the retrieva.l of the apparatus , at which time it ro.l.led 
up on.ly about half way and had to be manua.l.ly ro.l.led the remai nder of 
the distance . 

Lunar portab.le magnetometer experiment . - This  piece of equipment 
performed quite satis factori.ly . The on.ly diffi cu.lty experi enced was the 
ree.ling in of the cab les . The set in the cable prevented a s ucce s s ful 
rewind ; consequently , the cable was allowed to protrude in loops from 
the reel during the remainder of the traverse ( section 14. 4 . 3). 

Geology . - The geology hand tools are good an d ,  i f  time had permitte d ,  
they would h ave all been used.  As i n  previous mis s ions , the hammer was 
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Propellant, lb

Condition
" *  þÿ�" � " � ' �_  � � -  '

Fuel Oxidizer Total

Loaded

Quad A ll0.l 225.3 335.h
Quad B 109.9 225.2 335.l
Quad c 110 _ 1+ 226 _ 5 336 _ 9
Quad D l09.T 223.5 333.2

Total hh0.l 900.5 l3h0.6

aUsable loaded l233

Consumed 250 M76 T26

Remaining at command module/ 507
service module separation

aUsable loaded propellant is the amount loaded minus the

amount trapped and with corrections made for gaging errors.

Command module.- The loading and utilization of command module re-

action control system propellant was as follows. Consumption was calcu

lated from pressure, volume and temperature relationships.

Propellant, lb

Condition

Fuel Oxidizer Total

Loaded

System l hh.3 78.6 l22.9

System 2 hh.5 78.1 122.6

Total 88.8 156.7 2345.5

ausable ioaaed 210 .o

Consumed
b

System l Ml

System 2 M

Total I M5

aUsable loaded propellant is the amount loaded minus the

bamounttrapped and with corrections made for gaging errors.

Estimated quantity based on heliu source pressure profile
during entry.
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an d ,  then , only becaus e of rough terrai n .  This instability was easy t o  
control by hand motion on the tri angular-shaped tongue . 

Hand tool carrier . - The hand tool carri er mated to  the modular 
equipment transport er wel l ,  and was adequately retained by the hand tool 
carrier retaining clip . All stowage areas except the deep pocket were 
accept able . This pocket was very di ffi cult to reach when standing adj a­
cent to the modular equipment transporter.  It  is  too deep for one to  
eas i ly retrieve small items . With this  excepti on ,  the hand tool carri er 
performed s atis factori ly . 

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

The televis ion camera performed s at i sfactorily . It seems t o  be a 
useful tool for lunar surface exploration . A remotely operated camera 
with adj ustment of focus , zoom , and lens s etting controlled from the 
ground would be very use ful in making avai lable lunar surface time pres­
ently required for these tasks . 

S-band erect ab le antenn a . - The S-band antenna was eas i ly offloaded 
from the lunar module and pres ented no problems in deployment except that 
the netting whi ch forms the dish caught on the feed horn and had to be 
released manually . The antenna ob structs the work area immedi ately 
around the modular equipment stowage as sembly . A longer cable would 
allow deployment at a greater distance from the lunar module . Although 
the deployment and ere ct i on of the S-b and antenna i s  a one-man job ,  the 
antenna is more easily ali gned with the two crewmen cooperating . 

Lunar surface s cientifi c equipment . - Offloading of the Apollo lunar 
surface experiments subpackages was normal , and all operations were ad­
equate except for the operation of the dome removal tool . It required 
s everal attempts to lock the dome removal tool onto the dome . During 
the traverse to the Apollo lunar surface equipment package deployment 
site , the pallets on either end of the mast os ci llated vertic ally and 
the mast flexed,  making the as sembly diffi cult to  carry and to hold in 
the hands . However , the arrangement is acceptab le for traverse up to 
approximate ly 150 yerds . 

There was s ome diffi culty in finding a s uitable site for Apollo 
lunar surface experiments package deployment be cause of undulations in 
the terrain.  It wa.s necess ary to spend several moments considering the 
constraints that had been placed on Apollo lunar surface experiments 

7.10.3 Cryogenics

The total cryogenic hydrogen and oxygen quantities available at lift

tity data transmitted by telemetry

Hydrogen, Ib

Condition

Actual Planned

Available at lift off

Tank

Tank 2 26
Tank 3

Total

Consumed

Tank l 19
Tank 2 19
Tank 3

Total 38.

Remaining at command module/
service module separation

55

12

1h

26

Oxygen lb

Actual Planned

20

1

1

119
113

163

396

ase

M12

off and consumed were as follows. Consmnption values were based on quan

1 26.97 3 .2

. 3 8.9
- 97.2

53 52 a53 52 836 3 3

Tank l T
Tank 2 T
Tank 3

Total 15

85 200 20h
M1 205 195

33 2h

26 M39 h2h

aUpdatedto iifn-off values.
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9 . 10 . 5  Lunar Surface Crew Equipment 

Extraveh icular mobility uni t . - Both extravehicular mobility units 
performed well during b oth of the extravehi cular activities . There was 
sufficient cooling in  the minimum position for normal activity . Both 
crewmen were required to go to intermedi ate , or between minimum and in­
termediat e ,  for various periods of time during the climb to Cone Crater 
and the high-speed return from Cone Crater to Wei rd Crater.  However , 
other than during these  periods , minimum cooling was us ed predominantly . 

The Lunar Module Pilot ' s  pressure garment as sembly evidenced a higher­
than-usual leak rat e  for the first extravehicular activity , dropping 0 . 2 5  
p s i  during the 1-minute check . The suit showed no drop during preflight 
checkout . 

The Commander ' s  urine collection trans fer as sembly hose had a kink 
in it which prevented proper trans fer of the urine to the collecti on b ags . 
Before b oth extravehicular activities it was necess ary to unzip the suit  
and straighten this kink out . In one instance the suit was removed to  
the waist to facilitat e  access .  The only other minor problem with the 
pres sure garment assembly concerned the Lunar Module Pilot ' s  right glove . 
The glove developed an anomalous condition before the s econd extravehi cu­
lar activity which caused it to assume a natural pos ition to the left 
and down. 

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

Modular equipment transport er . - The modular equipment transporter 
deployed satisfactorily from the lunar module except as previous ly noted .  
The spring tensi on on the retaining clips was sufficient t o  hold all the 
equipment on the modular equipment transporter during lunar surface ac­
tivities . However , with the transporter unloaded ,  the retaining springs 
have sufficient tens i on to lift it clear of the lunar s urface when plac­
ing equipment in stowage locations . This was not noti ced after the 
transporter was fully loaded. 

The wheels did not kick up or stir up as much dust as expected be­
fore the flight . Very little dust accumulated on the modular equipment 
transporter . 

The modular equipment transporter was stab le , easily pulled ,  and 
proved to be a very handy device for both extravehi cular activities . 
Only at maximum speeds di d the transport er evi dence any inst ability 
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T.lO.h Water

The water quantities loaded, produced, and expelled during the mis

sion are shown in the following table.

Condition

Loaded (at lift-off)

Potable water tank

Waste water tank

Produced inflight

Fuel cells

Lithium hydroxide reaction

Metabolic

Dumped overboard

Waste tank dumping
Urine and flushing

Evaporated up to command module/
service module separation

Remaining onboard at command module/
service module separation

Potable water tank

Waste water tank

Quantity, lb

28.5
32.h

3h2.3
21.0

21.0

236.9
133.2

9.0

29.7
36.h
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Timeline . - Operations on the lunar surface required a much longer 
time than had been anticipated.  The planned activities require 25 to 
30 percent more time than would be required under one-g conditions . 
Scheduling additional activities , in the event that certain porti ons of 
the extravehicular activity have to be cancelle d ,  is  advis able . 

9 . 10 . 4 Lunar Module Interfaces 

Modular equipment stowage as sembly . - The release handle was pulled 
and the assembly dropped to a height suitab le for operati ons on the 
lunar surface . The modular equipment stowage as sembly was manually 
adj usted to a higher pos ition to remove the modular equipment trans­
porter and readj usted to a lower pos ition for subsequent operati ons . 
The height adjustments were made without difficulty . The thermal blan­
kets were more di ffi cult to take off th an had been anti cipated.  Simi­
larly , the thermal blankets wh ich protected the modular equipment trans ­
porter supported its weight and manual removal of the blankets was re­
quired during modular equipment transporter deployment . 

As on previous flights , all cables used on the lunar surface had 
suffi ci ent s et to prevent them from lying flat when deployed on the lunar 
surface . Both crewmen became entangled in the cables  from time to time . 
The cables emanating from the modular equipment stowage as sembly area 
should either be buried or routed through restraining clips to keep them 
from being underfoot during work around the modular equipment stowage 
assembly . 

Scient i fic  equipment b�y.- Both the doors and the pallets were re­
moved easily from the s cient i fi c  equipment bey by ut ili zing the booms . 
The pallets could have been removed manually if requi red .  However , the 
height of the pallets was at the limit for easy manual deployment on 
level terrain . 

The 
s omewhat 
module . 
a pallet 

offloading of the Apollo lunar surface experiment package was 
hindered by a small crater 8 to 10 feet to the rear of the lunar 
However , suffi ci ent working area was avai lable in  whi ch to place 
and conduct fueling operat i ons . 

Since the landing gear di d not stroke signi fi cantly duri ng the land­
ing , a j ump of about 3 feet was required from the footpad to  the lowest 
rung of the ladder . This provided no appreci able di fficulty ; however , 
a firm landing whi ch would stroke the landing gear a few inches would 
facilitate a manual offloading operation as well as egress and ingress .  

8 - l

8 . 0 L U N A RM O D U L EP E R F O R M A N C E

8 . 1 S T R U C T U R A LA N D M E C H A N I C A LS Y S T E M S

L u n a r m o d u l e s t r u c t u r a l l o a d s w e r e w i t h i n d e s i g nv a l u e s f o r a l l

p h a s e so f t h e m i s s i o n . T h e s t r u c t u r a l a s s e s s m e n tw a s b a s e d o n g u i d a n c e
a n d c o n t r o l d a t a , c a b i n p r e s s u r e m e a s u r e m e n t s ,c o m u a n dm o d u l e a c c e l e r a -

t i o n d a t a , p h o t o g r a p h s ,a n d c r e w c o m  e n t s .

B a s e d o n m e a s u r e dc o m m a n dm o d u l e a c c e l e r a t i o n sa n d o n s i m u l a t i o n s

u s i n g a c t u a l l a u n c h w i n d d a t a , l u n a r m o d u l e l o a d s w e r e d e t e r m i n e dt o b e

w i t h i n s t r u c t u r a l l i m i t s d u r i n ge a r t h l a u n c h a n d t r a n s l u n a r i n j e c t i o n .
T h e s e q u e n c ef i l m s f r o m t h e o n b o a r d c a m e r a s h o w e dn o e v i d e n c e o f s t r u c -

t u r a l o s c i l l a t i o n s d u r i n gl u n a r t o u c h d o w n ,a n d c r e w c o m m e n t sa g r e e w i t h

t h i s a s s e s s m e n t .

L a n d i n go n t h e l u n a r s u r f a c e o c c u r r e d w i t h e s t i m a t e d l a n d i n gv e l o c -

i t i e s o f 3 . 1 f t / s e cv e r t i c a l , l . T f t / s e c i n t h e p l u s - Yf o o t p a dd i r e c t i o n ,
a n d 1 . T f t / s e c i n t h e p l u s - Zf o o t p a dd i r e c t i o n . T h e s p a c e c r a f tr a t e s

a n d a t t i t u d e a t t o u c h d o w na r e s h o w n i n f i g u r e 8 - l . T h e m i n u s - Y f o o t p a d
a p p a r e n t l yt o u c h e d f i r s t , f o l l o w e d b y t h e m i n u s - Z f o o t p a da p p r o x i m a t e l y
0 . h s e c o n d l a t e r . T h e p l u s - Ya n d p l u s - Zf o o t p a d sf o l l o w e d w i t h i n 2 s e c -

o n d s a n d t h e v e h i c l e c a m e t o r e s t w i t h a t t i t u d e s o f 1 . 8 d e g r e e sp i t c h
d o w n ,6 . 9 d e g r e e sr o l l t o t h e r i g h t a n d l . h d e g r e e sy a w t o t h e l e f t o f

w e s t . V e r yl i t t l e , i f a n y , o f t h e v e h i c l e a t t i t u d e w a s d u e t o l a n d i n g
g e a r s t r o k i n g . T h e f i n a l r e s t a t t i t u d e o f a p p r o x i m a t e l yT d e g r e e sw a s

d u e a l m o s t e n t i r e l yt o l o c a l u n d u l a t i o n s a t t h e l a n d i n gp o i n t ( f i g . 8 - 2 ) .
F r o m a t i m e h i s t o r yo f t h e d e s c e n t e n g i n ec h a m b e rp r e s s u r e , i t a p p e a r s
t h a t d e s c e n t e n g i n es h u t d o w nw a s i n i t i a t e d a f t e r f i r s t f o o t p a dc o n t a c t

b u t b e f o r e p l u s - Yf o o t p a dc o n t a c t . T h e c h a m b e rp r e s s u r e w a s i n a s t a t e

o f d e c a ya t l 0 8 : l 5 : l 1 ,a n d a l l v e h i c l e m o t i o n h a d c e a s e d 1 . 6 s e c o n d s

l a t e r .

F l i g h t d a t a f r o m t h e g u i d a n c ea n d p r o p u l s i o ns y s t e m sw e r e u s e d i n

p e r f o r m i n ge n g i n e e r i n gs i m u l a t i o n so f t h e t o u c h d o w np h a s e . A s i n

A p o l l ol l a n d A p o l l o1 2 , t h e s e s i m u l a t i o n s a n d p h o t o g r a p h si n d i c a t e t h a t

l a n d i n gg e a r s t r o k i n gw a s m i n i m a l i f i t o c c u r r e d a t a l l . P h o t o g r a p h s
a l s o i n d i c a t e n o s i g n i f i c a n td a m a g et o t h e l a n d i n gg e a r t h e r m a l i n s u l a -

t i o n .

S i x t e e n - m i l l i m e t e rf i l m s t a k e n f r o m t h e c o m m a n dm o d u l e p r i o r t o

l u n a r - o r b i t d o c k i n gs u p p o r ta v i s u a l o b s e r v a t i o nb y t h e c r e w t h a t a

s t r i p o f m a t e r i a l a b o u t H f e e t l o n g w a s h a n g i n gf r o m t h e a s c e n t s t a g e
b a s e h e a t s h i e l d a r e a . T h e b a s e h e a t s h i e l d a r e a i s d e s i g n e dt o p r o -

t e c t t h e a s c e n t s t a g e f r o m t h e p r e s s u r e a n d t h e r m a l e n v i r o n m e n tr e s u l t -

i n g f r o m a s c e n t e n g i n ep l u m ei m p i n g e m e n td u r i n gs t a g i n g . T h e a b s e n c e
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9 . 10 . 3  Lunar Surface Operati ons 

Mobility . - Mobility on the lunar surface is excellent . Each crew­
man employs a technique for travel that is  most suitab le for that indi­
vidual . The step-and-hop gait appe ars to require a minimum of effort . 
The l/6g simulations in the KC-135 aircraft were adequate to give one a 
feel of the lunar surface gravit ational field.  The zero-g experienced 
on the way to the moon aided considerab ly in conditioning for good mo­
bility during operations in l/6 g .  There was very little tendency t o  
over-control or use too much force when using tools or walking on the 
lunar surface . 

Vis ibility . - Vis ibility on the lunar surface i s  very good when look­
ing cros s-sun . Looking up-sun , the surface features are obs cure d  when 
direct sunlight is  on the visor , although the sunshades on the lunar ex­
travehicular vis or ass embly helped in reducing the sun glare . Looking 
down-sun ,  vis ibility is accept ab le ; however ,  hori zontal terrain features 
are washed out in zero phas e , and verti cal features have reduced vis i ­
bility . A factor in reducing down-sun vis ib i lity is that features are 
in the line of s ight of thei r shadows , thus reducing contrast . A crew­
man ' s shadow appears to have a heiligens chein around it . The vis ibi lity 
on the lunar surface also distorts j udgment of distance . There is a 
definite tendency to  underestimate distance to  terrain features . An 
adequate range finder is  essenti al . 

Navigation . - Navigat i on appears to have been the most diffi cult prob­
lem encountered during lunar surface activities . Unexpected terrain fea­
tures , as compared to relie f maps , were the s ource of navigati onal prob­
lems . The ridges and valleys had an average change in elevation of ap­
proximately 10 to 15 feet . The landmarks that were clearly apparent on 
the navigational maps were not at all apparent on the surface . Even when 
the crewmen climbed to  a ridge , the landmark often was not clearly in 
s i ght . Interpretati on of the photography cont ribut es to  the navigati on 
problem because photographs of small crat ers make them appear much smaller 
than they do to the eye . On the cont rary , boulders reflect li ght s o  that 
in the orbital photographs they appear much larger than they do in  the 
natural state . Boulders 2 or 3 feet in s i z e  s ometimes appear in  the 
orbital photography , but craters of that size  are completely indi s cernible . 

Dust . - Dust on the lunar surface seemed to  be less of a problem th an 
had been anti cipated.  The dust clings to s oft , porous materi als and is  
eas i ly removed from met als . The pressure garments were impregnated with 
dust ; however , most of the surface dust could be removed .  The little 
dust that accumulated on the modular equipment transporter could easily 
be removed by brushing . The lunar map collected dust and requi red brush­
ing or rubbing with ·a glove to make the map us ab le . 
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Even though extravehicular preparations and post-extravehicular 
procedures were quite adequat e ,  meti culous effort is required to properly 
stow a large number of lunar surface samples . Although there is adequate 
stowage space when samples are properly handled , it is impos sible t o  esti­
mate the number ,  s i ze and shape of the samples pri or to  flight . Thus , 
much time is required to s ort , weigh and stow all of the material in the 
lunar module cabin in accordance with stowage area weight constraints . 
Marking of weigh bags as they are s orted and stowed is important . 

Two hours after landing on the lunar surface , the rendezvous radar 
s atisfactorily performe d the command and servi ce module tracking exercise . 

9 .10 . 2  Egres s /Ingress 

During cabin depres suriz ation ,  a cabin pressure of les s than 0 . 1  psia 
was required before the cabin door could be opened easily . The fi rst per­
son out is crowded as he egresses  because the hatch cannot be fully opened 
to the Lunar Module Pilot ' s  side with the other crewman standing behind 
it . The first pers on to egress must remember , or be coach e d ,  to lean to 
his left during egress in order to  avoid the hat ch seal .  However , the 
hat ch opening is adequate . During egress and ingres s the crew must als o 
remember to maintain hori zontal clearance in order not to s crape the 
portable life support system and remote control unit on the upper and 
lower hatch seals . These techniques require practi ce but are worth the 
effort to assure integrity of the seal .  

On previ ous mis s i ons , dust carrie d  into the cabin during ingress was 
a problem. However ,  it did not seem to be a problem on Apollo 14 , perhaps 
because there was les s dust on the lunar surface , or perhaps , being aware 
of the problem made the crew more meti culous in contamination control than 
they would h ave been otherwise . Care was taken to remove the dust from 
the pressure garment ass embly and other equipment be fore entry into the 
cabin . The brush that was used for pressure garment assemb ly  cleaning 
was adequat e .  The technique of stomping the boots against the lunar mod­
ule ladder seemed to  help to some extent . 

During egres s and ingres s ,  stability and mobility while on the lunar 
module ladder is adequate even when grasping the ladder with one hand.  
This leaves the other hand free to carry equipment . However , one should 
maneuver s lowly and deliberat ely in order to assure stability when nego­
tiating the · lunar module ladder with one hand . No diffi culty was experi­
enced in passing equipment from the man on the s urface to the man on the 
ladder . The lunar equipment conveyor and equipment trans fer bag worked 
more easily than in one-g simulations . 
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crewmen have a precis e  knowledge of their starting point on the travers e 
map . 

The preparation for the first extravehicular period was nominal at 
all times except for a communi c ations problem whi ch became evi dent dur­
ing swit chover to  port able life support system communi cati ons . This 
problem subsequently proved to be the result of cockpit error , whi ch 
points again to  the necessity of having checklists that leave no lati­
tude for misinterpretation .  The cue cards utilized during all of the 
extravehicular preparations and the post-extravehicular activity were 
quite adequate except for the one entry . However ,  the cue cards need 
to  be attached more securely to  the instrument panel to  prevent their 
being dislodged by inadvertent contact . 

Very little sleep was obtained. This resulted primarily from being 
uncomfortable in the suits , but was als o  due , in a lesser degree , to  the 
tilt of the c abin . The tilt was especially noticeable during the s leep 
periods and made s leep di ffi cult because the crew was uneasy in this awk­
ward pos ition . It is the crew ' s  feeling that an unsuited s leep period 
would greatly contribute to suffi cient crew s leep for the longer mis s i ons . 

In general , the lunar module cabin provi ded an adequate base of op­
erat i ons during lunar s urface activities in spite of the small area and 
the 7-degree tilt . However ,  it is felt that , were the lunar module to 
land on terrain inclined more than ab out 10 to  12 degrees , some di ffi­
culty would be experienced in moving about the cabin . 

Equipment . - On the lunar surface , the alignment opti cal telescope 
was s atisfactorily used to align the platform. Reflecti ons in the align­
ment optical teles cope appeared to come from the lunar module rendezvous 
radar antenna and the lunar module upper surfaces . These reflecti ons 
eliminate the less -bright stars as c andidates for use . During alignment 
optical telescope sighting , the radar antenna had dri fted from its parked 
position into the field of view of the teles cope . The antenna was re­
pos itioned before continuing with the alignments . 

A di ffi culty was experienced with the interim stowage ass embly in 
the lunar module cabin . Its ret aining b rackets did not hold s atis fac­
torily . The interim stowage as sembly was continually s lipping out of 
the aft , uppe r restraint and interfering with cabin activity . There was 
no adequate place to  stow use d  urine b ags ; consequently , they were in 
the way until such time that they could be placed in j ettison bags for 
dispos al .  The disposable containers and j ett i s on bags which were stowed 
in the 16-mm camera compartment on the left-hand s i de fell out while the 
camera was being removed ,  creating a short delay during hard-suit opera­
tions . 
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of abnormal thermal responses in the ascent stage indicates that the

heat shield was fully effective. Similar conditions have occurred dur-

ing qualification tests whereby one or more layers of the heat shield

material have become unattached. In these cases, the thermal effective-

ness of the heat shield was not reduced.

8.2 ELECTRICAL POWER

The electrical power distribution system and battery performance was

satisfactory with one exception, the ascent battery 5 open-circuit voltage
decayed from 3T.O volts at launch to 36.7 volts at housekeeping, but with

no effect on operational performance. All power switchovers were accom-

plished as required, and parallel operation of the descent and ascent bat-

teries was within acceptable limits. The dc bus voltage was maintained

above 29.0 volts, and maximum observed current was T3 amperes during pow-

ered descent initiation.

The battery energy usage throughout the lunar module flight is given
in section 8.ll.6. The ascent battery 5 open-circuit low voltage is dis-

cussed in section lh.2.l.

8.3 CO MUNICATIONS EQUIPMENT

S-band steerable antenna operation prior to lunar landing was inter-

mittent. Although antenna operation during revolution l3 was nominal,
acquisition and/or tracking problems were experienced during revolutions

ll and 12. Acquisition was attempted but a signal was not acquired dur-

ing the first 3 minutes after ground acquisition of signal on revolu-

tion lk. Because of this, the omnidirectional antennas were used for

lunar landing. The steerable antenna was used for the ascent and rendez-

vous phase and the antenna performed normally. The problems with the

steerable antenna are discussed in section lh.2.3.

Prior to the first extravehicular period, difficulty was experienced
when configuring the communication system for extravehicular activity be-

cause of an open audio-center circuit breaker. Extravehicular communica-

tions were normal after the circuit breaker was closed.

During the latter part of the first extravehicular period, the tele-

vision resolution decreased. The symptoms of the problem were indicative

of an overheated focus coil current regulator. This condition, while not

causing a complete failure of the camera, resulted in defocusing of the
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6 inches in depth and rocks were readily vis ible th rough it . A final 
des cent from 100 feet was made at a des cent rate of 3 ft /sec , with a de­
liberat e  forward velocity of ab out 1 ft /sec and ,  essenti ally , zero cros s 
range velocity . The forward velocity was maintained until  touchdown to 
preclude backing into any small craters . To provide a s oft landing , a 
delay of about 2 seconds was allowed between acQuis ition of the contact 
lights and activation of the engine stop button . Touchdown occurred at 
shutdown with some small dust-blowing action continuing during engine 
thrust t ailoff or decay . The landing forces were extremely light and 
the vehi cle came to  rest within 1 degree of zero in pitch and yaw atti­
tudes , and with a 7-degree right roll attitude (northeast t i lt ) .  ( Refer 
to figure 8-2 . ) 

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

There were no spurious thruster fi rings after touchdown . The 
lunar dump valves were recycled with no anomalies noted and the des cent 
engine propellant vents were initiat e d .  Although the primary guidance 
computer was t argeted with a li ft-off t ime of 10 8 : 24 : 31 ,  this early 
lift-off time was not reQuired .  The lunar "stay" w as  forwarded by the 
Miss i on Control Center and the computer was set to  idle at 108 :21 : 1 3 . 

The S-band communicat ions were maintained on the forward omni direc­
tional antenna during the des cent , swit ched to aft at pit chdown , and 
then switched to the steerable antenna , in "slew" mode , aft er the lunar 
stay was approved .  

9 . 10 LUNAR SURFACE ACTIVITY 

9 . 10 . 1  Cabin Activi ty 

Operat i ons . - Sub seQuent t o  lunar module touchdown , lunar surface 
act ivities progres s ed in accordance with the check list . On the check­
list  is  an item reQuesting a des cript i on of the lunar surface to the 
Mission Control Center . Although important from a s ci enti fi c point of 
view , this task proved to be most use ful in allowing the crew to accli­
mate themselves to  the lunar environment and , in  conjunct i on with Mis­
sion Control , to determine more pre cisely the locat i on of the  lunar mod­
ule . In subseQuent extravehi cular work , i t  will be import ant that the 
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electron readout beam in the television tube and, consequently, a degrada-
t ion of resolution. The high-temperature condition was caused by operat-
ing the camera for about l hour and 20 minutes while it was within the

thermal environment of the closed modular equipment stowage assembly. The

camera was turned off between the extravehicular periods to allow cooling.
Picture resolution during the second extravehicular activity was satisfac-

tory.

The VHF system performance was poor from prior to lunar l i f t-off

through terminal phase init iation. This problem is discussed in detail

in sections T.h and lh.l.h.

8.h RADAR

The landing radar self-test was performed at l05 hours hh minutes,
and the radar was turned on for the powered descent about 2 hours later.

Four minutes fifty seconds prior to powered descent initiation, the radar

changed from high- to low-scale. At that time, the orbital altitude of

the lunar module was about 10.9 milesa. This condit ion prevented acqui-
sit ion of ranging signals at slant ranges greater than 3500 feet, and ve-

locity signals at altitudes greater than about M600 feet. The radar was

returned to high-scale by recycling the circuit breaker. A detailed dis-

cussion of this problem is given in section lM.2.h. Range and velocity
performance from a slant range of about 25 000 feet to touchdown is shown

in figure 1h-22- There were no zero Doppler dropouts and no evidence of

radar lockup resulting from particles scattered by the engine exhaust

plume during lunar landing.

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

8.5 INSTRUM NTATION

The instrumentation system performed normally throughout the flight
with the exception of three of the four ascent helium tank pressure meas-

urements (two primary and two redundant). Coincident with propulsion
system pressurization, these measurements exhibited negative shifts of

up to M percent. The largest shifts were in the redundant measurements.

These transducer shifts were caused by the shock induced by the

pyrotechnically operated isolation valves. Since these measurements are

used to monitor for leaks prior to propulsion system pressurization, a

aReferenced to landing site elevation.
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radar update precluded such action . The abort gui dance system followe d 
the primary system very closely during the period pri or to  landing radar 
update . There was , therefore , only a s ingle altitude update to the 
abort system. This update was made at an altitude of 12 000 feet . There 
was no abnormal divergence of the abort guidance system through the re­
mainder of the landing phas e .  

The landing program of the primary computer was entered 8 minutes 
44 seconds after ignition and at an altitude of about 8000 feet . The 
vehi cle pitched down , as expected , and the lunar surface was readi ly 
vis ible . The t arget landing point was re cogni zed immedi ately by the 
Commander without reference t o  the computer landing point designator . 
The unique terrain pattern contributed to  this succe s s ful recognition ,  
but the determining factor was the high fi delity of the s imulator visual 
display and the training time as s oci ated with the devi ce . The fi rst com­
paris on of the landing point designator showed zero errors in cross range 
and down range . A redesignation of the t arget point 350 feet to the 
south was made at an altitude of about 2700 feet to allow a landing on 
what had appeared to be smoother terrain in the preflight studies of 
charts and maps . Several cross references between the target and the 
landing point des ignat or were made until an altitude of about 2000 feet 
was reached ,  and good agreement was noted.  At s ome alt itude les s than 
1500 feet , two things became apparent -- first , that the redesignated 
( south ) landing point was too rough and , second , that the automat i c  land­
ing was to occur short of the t arget . 

The manual descent program was initiated at an altitude of 360 feet 
at a range of approximately 2200 feet sh ort of the des ired target . The 
lunar module was controlled to  zero des cent rat e at an altitude of about 
170 feet above the terrai n .  Trans lation maneuvers forward and to  the 
right were made to aim for the point originally targeted. Although this 
area appeared to  be gradually sloping , it was , in general , smoother th an 
the ridge s outh of the target . The fact that no dust was noted during 
the translation was reas suring because it helpe d corroborate the primary 
computer altitude . Velocity on the cros s pointer was ab out 40 ft /sec 
forward at manual takeover and this was gradually reduced to near-zero 
over the landing point . A cross velocity of about 6 ft /sec north was 
also initiated and gradually reduced to zero over the landing point . The 
cross pointers ( primary guidance ) were steady and their indications were 
in good agreement with visual reference to the ground .  Control of the 
vehicle in primary guidance attitude-hold mode and rate-of-des cent mode 
was excellent at all times . The use of the lunar landing training ve­
hicle and the lunar module s imulator had more than adequately equipped 
the pilot for his task . It was relatively easy to  pi ck out an exact 
landing spot and fly to  it with preci se  control . 

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

8-6

shift in these measurements at the time of system pressurization will not

affect future missions. (See appendix A, section A.2.3, for a descrip-
tion of changes made subsequent to Apollo 13.)

8.6 GUIDANCE, NAVIGATION, AND CONTROL

At approximately 102 hours, the primary guidance system was turned

on, the computer digital clock was initialized, and the platform was

aligned to the command module platform. Table 8-I is a summary of the

primary guidance platform alignment data. The abort guidance system was

turned on at 102 hours no minutes and the attitude reference aligned to

the lunar module platform. Table 8-II is a summary of inertial measure-

ment unit component errors measured prior to launch and in flight. The

abort guidance system was aligned to the primary guidance system six

times, but data were available for only five, and are shown in table

8-III. Also shown in table 8-III are data from the independent alignment
of the abort system performed in preparation for lunar lift-off. The

abort guidance system had been aligned to the gravity vector and an azi-

muth angle supplied by the ground. Twenty-seven minutes later, just be-

fore lift-off, the abort system compared well with the primary system
which had been inertially aligned_to the predicted local vertical orien-

tation for lift-off.

The performance of the abort sensor assembly of the abort guidance
system was not as good as on previous missions but was within allowable

limits. The accelerometers exhibited stable performance, but the Z-axis

gyro drift rate change of l.2 degrees per hour from the prelaunch value

was about 30 percent greater than the expected shift. The expected and

the actual shifts between preflight values and the first inflight cali-

bration, and shifts between subsequent inflight calibrations are shown

in table 8-Iv.

Table 8-V is a sequence of events prior to and during the powered
descent to the lunar surface. A command to abort using the descent en-

gine was detected at a computer input channel at l0h:l6:0T (but was not

observed at other telemetry points) although the crew had not depressed
the abort switch on the panel. The crew executed a procedure using the

engine stop switch and the abort switch which isolated the failure to

the abort switch. Subsequently, the command reappeared three more times;
each time, the com and was removed by tapping on the panel near the abort

switch. (For a discussion of the probable cause of this failure, see

section lh.2.2.)

If the abort command is present after starting the powered descent

programs, the computer automatically switches to the abort programs and

the lunar module is guided to an abort orbit. To avoid the possibility
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advised of an abort dis crete being set in the lunar module gui dance com­
put er with the abort button reset . The crew di d not parti cipate signifi­
cantly in s olving this problem except to follow the instructi ons given 
by the Miss ion Control Center.  The remainder of the lunar module check­
out was nominal up to the point of powered des cent initiation . 

9 . 9 POWERED DESCENT 

The primary guidance computer was used to select the des cent pro­
gram for an initial igniti on algorithm checka about 50 minutes prior to 
actual ignition . The computer was als o targeted for a no-ignition abort 
at this time . Final systems checks and switch settings were then made 
and the abort gui dance system was initi alized to  the ground state vector 
(whi ch had been uplinked 30 minutes prior to ignition ) .  The anomalies 
present at this time included the computer abort bit problem and the 
S-band steerab le antenna malfunction . To assure continuous communi ca­
tions , a decis ion was made to us e  omnidirecti onal antennas during powered 
descent . 

The des cent program was res ele cted in the primary computer at igni­
tion minus 10 minutes and a final attitude trim was completed about 5 min­
utes later . The fi rst computer entry , to inhibit the abort comman d ,  was 
made just after final trim . The remaining entries were made aft er igni­
tion .  Both the ullage and the ignition were aut omati c  and occurred on 
time . The engine was throttled-up manually by the Commander 26 seconds 
after ignition . The throttle was returned to the idle pos ition after 
the computer entries had been completed ,  at about 1 mi nute 25 seconds 
into the firing . The computer guidance was initiali z e d ,  by manual key­
board entry , about 42 seconds after ignition . A landing point t arget 
update of 2800 feet downrange was entered manually about 2 minutes 15 sec­
onds after ignition . The steering equations and torque-to-ine rti a ratio 
of the lunar module s imulator are nearly identi cal to those for the actual 
vehi cle . Therefore , the pilot ' s  pre flight training was completely ade­
quate for the actual vehicle response exhibited during the des cent phase . 

The throttle recovery point occurred about 12 seconds prior to the 
predi cted time . The altitude and velocity lights of the computer dis­
play continuously indi cated that landing radar data were invali d to an 
altitude well below the nominal update level . A call was received from 
the Miss ion Control Center to "cycle the landing radar circuit b reaker . "  
This allowed a vali d update . The lights extinguished and the computer 
entry was made to enab le this functi on at an altitude of about 
21 000 feet . The Commander did not evaluate manual control after 
throttle recovery , as planned ,  because the time required for the landing 

�erification of computer performance . 

Star angle Gyro torquzng angle, deg Wm drift., meru.

.028

013

113

055

.121

1:6

3|+9

TABLE 8-1.- LUNAR MODULE PLATFORM ALIGNMENT SUMMARY

'°
3

X Y n Y 2

I
0. 9 0. 9 -0.052

.

'

Alignment mode Telescope

hifzig aiiysgent a
detentc /star di fference»

' 5
Option Technique used deg

102:58 Docked alignment 00 02

105:09 PS2 3 NA 2/22; 2/16 o.ob 0 030 .038

105:27 P52 3 NA -- -- - 0 097 062

109:17 P57 3 1 NA HA 0 .03 0 .016 015

109 :U6 P57 3 2 '2/31; 6/00 0.02 -0 0|41 003

110:05 P57 3 2 2/26; 6/00 -0.07 0 018 .01¢7

129:56 P57 I+ 3 -- -- 0.01 o ohh 069

1|41253 P57 U 3 -- -- 0.02 0 119 135

þÿ ��1- Preferred; 2 _ nominal; 3 - REFSDMAT; L - Landing sue.

bo - Anytime; 1 - REFSMMAT plus g; 2 - Two bodies; 3 - One body plus g

C1 - Left front; 2 - Front; 3 - Right front; is - Right rear; 5 - Rear; 6 - Left rear.

Star names:

00 Pollux

16 Procyon
22 R¢gl1uS
26 Spice
31 Arcturus
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9 .  8 LUNAR MODULE CHECKOUT 

The checkout of the lunar module was conducted in two phases -
the first during t ranslunar coast and the second on the day of the de­
s cent . Pressure readings , prior to entering the lunar module , indi cated 
that the lunar module had a low leakage rate . Power t ransfer to the 
lunar module occurred at 61 : 41 : 11 .  The only anomaly was a s li ghtly low 
voltage reading on battery 5 .  There were about five or six very small 
s crews and washers floating around upon ingress . During this period ,  
16-mm motion pictures were made of a command module waste water dump . 
Some additional housekeeping and equipment trans fer served to reduce the 
workload on des cent day . Power was trans ferred back to the command mod­
ule at 62 : 20 : 42 .  

The second lunar module checkout was accomplished on the s ame day 
as powered descent initiation .  Two checklists , one for e ach pilot , were 
used to speed up the activation process .  The Commander and the Lunar 
Module Pilot both suited in the command and service module pri or to in­
t ravehi cular trans fer ,  but all equipment had been located the night be­
fore to assure that this would be a timely and success ful proces s .  An 
electrode problem with the Lunar Module Pilot ' s  bios ens ors made this 
period full with no extra t ime available . The window heaters were used 
to clear some condens ati on found after ingress .  The probe and drogue 
were installed and checked with no problem. Prior to reaction control 
system pressuri zation , the system A main shutoff valve cli cked during 
recycle , indicating that it was probably closed at that time . 

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

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

b .  The other major prob lem , which occurred before powered descent 
initi ation , was observed by the Mission Control Center. The crew was 

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

(a) Acceleroneters

1 I I Inflight perfomance

Sample Standard "um:erCountdown Flight I
su", e

mean deviation
°

le
value load Power-up

BC
Lift-off to

þÿ ��m�p S
to landing tgozixfgff rendezvous

Scale factor error,

ppm . . . . . . . . _ -695 36 6 -922 -950 - - -

am, cm/secz_ _ _ 1.27 o.os 6 1.26 1.30 1.21 1.36 1.36

Scale factor ermr,
_

pm . . . . . . . . . -1675 T9 9 -1772 -1860 - - -

nm, cm/sec?_ _ . 1.63 0.03 9 1.61 1.65 1.62 1.11 1.11

Scale factor error.
ppm . . . . . . . . . -637 25 6 -6143 -610 - - -

Bias, cm/sec2. 1.39 0.02 6 1.141 1.39 1.35 1.116 1-145

(b) Gyroscopes

Null bias drift, meru

Acceleration drift, spin reference

l l is, meru/g

Acceleration drift. input
Iris , meru/5

l lul l bias drift meru

Acceleration drift spin reference

Acceleratim drift, input
I l i! - meru/B

lull bla! drlf l meru

Acceleration drift., spin reference

axis , meru/5

Acceleration drift input
alia , meru/g

Number
Sample Standard

, _ Countdown Flight Inflight
mean deviation value load performance

5

samplesl ~ I A 1 I 1
X- . . . . . . . 0.6 0.1-1 6 o_o 0.9 | -1.9

V

 0.2 0.6 6 1.1 I o - I.

. . . . . . . . . . . 14.0 2.8 6 2.9 3.0 -

Y _

, . . . . . . . -2.8 0.6 6 -3.6 -2.7 0.3

;x1»,|eru/g . . T .  . . . . . . 3.0 1.3 6 11.5 3.0 -

. _ . . . . . -9.6 h.o 12 -1.5 -12.0 -

z _
, . . . . . . . -1.1 0.9 6 -1.1 -0.3 -0.5

 14.5 0.14 6 11.5 5.0 -

. . f . . . . . _ . . .6 1.1. 6 1.2 6.6 _
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9 . 5 . 3  Midcourse Correcti on 

Two midcourse corrections were performed during the trans lunar coast 
phase . The first midcourse correction was performed at the second option 
point and placed the spacecraft on a hyb ri d  traj ectory . The maneuver was 
performed under control of the guidance and control system with res i duals 
of plus 0 . 2 ,  zero , and minus 0 . 1 ft /s e c .  The second midcours e correction 
was performed at the fourth option point and was targeted for a velocity 
change of 4 . 8  ft /se c .  It was a s ervice propuls ion system maneuver per­
formed under control of the gui dance and control system.  The resi duals 
were plus 0 . 3 ,  zero , and minus 0 . 1  ft /sec . 

9 . 6 LUNAR ORBIT INSERTION 

Res i duals resulting from the lunar orbit inserti on maneuver were 
plus 0 . 3 ,  zero , and zero ft /sec . The firing time was within 1 second 
of the pad valuea. The only unexpe cted item noted during this maneuver 
was the operation of the propellant uti li z at i on and gaging system . The 
preflight briefings on the system indi cated that , at cros s over , the un­
balance meter would os ci llat e  and then s ettle out in the 100 to 150 in­
crease pos ition .  At cross over , during the actual maneuver , the unbalance 
meter went from its decreas e  position smoothly up to approximately zero . 
It was controlled about the zero point us ing the incre as e  and normal 
pos iti ons of the switch . 

9 . 7 DESCENT ORBIT INSERTION 

On Apollo 14 , for the first time , the des cent orbit insertion 
maneuver was made with the service propuls ion system . The command mod­
ule computer indi cated a 10 . 4 - by 5 8 . 8-mi le orbit after the maneuver .  
The Network indi cated a 9 . 3- by 59 .0-mile orbit . The firing time observ­
ed by the crew was 20 . 6  seconds . Pad fi ring time was 20 . 8  seconds . The 
maneuver was controlled by the guidance and control system with command 
module computer shutdown . Immedi ately after the descent orbit ins ert i on 
maneuver , the spacecraft was oriented to  an attit ude from whi ch an abort 
maneuver could have been performed i f  requi re d ,  and short ly after acqui ­
s ition of signal , Houston gave a "go" to stay in the low orbit . Pad 
firing time W'as the crew monitoring shutdown criteri a .  This technique 
virtually eliminated the pos sibility of an unacceptable overspeed. 

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

TABIE 8-III.- GUIDANCE SYSTEMS ALIGNMENT COMPARISON

Primary minus abort system

103:5h:hh.99 0.000 0.003 0.01h

10h:0h:h5.9 0.061 0.030 0.002

10h:3h:h5.2 0.000 0.007 0.003

109 28 36 -0.002 0.03h 0 000

1h1 15 25 2 0.000 0 002 0 001

a11+1= 0 .010 003 .018

aSystemsaligned independently. Actual time

of abort guidance system alignment was

lhl:l8:35.2.

TABLE 8-IV.- ABORT GUIDANCE SYSTEM CALIBRATION COMPARISONS

Actual gyro drift
Three sigma

de /hr
Cal1brat1ons capability

g

estlmate
X axis Y axis Z

First inflight minus pre +0 91 0 0 0 OT

installation

1nf11ght

First surface minus second +0 56 0 O

inflight

Second surface minus first +0 55 0 O 0 08

surface

P8118

8.XlS

O M3

0 21

° ' ° °

-
_ . . 8 -

. -1.2

Second inflight minus first i0.63 -0.01 0.23 0.26

' °

_ . -0.02 -

. 8 -

.
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Several attempts were required before docking was succes s fully 
achieved.  [ Editor ' s  note : Six  contacts were made and these are referred 
to as s ix " docking attempts "  in other sections of the report . The pilots 
considered the first two contacts to be one attempt . ]  The first attempt 
was made at a closi ng velocity of approximately 0 .1 to  0 . 2 ft / s e c .  At 
contact , the capture lat ches did not lock with the drogue . Plus -X thrust 
was us ed to drive the probe b ack into the drogue , but agai n ,  capture was 
not achieved .  All switches an d  ci rcuit break ers were verified by the 
checklist and another docking attempt was made with a closing velocity 
of approximately 1 . 0  ft /sec . The lat ches again failed to capture on this 
pass . The procedures were verified with Houston and the docking probe 
switch was placed to extend , then back to retract (the  t alkb acks were 
veri fied gray in both positi ons ) .  On the third attempt , plus-X thrust 
was held for approximately 4 seconds after drogue contact , but the lat ches 
failed to capture . Three prominent scrat ches , approximately 2 inches long 
and spaced 120 degrees around the drogue , were noted at this time and 
Houston was informe d .  The scrat ches starte d  near the hole i n  the drogue 
and extended radially outward.  The docking probe switch was placed to  
extend-release for 5 s econds , then back to retract ; the talkb acks were 
verified gray in both positions . Another attempt was made using normal 
procedures , and again , no capture was achieved .  On the fifth and final 
attempt , the probe was aligned in the drogue and held with plus-X thrust . 
The primary l retract switch was actuat e d ,  and approximately 4 to 5 sec­
onds lat e r ,  the talkbacks went b arberpole , then gray , and the docking 
ring lat ches were actuated by the lunar module docking ring. The post­
docking procedures were performed using the normal crew checklist and the 
locking of all twelve lat ches was veri fied. 

Immedi ately upon lunar module e j e ction , a maneuver was started to 
view the S-IVB. As s oon as the S-IVB was in s i ght , Houston was noti fi ed. 
An S-IVB yaw maneuver was then commanded in  preparation for the auxi li ary 
propuls ion system evasive maneuver . Both the auxi li ary propuls ion system 
evasive maneuver and the propellant dump of the S-IVB were visually moni­
tored . The S-IVB was stab le when last viewed by the crew . 

The probe and drogue were removed during the first day for examin­
ati on and checkout using the crew checkli st and procedures provi ded by 
the Miss ion Control Center.  The probe functioned properly at that time . 

9 . 5 . 2 Translunar Coast 

A clock update was performed at approximately 5 5  hours to compens ate 
for a weather hold of approximately 40 minutes during the launch count­
down. This procedure was an ai d to  the Command Module Pi lot while in 
lunar orbit because ·it eliminated the need for numerous updates to  the 
Command Module Pilot ' s  s olo book . 
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TABIE 8-V.- SEQUENCE OF EVENTS DURING POWERED DESCENT

Elapsed t1me

from

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

108

llft off

m1n sec

18 66

3h 66

Tlme from

1gn1t1on,
m1n sec

+10

+10

+12

+12

+12: .

Event

Landlng radar on

False data good 1nd1cat1ons from

land1ng radar

Land1ng radar sw1tched to low scale

Start load1ng abort b1t work around

rout1ne

Ullage on

Ign1t1on
Manual throttle up to full throttle

pos1t1on
Manual target update (N69)
Throttle down

Land1ng radar to h1gh scale (C1TCult
breaker cycle)

Landlng radar range data good
Enable alt1tude updates
Select approach phase program (P6h)
Start p1tch over

landlng radar redes1gnat1on enable

Land1ng radar antenna to pos1t1on 2

Select attltude hold mode

Select landlng phase program (P66)
Left pad touchdown

Eng1ne shutdown (decreaslng thrust

chamber pressure)
Right forward and aft pad touchdown

hr:
` :_

3
`

:

1

7=51`= . , -11:07.86
°

T:52:h6.66 -9:39.86
` ' `

T:5T: . -h:51.86
' '

T:58:13.80 -h:12.T2
' '

-

8:02:l9.l2 -0:0T.h0
8:02:26.52 0:00.00

' '

8:02:53.80 +0:2T.28 -

a=ou=u9.ao +2:'23.28
8:08:hT.68 +6:2l.l6

8:08:5O.66 +6:2h.1h
' ' ' '

108:09:lO.66 +6:hh.lh Landing radar velocity data good
8:09:12.66 +6:h6.1h

'

8:09:35.80 +T:09.28
°

' 8:1l:09.80 +8:h3.28
8:ll:lO.h2 +8:h3.90

`

8:11:51.60 +9:25.08
' ° '

8:1l:52.66 +9:26.lh
' ° `

8:13:0T.86 :hl.3h
'

8:l3:09.80 :h3.28
'

8:l5:09.30 :h2.T8
8:l5:11.l3 :hh.61

` `

15 11 ho hh 88
, ,
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9 . 3  EARTH ORBIT 

This crew had placed speci al emph asis on suited training periods 
in the command module s imulator for this parti cular phas e .  The space­
craft system checks and unstowage of equipment were performe d s lowly 
and precis ely coincident with the process of famili ari zation with the 
weightless state . No anomalies or di ffi cult i es were noted.  

The Command Module Pilot noted that , although he had heard the 
opt i cs cover jetti s on ,  there was no debris , and a finite period of sev­
eral minutes of dark-adapti on was required to permit viewing of stars 
through the telescope . The extensi on of the docking probe is  mentioned 
here only to indi cate that it was extended on s chedule , per the check­
list , with no problems noted from either audio or vis ual cues . 

9 . 4  TRANSLUNAR INJECTION 

The del� in launch produced off-nominal monitoring parameters with 
the second S-IVB firing . These updates  were forwarded smoothly and in 
a timely fashion so that all preparations for the inj ection were normal . 
Attitude control of the S-IVB was excellent and right on schedule . The 
igniti on was on time , pos itive , and without roughness . The guidance 
parameters compari s on between the command module compute r  and the in­
strumentation unit was very clos e .  A very light vibrat i on or buz z was 
noted toward the end of the powered phase , and is mentioned only to in­
form future crews as to  a res onance reference point . The state vector 
conditi ons at cutoff were exce llent and the tanks vented on s chedule . 
The Commander and Command Module Pilot changed couch positions in accord­
ance with the flight plan . 

9 . 5  TRANSLUNAR FLIGHT 

9 . 5 . 1 Transpos ition and Docking 

The physical separation from the S-IVB clos ed two propellant i s o­
lat i on valves on the service module reaction control system. These 
were immediately res et with no problems . The entry monitor system was 
not used as a reference during any porti on of the transpos iti on and 
docking maneuver .  The plus-X thrusting on separation and the initi al 
thrusting to set up a clos ing velocity were performed using the event 
timer.  

8 - l l

o f a n u n w a n t e d abo r t , a w o r k - a r o u n d p rocedu re w a s d e v e l o p e d by g round
p e r s o n n e l a n d w a s r e l ayed t o t h e c r e w f o r m a n u a l en t r y i n t o t h e l u n a r

m o d u l e compu te r . P a r t o n e o f t h e f ou r -pa r t p rocedu re w a s e n t e r e d i n t o

t h e compu te r j u s t a f t e r t h e f i n a l a t t i t u d e m a n e u v e r f o r powered d e s c e n t .

T h e r e m a i n d e r w a s accomp l i shed a f t e r t h e i n c r e a s e t o t h e f u l l - t h r o t t l e

pos i t i on . P a r t o n e c o n s i s t e d o f l oad ing t h e a b o r t s tage p r o g r a m n u m b e r

i n t o t h e m o d e r eg i s te r i n t h e e r a s a b l e m e m o r y w h i c h i s u s e d t o m o n i t o r

t h e p r o g r a m n u m b e r d isp layed t o t h e c r e w . T h i s d i d n o t c a u s e t h e a c t i v e

p r o g r a m t o change , b u t i t d i d i n h i b i t t h e compu te r f r o m check ing t h e

a b o r t c o m m a n d s t a t u s b i t . A t t h e s a m e t ime , i t i n h i b i t e d t h e a u t o m a t i c

c o m m a n d t o f u l l - t h r o t t l e pos i t i on , a u t o m a t i c gu idance s tee r i ng , a n d i t

a f f e c t e d t h e process ing o f t h e l and ing r a d a r d a t a . The re fo re , i n o r d e r

t o r e e s t a b l i s h t h e d e s i r e d con f i gu ra t i on f o r descen t , t h e i n c r e a s e t o

f u l l - t h r o t t l e pos i t i on w a s accomp l i shed manua l l y a n d t h e n t h e second ,
t h i r d , a n d f o u r t h pa r t s o f t h e p rocedu re w e r e e n t e r e d i n t o t h e compu te r .
I n o rde r , t hey accomp l i shed :

a . Se t t i ng a s t a t u s b i t t o i n f o r m t h e d e s c e n t p r o g r a m t h a t t h r o t t l e

u p h a d o c c u r r e d a n d t o r e - e n a b l e gu idance s tee r i ng

b . Rese t t i ng a s t a t u s b i t w h i c h d i s a b l e d t h e a b o r t p r o g r a m s

c . Rep lac ing t h e a c t i v e p r o g r a m n u  b e r b a c k i n t o t h e m o d e r eg i s te r
s o t h a t l and ing r a d a r d a t a w o u l d b e p rocessed p rope r l y a f t e r l and ing
r a d a r l o c k - o n

T h e a b o r t capab i l i t y o f t h e pr imary gu idance sys tem w a s l o s t by u s e o f

t h i s p rocedu re . The re fo re , i t w o u l d h a v e b e e n n e c e s s a r y t o u s e t h e a b o r t

gu idance sys tem i f a n a b o r t s i t u a t i o n h a d a r i s e n .

P r i o r t o powered d e s c e n t m a n e u v e r i gn i t i on , t h e l and i ng r a d a r s c a l e

f a c t o r s w i t c h e d t o l ow , w h i c h p reven ted acqu is i t i on o f d a t a t h rough t h e

f i r s t hoo s e c o n d s o f d e s c e n t . (For f u r t h e r d i scuss ion , r e f e r t o s e c -

t i o n l h .2 .h . ) T h e c r e w cyc led t h e r a d a r c i r c u i t b reake r , w h i c h r e s e t

sca l i ng t o t h e h igh sca le , a n d l and i ng r a d a r l o c k - o n o c c u r r e d a t 2 2 M86
f e e t . F igu re l k - 22 i s a p lo t o f s l a n t r a n g e a s m e a s u r e d by l and ing r a d a r

a n d a s compu ted f r o m pr imary gu idance sys tem s t a t e v e c t o r s . F igu re 8-3
i s a p lo t o f a l t i t u d e s compu ted by t h e a b o r t a n d pr imary gu idance sys tems
a n d s h o w s a 3h0O- foo t upda te t o t h e a b o r t gu idance sys tem a t t h e 1 2 0 0 0 -

f o o t a l t i t u d e .

T h r o t t l e o s c i l l a t i o n s t h a t h a d b e e n n o t e d o n prev ious f l i gh t s w e r e

n o t d e t e c t e d du r i ng t h e d e s c e n t a l t hough s o m e o s c i l l a t i o n i n t h e a u t o -

m a t i c t h r o t t l e c o m m a n d w a s d e t e c t e d a f t e r d e s c e n t eng ine m a n u a l s h u t d o w n .

T h e r e a c t i o n c o n t r o l sys tem prope l l an t consu  p t i on du r i ng t h e b rak ing
phase a n d app roach phase p r o g r a m s w a s approx ima te l y h a l f t h a t s e e n o n

prev ious m i s s i o n s . F u r t h e r d i s c u s s i o n o f t h e s e t w o a r e a s w i l l b e p r o -
' i d e d i n a supp lemen t t o t h i s r epo r t .
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9 .0 PILOT ' S  REPORT 

The Apollo 14 mission expanded the techniques and overcame s ome of 
the operational limitat i ons of previous lunar landing mis si ons . Specifi c  
differences included performing onboard cislunar navigat i on t o  s imulate 
a return to earth with no communi cat i ons , us ing the servi ce propuls i on 
system for the des cent orbit maneuver ,  landing i n  the lunar highlands , 
extending the lunar surface excurs i on time and making a lunar-orbit ren­
dezvous during the first revolution of the spacecraft . The detailed 
flight plan , executed in its entirety , was used as a reference for the 
activities of the pilots during the mission ( fi g .  9-l , at end of sect i on ) . 

9 . 1 TRAINING 

The formal training for this crew was conducted over a t ime span of 
20 months in general accordance with the s chedules used for previous 
missions . The training equipment and methods were concluded t o  be ex­
cellent and are rec ommended for subsequent crews essenti ally unchanged .  
Although none o f  the crew members had completed actual flight experience 
in the Apollo program , each of the pi lots felt that he was completely 
ready for all phases of the flight . 

9 . 2  LAUNCH 

The countdown proceeded on s chedule with no problems encountere d 
in the area of crew integrat i on or ingres s .  The general condition of 
the crew stat i on and displays was excellent . The crew was kept well 
informed of the nature of the launch delay and was appris ed of launch 
azimuth change procedures ; accordingly , that phase went smoothly . The 
Commander noted no visible moisture on windows 2 and 3 either prelaunch 
or during atmospheri c flight . The propri oceptive cues reported by 
earlier crews were essenti ally unchange d  during the launch of Apollo 14 . 
No communi cat i on diffi culti es were noted during the launch . A very 
slight longitudinal os ci llat i on occurre d  during second stage flight 
starting at 8 minutes 40 seconds and continuing through shutdown . The 
launch profi les flown during preflight training on the dynami c crew pro­
cedures simulator and the command module simulator were more than ade­
quate for crew preparat i on .  
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T i m e ,h r = m i n

F i g u r e 8 - 3 . - C o m p a r i s o no f a l t i t u d e s c o m p u t e db y a b o r t a n d

p r i m a r y g u i d a n c e s y s t e m s d u r i n g d e s c e n t .

W h i l e o n t h e l u n a r s u r f a c e , a t e s t w a s p e r f o r m e d t o c o m p u t eg r a v i t y
u s i n g p r i m a r y g u i d a n c e s y s t e m a c c e l e r o m e t e r d a t a . T h e v a l u e o f g r a v i t y
w a s d e t e r m i n e d t o b e 1 6 2 . 6 5 c m / s e c 2 .

P e r f o r m a n c e d u r i n g t h e a s c e n t f r o m t h e l u n a r s u r f a c e w a s n o m i n a l .

T h e p r i m a r y a n d a b o r t s y s t e m s a n d t h e p o w e r e d f l i g h t p r o c e s s o r d a t a c o m

p a r e d w e l l t h r o u g h o u t a s c e n t . T h e a s c e n t p r o g r a m i n t h e o n b o a r d c o m p u t e r
d o e s n o t i n c l u d e t a r g e t i n g f o r a s p e c i f i c c u t o f f p o s i t i o n v e c t o r ; t h e r e

f i d u s t t f 1 O . 3 f t / f d t to r e , a v e r n e r a j m e n m a n e u v e r o s e c w a s p e r o r m e o s a

i s f y t h e p h a s i n g c o n d i t i o n s f o r a d i r e c t r e n d e z v o u s w i t h t h e c o m m a n d a n d

s e r v i c e m o d u l e .

P e r f o r m a n c e t h r o u g h o u t r e n d e z v o u s , d o c k i n g , a n d t h e d e o r b i t m a n e u v e r

w a s a l s o n o m i n a l . T h e v e l o c i t y c h a n g e i m p a r t e d t o t h e l u n a r m o d u l e a t

J e t t i s o n w a s m i n u s l . 9 1 4 ,m i n u s 0 . 0 5 , a n d m i n u s 0 . 1 0 f t / s e c i n t h e X , Y

a n d Z a x e s , r e s p e c t i v e l y .
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The abort guidance system functioned properly until the braking
phase of the rendezvous with the command and service module when a fail-

ure caused the system to be down-moded to the standby mode and resulted

in the loss of this system for the remainder of the mission. Another

anomaly reported was a crack in the glass window of the address register
on the data entry and display assembly. These anomalies are discussed

in sections 1h.2.5 and 1h.2.6, respectively.

8.7 DESCENT PROPULSION

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

8.7.1 Inflight Performance

The duration of the powered descent firing was 76h.6 seconds. A

manual throttle-up to the full throttle position was accomplished approx-

imately 26 seconds after the engine-on command. The throttle-down to

57 percent occurred 381 seconds after ignition, about lh seconds earlier

than predicted but within expected tolerances. Three seconds of the 1h
are attributed to the landing site offset to correct for the downrange
error in actual trajectory, and the remaining ll seconds to a thrust in-

crease of approximately 80 pounds at the full-throttle position.

8.7.2 System Pressurization

During the period from lift-off to 10h hours, the oxidizer tank ull-

age pressure decayed from lll to 66 psia and the fuel tank ullage pres-
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8 . 11 . 7  Extravehicular Mobili ty Unit 

Oxygen , feedwater and power consumption of the extravehicular mobi l­
ity unit for both extraveh icular peri ods are shown in  the following table . 

Commander Lunar Module Pilot 
Condition 

Actual Predi cted Actual Predi cted 

First ext rave hi cular acti vity 

Time , min 288 2 5 5  288 255 

Oxygen , lb 
Loaded 1 . 31 1 . 31 l .  31 l .  31 
Consume d 0 .  70 0 . 9 7  1 . 02 0 . 97  
Remaining 0 . 61 0 . 34 0 . 29 0 .  34 

Feedwater , lb 
Loaded 8 . 59 8 . 55  8 . 66 8 .  55 
Consumed 4 . 85 7 . 0 8 5 .  71 7 . 0 8  
Remaining 3 . 74 1 . 47 2 - 9 5 1 . 47 

Power ,  W-h 
Initial charge 282 282 282 282 
Consumed 228 223 237 223 
Remaining 54 59 45 59 

Se cond ext ravehi cular activity 

Time , min 275 255  275 255  

Oxygen , lb 
Loaded 1 . 26 1 . 31 1 . 26 l .  31 
Consumed 0 . 86 1 . 02 0 . 9 6  1 . 02 
Remaining 0 . 40 0 . 29 0 .  30 0 . 29 

Feedwater ,  lb 
Loaded 8 . 80 8 . 55  8 . 80 8 . 55 
Consumed a6 . 43 7 - 5 5 

a
7 . 13 7 . 5 5 

Remaining a2 .  37 1 . 0  a1 . 67 1 . 0  

Power , W-h 
Initial charge 282 282 282 282 
Consumed 225 225 222 225 
Remaining 57  57  60 5 7  

�stimate based on extravehicular mobility unit  s ource heat pre­
dicti ons becaus e portable li fe support system feedwater weight was 
not t aken following the se cond extravehi cular activity . 
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after ignition, and was most probably triggered by the point sensor in
oxidizer tank 2. Engine cutoff occurred 53 seconds after the low-level

signal, indicating a remaining firing-time-to-depletion of 68 seconds.

Using probe data to calculate remaining firing time gave approximately
T0 seconds remaining. This is within the accuracy associated with the

propellant quantity gaging system.

The new propellant slosh baffles installed on Apollo lk appear to

be effective. The propellant slosh levels present on Apollo ll and 12

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

this mission.

8.8 ASCENT PROPULSION

The ascent propulsion system duty cycle consisted of two firings -

the lunar ascent and the terminal phase initiation. Performance of the

system for both firings was satisfactory. Table 8-VI is a summary of

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

10 seconds after ignition hoo seconds after ignition

Parameter

Predicteda Measuredb Predicteda Measuredb

Regulator outlet pressure, psia 18h 182 18h 181

Oxidizer bulk temperature, °P 10.0 69.h 69.0 69

Fuel bulk temperature, °P 70.0 69.8 69.8 69

Oxidizer interface pressure, psia 170.5 168 169.7 167

Fuel interface pressure, psia 170.b 169 169.7 167

Engine chamber pressure, psia 123.h 121 123.2 120

Mixture ratio 1.607 - 1.598 -

Thrust, lb 3502. - 3h68. -

Specific impulse, sec 310.3 - 309.9 -

aPref1ight prediction based on acceptance test data and assuming nominal system performance.

bActual flight data with no adjustments.
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8 . 11 . 6  Electri cal Power 

The total battery energy us age is given in the following table . 
Preflight predicti ons versus actual us age were within 3 percent . 

Available Ele ctri cal power consume d ,  A-h 
Batteries powe r ,  

A-h Actual Predi cted 

Des cent 1600 1191 1220 

As cent 592 128 125 

8~l5

actual and predicted performance during the ascent maneuver. The dura-

tion of engine firing for lunar ascent was approximately H32 seconds,
and for terminal phase initiation, 3 to M seconds. A more precise esti-

mate of the terminal phase initiation firing time is not available be-

cause the firing occurred behind the moon and no telemetry data were

received. System pressures were as expected both before and after the

terminal phase initiation maneuver and crew reports indicate that the

maneuver was nominal.

No oscillations were noted during flight in either helium regulator
outlet pressure measurement. Oscillations in the outlet pressure of

6 to l9_psi have been noted in previous flight data. Also, oscillations

of a similar nature and approximately twice that magnitude were noted

during preflight checkout of the ascent propulsion system class I second-

ary helium regulator. However, during flight, control is maintained,
normally, by the class I primary regulator.

8.9 ENVIRONM NTAL CONTROL AND CREW STATION

Performance of the environmental control system was satisfactory
throughout the mission. Glycol pump noise, a nuisance experienced on

previous missions, was reduced below the annoyance level by a muffler

on the pump system. Although the water separator speed was higher than

expected much of the time, the separator removed water adequately and

there were no problems with water condensation or cabin humidity.

Because of water in the suit loop on Apollo 12 (ref. 1) , a flow re-

strictor had been installed in the primary lithium hydroxide cartridges
to reduce the gas flow in the suit loop and, thereby, reduce water sep-
arator speed below 3600 rpm. (Separator speed is a function of the water

mass to be separated and the gas flow.) However, the water separator
speed was above 3600 rpm while the suit was operated in the cabin mode

(helmets and gloves removed). The high speed when in the cabin mode re-

sulted from low moisture inputs from the crew (approximately 0.lh lb/hr)
and a high gas flow caused by low back pressure which, in turn, developed
from a low pressure drop across the suit.

During preparations for the first extravehicular activity, the trans-

fer hose on the urine collection transfer assembly was kinked. The kink

was eliminated by moving the hose to a different position.

The crew repeatedly had trouble getting the lunar module forward

window shades to remain in their retainers. The shades had been processed
to reduce the curl and prevent cracking, a problem experienced on previous
flights. In reducing the curl, the diameter of the rolled shades was in-

creased so that the shades would not fit securely in the retainers. For
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8 . 11 . 5 Water 

In the following t able , the  actual quantities loaded and consumed 
are based on telemetered dat a .  

Condition Actual Predi cted 
quantity , lb quantity , lb 

Loaded ( at li ft-off ) 
Des cent stage 255 . 5  
Ascent stage 

Tank l 42 . 5  
Tank 2 42 . 5  

Total 340 . 5  

Consumed 

Descent stage ( lunar li ft-off 200 . 9  190 . 9  
Ascent stage ( docking ) 

Tank l 6 .0 6 . 2  
Tank 2 5 . 8  6 . 2  

Total 212 . 7  203 . 3 

Ascent stage ( impact ) 
Tank l 14 . 4  -

Tank 2 14 . 9  -

a.rot al 2 30 . 2 -

Remaining in des cent s tage at 5 4 . 6  59 . l  
lunar lift-off 

Remaining i n  as cent stage at 
impact 

Tank l 28 . 1  -

Tank 2 27 . 6  -

To-t;al 55 . 7  -

a
Consumed during flight , both stages . 
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Apollo 15, the shades will be fabricated to permit them to be rolled

small enough to be held securely by the retainers.

The interim stowage assembly could not be secured at all times be-

cause the straps could not be drawn tight enough to hold. This problem
resulted from stretch in the fabric and in the sewing tolerances. In

the future, more emphasis will be placed upon manufacturing fit checks

and crew compartment fit checks to assure that the problem does not

recur.

8.10 EXTRAVEHICUIAR MOBILITY UNIT

Performance of the extravehicular mobility unit was very good during
the entire lunar stay. Oxygen, feedwater, and power consumption (sec-
tion 8.ll.T) allowed each extravehicular period to be extended approxi-
mately 30 minutes with no depletion of contingency reserves. Comfortable

temperatures were maintained using the diverter valve in the minimum posi-
tion throughout most of both extravehicular activities.

Preparations for the first extravehicular activity proceeded on

schedule with few exceptions. The delay in starting the first extra-

vehicular activity occurred while the portable life support system power

was on, resulting in battery power being the limiting consumable in de-

termining the extravehicular stay time.

Oxygen consumption of the Lunar Module Pilot during the first extra-

vehicular activity was one-third higher than that of the Commander. Tele-

metry data during the Lunar Module Pilot's suit integrity check indicated

a pressure decay rate of approximately 0.27 psi/min; a rate of 0.30 psi/
min is allowable. In preparation for the second extravehicular activity,
special attention was given to cleaning and relubricating the Lunar Module

Pilot's pressure garment assembly neck and wrist ring seals in an effort

to lower the extravehicular mobility unit leak rate. A 0.22 psi/min pres-

sure decay rate was reported by the Lunar Module Pilot prior to the second

extravehicular activity. Postflight unmanned leak rate tests on the Lunar

Module Pilot's pressure garment assembly show no significant increase in

leakage.

Just prior to lunar module cabin depressurization for the second

extravehicular activity, the Lunar Module Pilot reported a continuous

force in his right extravehicular glove wrist pulling to the left and

down. A more detailed discussion is given in section lh.3.2. The ex-

travehicular activity started and was completed without any reported
difficulty with the glove.
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8 . ll . 4  Oxygen 

The oxygen tank was not loaded to the nominal 2730 ps ia us ed for 
previous miss ions because of a possible hydrogen embri ttleme nt problem 
with the descent stage oxygen tank . Launch pressure for the tank was 
an indicated 2361 ps i a .  

Condition 
Actual Predi cted 

quantity , lb quanti ty , lb 

Loaded ( at li ft-off ) 

Des cent stage 42 . 3  
Ascent stage 

Tank 1 2 . 4  
Tank 2 2 . 4  

Total 47 . 1  

Consumed 

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

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

Total 25 .0  

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

Remaining at docking 

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

Total 3 . 7  

aConsumables dat a are not avai lable because the t ank l pres sure 
t ransduce r  malfunctioned before launch . 

8.11 CONSUMABLES

On the Apollo lk mission, all lunar module consumables remained

well within red line limits and were close to predicted values.

8.11.1 Descent Propulsion System

8-17

Propellant.- The quantities of descent propulsion system propellant
loading in the following table were calculated from readings and measured

densities prio r to lift-off.
'

-

6 Actual quantity, lb

Condition -' 
-l-_- *---1

Fuel Oxidizer Total

Loaded 7072.8 11 3hh.h 18 h17.2

Consu ed 6812.8 10 810.h 17 623.2

Remaining at engine cutoff

Total 260.0 53h.O T9h.

Usable 228.0 hoo.o 628

Supercritical helium.- The quantities of supercritical heliu were

determined by computation utilizing pressure measurements and the known

volu e of the tank.

Cond1tion

Actual Predicted_
Quantity þÿ � lb

Loaded M8.5

Consu ed h2.8

Remainlng at touchdown

. ( 0.8)

' `

5-7 9-3

(7.7)

aAdjustedprediction to account for longer-than-planned firing
duration.

39.2

an

8.
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8 . 11 . 3  Reaction Control System Propellant 

The reacti on control system propellant consumption was calculated 
from telemetered helium t ank pres sure histories using the relationships 
between pressure , volume , and temperature . 

Actual , lb 
Condition Predi cted,  lb 

Fuel Oxidi zer Total 

Loaded 

System A 108 209 
System B 108 209 

Total 216 418 634 633 

Consume d  to 

Docking 260 283 
Impact 378 39 3 

Remaining at lunar impact 256 240 
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8.11.2 Ascent Propulsion System

Propellant.- Ascent propulsion system total propellant usage was

within approximately 1 percent of the predicted value. The loadings in

the following table were determined from measured densities prior to

launch and from weights of off-loaded propellants.

Condition

Actual quantity , lb
Predi cted

Fuel Oxi di zer Total
quantlty þ ÿ  � lb

Loaded 2007.0 3218.2 5225.2

Total consumed 1879 . 0 30111. 0 11893 . 0 11956 .0

Remaining at lunar 128.0 2014.2 332 . 2 265 .8

module je t t i s on

Helium.- The quantities of ascent propulsion system helium were

determined by pressure measurements and the known volume of the tank.

Actual

quantity , lb

Loaded 13 1|

Consumed 8.8

Remaining at lunar module impact 14.6
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8 . 11 . 2  As cent Propulsi on System 

Propellant . - Ascent propulsi on system t otal propellant usage was 
within approximately 1 percent of the predicted value . The loadings in 
the following t ab le were determined from measured dens ities prior to 
launch and from weights of off-loaded propellants . 

Actual quantity , lb 
Predi cte d  

Condition quantity , lb 
Fuel Oxidi zer Total 

Loaded 2007 . 0  3218 . 2 5225 . 2  

Total consumed 1879 . 0  3014 .0  489 3 . 0  49 56 .0  

Remaining at lunar 128 . 0  204 . 2  332 . 2  265 . 8  
module jett i s on 

Heli um . - The quantities of ascent propulsion system helium were 
determined by pressure measurements and the known volume of the t ank .  

Condition 
Actual 

quantity , lb 

Loaded 13 . 4  

Consumed 8 . 8 

Remaining at lunar module impact 4 . 6  

8 - 1 9

8 . 1 1 . 3 R e a c t i o n C o n t r o l S y s t e m P r o p e l l a n t

T h e r e a c t i o n c o n t r o l s y s t e m p r o p e l l a n t c o n s u  p t i o n w a s c a l c u l a t e d

f r o m t e l e m e t e r e d h e l i u  t a n k p r e s s u r e h i s t o r i e s u s i n g t h e r e l a t i o n s h i p s

C o n d i t i o n

F u e l O x i d i z e r

b e t w e e n p r e s s u r e , v o l u  e , a n d t e m p e r a t u r e .

L o a d e d

S y s t e m
S y s t e m

T o t a l

C o n s u m e d t o

R e m a i n i n g l u n a r i m p a c t

T o t a l

A c t u a l , l b

1 0 2 0

1 0 2 0

2 1 1

2 5 6

P r e d i c t e d , l b

2 0

A 8 9
B 8 9

6 M 8 6 3 h 6 3 3

D o c k i n g 2 6 0 2 8 3

I m p a c t 3 7 8 3 9 3

' `

a t
'

_ M
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8 . 11 CONSUMABLES 

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

8 . 11 . 1  Des cent Propulsion System 

Propellant . - The quantities of des cent propuls ion system propellant 
loading in the following t able were calculated from readings and measured 
densities prior to li ft-off . 

Actual quantity , lb 
Condition 

Fuel Oxidi zer Total 

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

Consumed 6812 . 8  10 810 . 4  17 623 . 2  

Remaining at engine cutoff 

Total 260 . 0  5 34 . 0  794 . 0  

Usable 228 . 0  400 .0  628 . 0  

Supercritic al heli um . - The quantities of supercritical helium were 
determined by computation uti li zing pres sure measurements and the known 
volume of the tank . 

Quantity , lb 
Condition 

Actual Predi cte d  

Loaded 48 . 5  

Consumed 42 . 8  39 . 2  

a( 4o . 8 ) 
Remaini ng at touchdown 5 . 7  9 . 3  

a( 7 . 7 ) 
a

Adj usted predicti on to account for longer-than-planned firing 
duration . 
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8.ll.h Oxygen

The oxygen tank was not loaded to the nominal 2730 psia used for

previous missions because of a possible hydrogen embrittlement problem
with the descent stage oxygen tank. Launch pressure for the tank was

h2.3

' 2.h
2 2.h

hT.1

23 9 23 9

an 1nd1cated 2361 ps1a

Cond1t1on

Loaded (at 11fn off)

Descent stage
Ascent stage

Tank l

Tank

Total

Consu ed

Descent stage
Ascent stage

Tank l

Tank 2

Total

Remaining in descent stage at

lunar lift-off

Remaining at docking

Tank l

Tank 2

Total

Actual Predicted

quantity, lb quantity, lb

(a)
O

lT.h

(a)
2.h

aConsumables data are not available because the tank

transducer malfunctioned before launch.

1

O

M

3
M

T

pressure
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Apollo 15 , the shades will be fabricated to permit them to be rolled 
s mall enough to be held securely by the retainers . 

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

8 . 10 EXTRAVEHICULAR MOBILITY UNIT 

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

Preparations for the first extravehicular activity proceeded on 
s chedule with few exceptions . The delay in starting the firs t extra­
vehicular activity occurred while the portable life s upport s ystem power 
was on, resulting in battery power being the limiting consumable in de­
termining the extravehicular stay time . 

Oxygen consumption of the Lunar Module Pilot during the first extra­
vehicular activity was one-third higher than that of the Commander . Tele­
metry data during the Lunar Module Pilot ' s  suit integrity check indicated 
a pressure decay rate of approximately 0 . 27 psi/min ; a rate of 0 . 30 ps i/ 
min is allowable. In preparation for the second extravehicular activity , 
s pecial attention was given to cleaning and relubricating the Lunar Module 
Pilot' s pressure garment ass embly neck and wris t ring s eals in an effort 
to lower the extravehicular mobility unit leak rate. A 0 . 22 ps i /min pres ­
s ure decay rate was reported by the Lunar Module Pilot prior to the s econd 
extravehicular activity. Postflight unmanned leak rate tes ts on the Lunar 
Module Pilot ' s  press ure garment ass embly s how no significant increase in 
�ak�e. 

Jus t prior to lunar module cabin depress urization for the s econd 
extravehicular activity , the Lunar Module Pilot reported a continuous 
force in his right extravehicular glove wrist pulling to the left and 
down. A more detailed discuss ion is given in s ection 14. 3. 2 .  The ex­
travehicular activity s tarted and was completed without any reported 
di fficulty with the glove. 

are b

8.11.5 Water

In the following table, the actual quantities loaded and consumed

ased on telemetered data.

Condition
Actual Predicted

quantity, lb quantity, lb

Loaded (at lift-eff)

Descent stage 255.5
Ascent stage

Tank l h2.5
Tank 2 h2.5

Total 3hO.5

Consumed

Descent stage (lunar lift-effj 200.9 190
Ascent stage (docking)

Tank l 6.0 6

Tank 2 5.8 6

Total 212.7 203

Ascent stage (impact)
Tank l lh M -

Tank 2 114 9 -

a'Total 230 2 -

Remaining in descent stage at 5h.6 59 l

lunar lift-off

Remaining in ascent stage at

impact

Tank l 28 -

Tank 2 27 -

Total 55 -

aConsumedduring flight, both stages.
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actual and predicted performance during the as cent maneuver.  The dura­
tion of engine firing for lunar as cent was approximately 432 seconds , 
and for terminal phas e  initiation , 3 to 4 seconds . A more precise esti­
mate of the terminal phas e  initiation firing time is  not avai lable be­
caus e the firing occurred behind the moon and no telemetry data were 
received. System pres sures were as expected both before and after the 
terminal phas e  initiation maneuver and crew reports indi cate that the 
maneuver was nominal . 

No os cillations were noted during flight in either helium regulator 
outlet pressure measurement . O s cillations in the outlet pressure of 
6 to 19 psi have been noted in previ ous flight data.  Als o ,  os cillations 
of a si�ilar nature and approximately twice that magnitude were noted 
during preflight checkout of the as cent propuls ion system class I second­
ary helium regulator. However , during flight , control i s  maintaine d ,  
normally , by the class I primary regulator . 

8 . 9 ENVIRONMENTAL CONTROL AND CREW STATION 

Performance of the environmental control system was satis factory 
throughout the mis s i on . Glycol pump noise , a nuis ance experi enced on 
previous mis s i ons , was reduced below the annoyance level by a muffler 
on the pump system . Although the water separator speed was higher than 
expected much of the time , the separator removed water adequately and 
there were no problems with water condens ation or cabin humidity . 

Because of  water in the s uit loop on Apollo 12 ( re f .  1 ) , a flow re­
strictor had been installed in the primary lithium hydroxide cartridges 
to reduce the gas flow in the s uit loop an d ,  thereby , reduce water sep­
arator speed below 3600 rpm. ( Separator speed is a function of the water 
mass to be s eparated and the gas flow . ) However , the water separator 
speed was above 3600 rpm while the s uit was operated in the cabin mode 
(helmets and gloves remove d ) . The high speed when in the cabin mode re­
sulted from low moisture inputs from the crew ( approximately 0 . 14 lb /hr )  
an d  a high gas flow cause d  by low back pres sure wh ich , i n  turn , developed 
from a low pressure drop across the s uit . 

During preparations for the fi rst extravehi cular activity , 
fer hos e on the urine collection trans fer as sembly was kinked.  
was eliminated by moving the hos e to a di fferent position . 

the trans­
The kink 

The crew repeatedly h ad trouble getting the lunar module forward 
window shades to remain in  their retainers . The shades had been proces sed 
to  reduce the curl and prevent cracking , a problem experienced on previous 
flights . In re ducing the curl , the diameter of the rolled shades was in­
cre as ed so that the shades would not fit securely in the retainers . For 
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8.11.6 Electrical Power

The total battery energy usage is given in the following table

Preflight predictions versus actual usage were within 3 percent.

Available Electrical power consumed, A-h

Batteries power, - - - - - - - - - - - - - - - - -

A-h Actual Predicted

Descent 1600 1191 1220

Ascent 592 128 125
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after ignition , and was most probably triggered by the point sens or in 
oxi di zer tank 2 .  Engine cutoff oc curred 53 seconds after the low-level 
signal , i ndi cating a remaining firing-time-to-depleti on of 68 seconds . 
Using probe dat a to calculate remaining firing time gave approximately 
70 seconds rema1n1ng . This is within the accuracy associ ated wi th the 
propellant quantity gaging system. 

The new propellant slosh baffles installed on Apollo 14 appear t o  
b e  effective . The propellant slosh levels present on Apollo 1 1  and 12 
were not observed in the special high-sample-rate gaging system data of 
this mission . 

8 . 8  ASCENT PROPULSION 

The as cent propulsion system duty cycle consisted of two firings -­

the lunar as cent and the terminal phas e  initiat i on . Performance of the 
system for both firings was s atis factory . Table 8-VI is a summary of 

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

10 se conds af'ter ignition 4oo s e conds af'ter ignition 
Parame ter 

Predi cteda Measuredb Predicted8 Measuredb 

Regulator outlet pressure , psi a 184 182 184 181 

Oxidizer bulk temperature , O F  70 .0 69 . 4  69 .0 69 . 4  

Fuel bulk temperature , OF 70 .0 69 . 8  69 . 8  69 . 4  

Oxi dizer interface press ure , ps ia 170 . 5  168 169 . 7  167 

Fuel interface pressure , ps i a 170 . 4  169 169 . 7  167 

Engine chamber pressure , p s i  a 123. 4 121 12 3 . 2  120 

Mixture rat io 1 . 607 - 1 . 598 -

Thrus t ,  lb 3502 . - 3468 . -

Spec i f i c  impulse , sec 310 . 3  - 309 .9 -

�reflight prediction based on acceptance test data and as suming nomi nal system per�ormance . 
bActual flight data vith no adjus tments . 

8.11.7 Extravehicular Mobility Unit
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Oxygen, feedwater and power consumption of the extravehicular mobil

ity unit for both extravehicular periods are shown in the following table

 ;, 1~l 

Com ander Lunar Module Pilot

Condition þÿ�"�"�"�" ��` ��"�" ��' � ��" ��'�-�-�* � ��-�* � ��-�"�-�*�~

Actual Predicted Actual Predicted

First extravehicular activity

Time, min 288 255 288 255

Oxygen, lb

Loaded 1.31 1.31 1.31 1.31
Consumed 0.70 0.97 1.02 0.97
Remaining 0.61 0.3M 0.29 0.3h

Feedwater, 1b

Loaded 8.59 8.55 8.66 8.55
Consmned h.85 7.08 5.71 7.08
Remaining 3.7M 1.h7 2.95 1.h7

Power, W-h

Initial charge 282 282 282 282
Consmned 228 223 237 223

Remaining 5h 59 h5 59

Second extravehicular activity

Time. min 275 255 275 255

Oxygen, lb

Loaded 1.26 1.31 1.26 1.31
Cons med 0.86 1.02 0.96 1.02

Remaining o.ho 0.29 0.30 0.29

Feedwater, lb

Loaded

Consmned

Rema1n1ng

Power, W-h

Initial charge 2 2

Consumed _ 22

2 2

22

2 2

222

2 2

22

a8.8o 8.55 a8.8o 8.55

L a6.h3 7-55 a7.13 7.55
` `

7 2.37 1.0 1.67 1.0

8 8 8 8

5 5 5

Remaining 57 57 60 57

aEstimate based on extravehicular mobility unit source heat pre-
dictions because portable life support system feedwater weight was

not taken following the second extravehicular activity.
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The abort guidance system funct i oned properly until the braking 
phas e  of the rendezvous with the command and service module when a fail­
ure caus ed the system to be down-moded to the standby mode and resulted 
in the loss of this system for the remainder of the mis s ion . Another 
anomaly reported was a crack in the glas s wi ndow of the addres s  register 
on the data entry and displ� as s embly .  These anomalies are dis cus sed 
in sections 14 . 2 . 5  and 14 . 2 . 6, respectively . 

8 . 7  DESCENT PROPULSION 

The descent propulsion system operati on was satis factory . The engine 
transients and throttle response were normal . 

8. 7 . 1  Inflight Performance 

The durati on of the powered des cent firing was 764 . 6  s econds . A 
manual throttle-up to  the full throttle pos ition was accompli shed approx­
imately 26 seconds after the engine-on command. The throttle-down to 
57 percent occurred 3 81 s econds after igniti on , about 14 s econds earli er 
than predi cted but within expected tolerances . Three seconds of the 1 4  
are attributed to the landing site offs et t o  correct for the downrange 
error in actual traj e ctory , and the remai ning ll s econds to a thrust in­
cre as e  of approximately 80 pounds at the full-throttle position . 

8 . 7 . 2  System Pressuri zation 

During the peri od from li ft-off to 104 hours , the oxidi zer tank ull­
age pres sure decayed from lll to 66 ps ia and the fuel t ank ull age pres­
sure decreased from 138 to lll psia.  Thes e decays resulted from helium 
abs orption into the propellants and were within the expected range . 

The supercriti cal helium system performed as anti cipated. The sys­
tem pressure ri se rates were 8 . 0  psi /hour on the ground and 6 . 2  psi /hour 
during trans lunar coast , which compare favorably with the prefli ght pre­
dicted values of 8 . 1  psi /hour and 6 . 6  ps i /hr , respectively . During pow­
ered des cent , the supercriti cal helium system pressure profile was well 
within the nominal ±3-sigma pres sure band , even though the pres sure at 
ignition was ab out 50 psi lower than anti cipated.  

8 . 7 . 3  Gaging System Performance 

The gaging system performance was s atis factory throughout the mis­
: i on .  The low-level quantity light came on approximately 711 s econds 
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Apollo 114 flight crew

Commander Alan B. Shepard, Jr. (center), Command Module Pilot Stuart A. Roosa. (left),
and Lunar Module Pilot Edgar D. Mitchell
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Figure 8-3 . - Comparison of altitudes computed by abort and 
primary guidance systems during descent. 
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While on the lunar surface , a test was performed to compute gravity 
using primary guidance system accelerometer data. The value of gravity 
was determined to be 162 . 65 cm/sec2. 

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

Performance throughout rendezvous, docking, and the deorbit maneuver 
was also nominal. The velocity change imparted to the lunar module at 
jettison was minus 1 . 9 4 ,  minus 0 . 0 5 ,  and minus 0 . 10 ft/sec in the X ,  Y ,  
and Z axes, respectively . 

9.0 PILOT'S REPORT

9-1

The Apollo lk mission expanded the techniques and overcame some of

the operational limitations of previous lunar landing missions. Specific
differences included performing onboard cislunar navigation to simulate

a return to earth with no communications, using the service propulsion
system for the descent orbit maneuver, landing in the lunar highlands,
extending the lunar surface excursion time and making a lunar-orbit ren-

dezvous during the first revolution of the spacecraft. The detailed

flight plan, executed in its entirety, was used as a reference for the

activities of the pilots during the mission (fig. 9-l, at end of section)

9.1 TRAINING

The formal training for this crew was conducted over a time span of

20 months in general accordance with the schedules used for previous
missions. The training equipment and methods were concluded to be ex-

cellent and are recommended for subsequent crews essentially unchanged.
Although none of the crew members had completed actual flight experience
in the Apollo program, each of the pilots felt that he was completely
ready for all phases of the flight.

9.2 LAUNCH

The countdown proceeded on schedule with no problems encountered

in the area of crew integration or ingress. The general condition of

the crew station and displays was excellent. The crew was kept well

informed of the nature of the launch delay and was apprised of launch

azimuth change procedures; accordingly, that phase went smoothly. The

Commander noted no visible moisture on windows 2 and 3 either prelaunch
or during atmospheric flight. The proprioceptive cues reported by
earlier crews were essentially unchanged during
No communication difficulties were noted during
slight longitudinal oscillation occurred during
starting at 8 minutes ho seconds and continuing
launch profiles flown during preflight training

the launch of Apollo lk.

the launch. A very
second stage flight
through shutdown. The

on the dynamic crew pro-
cedures simulator and the command module simulator were more than ade-

quate for crew preparation.
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of an unwanted abort , a work-around procedure was developed by ground 
pers onnel and was relayed to the crew for manual entry into the lunar 
module computer.  Part one of the four-part procedure was entered into 
the computer j ust  after  the final attitude maneuver for powered des cent . 
The remainder was accomplished after the increas e to the full-throttle 
pos ition . Part one cons isted of loading the abort stage program numbe r 
into the mode register in the erasable memory which is us ed to monitor 
the program number displayed to the crew . This di d not caus e the active 
program to change , but it di d inhibit the computer from checking the 
abort command status bit . At the s ame time , it inhibited the automati c 
command to full-throttle positi on , automatic  guidance steering , and it 
affected the processing of  the landing radar data . There fore , in order 
to reestablish the des ired configuration for des cent , the increas e to 
full-throttle position was accomplished manually and then the s econd , 
third , and fourth parts of the procedure were entered into the compute r .  
I n  order , they accomplished : 

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

b .  Resetting a status bit whi ch dis abled the abort programs 

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

The abort capability of the primary guidance system was lost  by use of  
this procedure . Therefore , it would have been neces s ary to us e the abort 
gui dance system i f  an abort situation had arisen.  

Prior to powered des cent maneuver ignition , the landi ng radar s cale 
factor switched to low , which prevented acquis ition of  data through the 
first 400 seconds of  des cent . ( For further di s cus sion , refer to  s ec­
tion 14 . 2 . 4 . ) The crew cycled the radar ci rcuit breaker , which res et 
s caling to the high s c ale , and landing radar lock-on occurred at 22  486 
feet . Figure 14-22 is  a plot of s lant range as measured by landing radar 
and as computed from primary guidance system state vectors . Figure 8-3 
is a plot of altitudes computed by the abort and primary gui dance systems 
and shows a 3400-foot update to  the abort guidance system at the 12 000-
foot altitude . 

Throttle oscillations that had been noted on previous flights were 
not detected during the des cent although s ome os cill at ion in the auto­
matic  throttle command was detected after des cent engine manual shutdown . 
The reaction control sys tem propellant consumption during the braking 
phase and approach phas e  programs was approximately half that s een on 
previous mis s i ons . Further dis cus s i on of these  two areas will be pro­
'ided in a supplement to this report . 
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9.3 EARTH ORBIT

This crew had placed special emphasis on suited training periods
in the command module simulator for this particular phase. The space-

craft system checks and unstowage of equipment were performed slowly
and precisely coincident with the process of familiarization with the

weightless state. No anomalies or difficulties were noted.

The Command Module Pilot noted that, although he had heard the

optics cover jettison, there was no debris, and a finite period of sev-

eral minutes of dark-adaption was required to permit viewing of stars

through the telescope. The extension of the docking probe is mentioned

here only to indicate that it was extended on schedule, per the check-

list, with no problems noted from either audio or visual cues.

9.h TRANSLUNAR INJECTION

The delay in launch produced off-nominal monitoring parameters with

the second S-IVB firing. These updates were forwarded smoothly and in

a timely fashion so that all preparations for the injection were normal.

Attitude control of the S-IVB was excellent and right on schedule. The

ignition was on time, positive, and without roughness. The guidance
parameters comparison between the command module computer and the in-

strumentation unit was very close. A very light vibration or buzz was

noted toward the end of the powered phase, and is mentioned only to in-

form future crews as to a resonance reference point. The state vector

conditions at cutoff were excellent and the tanks vented on schedule.

The Commander and Command Module Pilot changed couch positions in accord

ance with the flight plan.

9.5 TRANSLUNAR FLIGHT

9.5.1 Transposition and Docking

The physical separation from the S-IVB closed two propellant iso-

lation valves on the service module reaction control system. These

were immediately reset with no problems. The entry monitor system was

not used as a reference during any portion of the transposition and

docking maneuver. The plus-X thrusting on separation and the initial

thrusting to set up a closing velocity were performed using the event

timer.
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TABLE 8-V. - S�UENCE OF EVENTS DURING POWERED DESCENT 

Elaps ed time Time from 
from 1i ft-off , i gnition , 

hr :min : sec min : s ec 

10 7 : 51 : 1 8 . 66 -11 : 07 . 86 
107 : 52 : 46 . 66 -9 : 39 . 86 

107 : 57 : 3 4 . 66 - 4 : 51 . 86 
107 : 5 8 : 13 . 80 -4 : 12 . 72 

108 : 02 : 19 . 12 -0 : 07 . 40 
108 : 02 : 26 . 52 0 : 00 .00  
10 8 : 02 : 53 . 80 +0 : 27 . 28 

108 : 04 : 49 . 80 +2 : 2 3 . 28 
108 : 08 : 47 . 68 +6 :21 . 16 
108 : 08 : 50 . 66 +6 :24 . 14 

108 : 09 : 10 . 66 +6 : 44 . 14 
108 : 09 : 12 . 66 +6 : 46 . 14 
108 : 09 : 35 . 80 +7 : 09 . 28 
108 : 11 : 09 . 80 +8 : 43 . 28 
108 : 11 : 10 . 42 +8 : 43 . 90 
108 : 11 : 51 . 60 +9 :25 . 0 8  
108 : 11 : 52 . 66 +9 : 26 . 14 
108 : 13 : 07 . 86 +10 : 41 . 34 
10 8 :  13 : 09 . 80 +10 : 43 . 28 
108 : 15 : 09 . 30 +12 : 42 . 78 
108 : 15 : 11 . 13 +12 : 44 . 6 1  

108 : 15 : 11 . 40 +12 : 44 . 88 

Event 

Landing radar on 
Fals e data good indicati ons from 

landing radar 
Landing radar switched to low scale 
Start loading ab ort bit work -around 

routine 
Ullage on 
Ignition 
Manual throttle-up to full throttle 

pos iti on 
Manual target update ( N69 ) 
Throttle down 
Landing radar to high scale ( circuit 

breaker cycle ) 
Landing radar velocity data good 
Landing radar range data good 
Enab le alti tude updates 
Select approach phase program ( P64 )  
St art pitch ove r 
Lan ding radar rede signat i on enab le 
Landing radar antenna to pos ition 2 
Select atti tude hold mode 
Sele ct landing phas e program ( P66 ) 
Le ft pad touchdown 
Engine shut down ( decreasing thrust 

chamber pressure ) 
Right , forward, and aft pad touchdown 
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Several attempts were required before docking was successfully
achieved. [Editor's note: Six contacts were made and these are referred

to as six "docking attempts" in other sections of the report. The pilots
considered the first two contacts to be one attempt.] The first attempt
was made at a closing velocity of approximately 0.1 to 0.2 ft/sec. At

contact, the capture latches did not lock with the drogue. Plus-X thrust

was used to drive the probe back into the drogue, but again, capture was

not achieved. All switches and circuit breakers were verified by the

checklist and another docking attempt was made with a closing velocity
of approximately 1.0 ft/sec. The latches again failed to capture on this

pass. The procedures were verified with Houston and the docking probe
switch was placed to extend, then back to retract (the talkbacks were

verified gray in both positions). On the third attempt, plus-X thrust

was held for approximately M seconds after drogue contact, but the latches

failed to capture. Three prominent scratches, approximately 2 inches long
and spaced 120 degrees around the drogue, were noted at this time and

Houston was informed. The scratches started near the hole in the drogue
and extended radially outward. The docking probe switch was placed to

extend-release for 5 seconds, then back to retract; the talkbacks were

verified gray in both positions. Another attempt was made using normal

procedures, and again, no capture was achieved. On the fifth and final

attempt, the probe was aligned in the drogue and held with plus-X thrust.

The primary l retract switch was actuated, and approximately M to 5 sec-

onds later, the talkbacks went barberpole, then gray, and the docking
ring latches were actuated by the lunar module docking ring. The post-
docking procedures were performed using the normal crew checklist and the

locking of all twelve latches was verified.

Immediately upon lunar module ejection, a maneuver was started to

view the S-IVB. As soon as the S-IVB was in sight, Houston was notified.

An S-IVB yaw maneuver was then commanded in preparation for the auxiliary
propulsion system evasive maneuver. Both the auxiliary propulsion system
evasive maneuver and the propellant dump of the S-IVB were visually moni-

tored. The S-IVB was stable when last viewed by the crew.

The probe and drogue were removed during the first day for examin-

ation and checkout using the crew checklist and procedures provided by
the Mission Control Center. The probe functioned properly at that time.

_

9.5.2 Translunar Coast

A clock update was performed at approximately 55 hours to compensate
for a weather hold of approximately ho minutes during the launch count-

down. This procedure was an aid to the Command Module Pilot while in

lunar orbit because it eliminated the need for numerous updates to the

Command Module Pilot's solo book.



TABLE 8-II I . - GUIDANCE SYSTEMS ALIGNMENT COMPARISON 

Primary minus abort system 

Time of ali gnment Alignment error ( degrees ) 

X y z 

103 : 54 : 44 . 99 0 . 000 0 . 003 0 .014 

10 4 : 04 : 45 . 9  0 . 061 0 . 030 0 . 002 

104 : 3 4 : 45 . 2  0 . 000 0 . 00 7  0 . 003 

109 : 2 8 : 36 -0 . 002  0 . 0 34 0 . 000  

141 : 15 : 25 . 2  0 . 000  0 . 002 0 . 001  

al41 : 45 : 29 . 2  0 .010 0 . 003 0 .0 18 

a
Systems aligned independently . Actual time 
of abort guidance system alignment was 
141 : 18 : 35 . 2 .  

TABLE 8-IV. - ABORT GUIDANCE SYSTEM CALIBRATION COMPARISONS 

Three-s igma 
Actual gyro drift rate , 

Cali brat ions capabili ty 
deg/hr 

estimate X axis y axis z axis 

First inflight minus pre- ±0 . 91 0 . 08 -0 . 07 -1 . 2  
installation 

Second inflight minus fi rst ± 0 . 63 -0 . 01 0 . 23 0 . 26 
inflight 

Fi rst surface minus second ±0 . 56 -0 . 0 2  -0 . 0 8  -0 . 43 
in flight 

Second surface minus first ±0 . 55 0 . 0 -0 . 0 8  -0 . 21 
surface 
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9.5.3 Midcourse Correction

Two midcourse corrections were performed during the translunar coast

phase. The first midcourse correction was performed at the second option
point and placed the spacecraft on a hybrid trajectory. The maneuver was

performed under control of the guidance and control system with residuals

of plus 0.2, zero, and minus 0.1 ft/sec. The second midcourse correction

was performed at the fourth option point and was targeted for a velocity
change of h.8 ft/sec. It was a service propulsion system maneuver per-
formed under control of the guidance and control system. The residuals

were plus 0.3, zero, and minus 0.l ft/sec.

9.6 LUNAR ORBIT INSERTION

Residuals resulting from the lunar orbit insertion maneuver were

plus 0.3, zero, and zero ft/sec. The firing time was within l second

of the pad valuea. The only unexpected item noted during this maneuver

was the operation of the propellant utilization and gaging system. The

preflight briefings on the system indicated that, at crossover, the un-

balance meter would oscillate and then settle out in the l00 to 150 in-

crease position. At crossover, during the actual maneuver, the unbalance

meter went from its decrease position smoothly up to approximately zero.

It was controlled about the zero point using the increase and normal

positions of the switch.

9.7 DESCENT ORBIT INSERTION

On Apollo lk, for the first time, the descent orbit insertion

maneuver was made with the service propulsion system. The command mod-

ule computer indicated a l0.h- by 58.8-mile orbit after the maneuver.

The Network indicated a 9.3- by 59.04nile orbit. The firing time observ-

ed by the crew was 20.6 seconds. Pad firing time was 20.8 seconds. The

maneuver was controlled by the guidance and control system with command

module computer shutdown. Immediately after the descent orbit insertion

maneuver, the spacecraft was oriented to an attitude from which an abort

maneuver could have been performed if required, and shortly after acqui-
sition of signal, Houston gave a "go" to stay in the low orbit. Pad

firing time was the crew monitoring shutdown criteria. This technique
virtually eliminated the possibility of an unacceptable overspeed.

aPad values are the voice-updated parameter values used to perform
a maneuver.



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

(a) Accelerometers 

Inflight performance 

Sample Standard Number Countd.o\l'n Flight Error 
mean deviation of value load Power-up 

Surface 
Li ft-off to samples to landing pover-up rende.zvous 

to l i ft-off 

X - Scale factor error , 
ppm -895 36 6 -922 -950 - - -

Bias , r:JJJ/sec 
2 

1 . 27 0 . 0 5  6 1 . 26  1 . 30 1 . 27 1 . 38 1 . 36 

y - Seal� factor error, 
ppm . -1678 79 9 -1772 -1860 - - -

Bias , em/see 
2 

1 .63 0 .03 9 1.61 1 . 6 5  1 . 62 l .  74 1 . 71 

z - Scale factor error, 
ppm -637 25 6 -643 -670 - - -

Bias , em/sec 
2 

1 . 39 0.02 6 1 . 41 1 . 39  1 . 35 1 . 46 1 . 45 

( b )  Gyroscopes 

Semple Standard 
Number 

Countdo\lll Flight Inflight Error of 
mean deviation 

samples value load performance 

X - Null bias drift, meru 0 . 8  o .  4 6 o . o  0 .9 -1 . 9 

Acceleration drift , spin reference 
axis , meru/g 0 . 2  0 . 8  6 1 . 1  0 -

Accelerat i on  drift , input 
axis , meru/ g 4 . 0  2 . 8  6 2 . 9  3 . 0  -

y - Null bias dri ft. , meru - 2 . 8  0 . 6  6 - 3 . 6  -2 . 7  0 . 3  

Acceleration dri ft ,  spin reference 
axis , men.t/g 3 . 0  1 . 3  6 4 . 5  3 . 0  -

Acceleraticm drift , input 
axis , meru/ g -9.6 4 . 0  12 - 7 . 5  -12 . 0  -

z - llull bias drift, meru - 1 . 1  0 . 9  6 - 1 . 1  -0 . 3  -0 . 5  

Acceleration drift , spin reference 
axis , meru/ g 4 . 5  0 . 4  6 4 . 5  5 . 0  -

Accele ration drift , input 
axis , m.eru/ g 5 . 8  1 . 4  6 7 . 2  6 . 0  -
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9.8 LUNAR MODULE CHECKOUT

The checkout of the lunar module was conducted in two phases -

the first during translunar coast and the second on the day of the de-

scent. Pressure readings, prior to entering the lunar module, indicated

that the lunar module had a low leakage rate. Power transfer to the

lunar module occurred at 6l:hl:ll. The only anomaly was a slightly low

voltage reading on battery 5. There were about five or six very small

screws and washers floating around upon ingress. During this period,
16-mm motion pictures were made ofia command module waste water dump.
Some additional housekeeping and equipment transfer served to reduce the

workload on descent day. Power was transferred back to the command mod-

ule at 62:2O:h2.

The second lunar module checkout was accomplished on the same day
as powered descent initiation. Two checklists, one for each pilot, were

used to speed up the activation process. The Commander and the Lunar

Module Pilot both suited in the command and service module prior to in-

travehicular transfer, but all equipment had been located the night be-

fore to assure that this would be a timely and successful process. An

electrode problem with the Lunar Module Pilot's biosensors made this

period full with no extra time available. The window heaters were used

to clear s me condensation found after ingress. The probe and drogue
were installed and checked with no problem. Prior to reaction control

system pressurization, the system A main shutoff valve clicked during
recycle, indicating that it was probably closed at that time.

The remainder of the activation proceeded without incident until

separation. Subsequent to separation, the checkout of the lunar module

systems continued with only two additional problems bec ming evident.



TABLE 8-I . - LUNAR MODULE PLATFORM ALIGNMENT SUMMARY 

Time , Type Ali gnment mode Teles gope Star angle Gyro torquing angle , deg 
hr :min alignment b detent /star di fference, 

Option a Techni que used deg X y 

102 : 58 Docked al i gn me nt 0 . 009 0 . 029 

105 :09 P52 3 NA 2/22 ; 2/16 0 . 0 4  0 . 030 -0 . 0 38 

105 :27 P52 3 NA -- -- - 0 . 097 0 . 062 

109 : 17 P57 3 1 HA NA 0 .03 -0 .016 0 .015 

109 :46 P57 3 2 '2 /31 ; 6/00 0 . 02 -0 . 041 0 . 003 

110 :05 P57 3 2 2 /26 ; 6/00 -0 . 0 7  0 . 018 0 .047 

129 : 56 P57 4 3 -- -- 0 . 01 0 . 044 0 . 069 
141 : 5 3  P57 4 3 -- -- 0 . 02 0 . 119 0 . 135 

al - Preferred ;  2 - Nomi nal ; 3 - REFSMMAT ; 4 - Landing site . 
bo - Anytime ; 1 - REFSMMAT plus g; 2 - Two bodies ; 3 - One boey plus g .  

01 - Le ft  front ; 2 - Front ; 3 - Right fron t ;  4 - Right rear ; 5 - Rear ; 6 - Le ft  rear. 

Star names : 

00 Pollux 
16 Procyon 
22 Regulus 
26 Spica 
31 Arcturus 

z 

-0 . 052 

0 .028 

0 .013 

-0 . 113 

- 0 . 0 54 

-0 . 121 

-0 . 46 

-0. 349 

Gyro dri ft , 

X y 

-0 . 5  -1 . 5  
- -

-1 . 5  2 . 0  
- -

1 . 0  -0 . 1  
- -

- -

-0.7 -0. 8  

meru 

z 

-2 . 8  

-

-0. 6  

-

- 1 . 4  

-

-

- 1 . 9  

co 
I 

-.l 
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advised of an abort discrete being set in the lunar module guidance com-

puter with the abort button reset. The crew did not participate signifi-
cantly in solving this problem except to follow the instructions given
by the Mission Control Center. The remainder of the lunar module check-

out was nominal up to the point of powered descent initiation.

9.9 POWERED DESCENT

The primary guidance computer was used to select the descent pro-

gram for an initial ignition algorithm checka about 50 minutes prior to

actual ignition. The computer was also targeted for a no-ignition abort

at this time. Final systems checks and switch settings were then made

and the abort guidance system was initialized to the ground state vector

(which had been uplinked 30 minutes prior to ignition). The anomalies

present at this time included the computer abort bit problem and the

S-band steerable antenna malfunction. To assure continuous communica-

tions, a decision was made to use omnidirectional antennas during powered
descent.

The descent program was reselected in the primary computer at igni-
tion minus 10 minutes and a final attitude trim was completed about 5 min

utes later. The first computer entry, to inhibit the abort com and, was

made just after final trim. The remaining entries were made after igni-
tion. Both the ullage and the ignition were automatic and occurred on

time. The engine was throttled-up manually by the Commander 26 seconds

after ignition. The throttle was returned to the idle position after

the computer entries had been completed, at about l minute 25 seconds

into the firing. The computer guidance was initialized, by manual key-
board entry, about M2 seconds after ignition. A landing point target
update of 2800 feet downrange was entered manually about 2 minutes l5 sec
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shi ft in these measurements at the t ime of system pres suri zat i on will not 
affect future mis s i ons . ( See appendix A ,  section A . 2 . 3 , for a des crip­
tion of changes made s ubs equent to Apollo 13 . ) 

8 . 6  GUIDANCE , NAVIGATION , AND CONTROL 

At approximately 102 hours , the primary gui dance sys tem was turned 
on , the computer di gital clock was ini ti ali zed ,  and the platform was 
aligned t o  the command module plat form . Table 8-I is  a summary of the 
primary gui dance plat form alignment data . The abort guidance system was 
turned on at 102 hours 40 minutes and the attitude reference aligned to 
the lunar module plat form . Table 8-II  is a summary of inerti al measure­
ment unit component errors measured prior to launch and in flight . The 
abort guidance sys tem was aligned to the primary gui dan ce system six 
times , but data were avai lable for only five , and are shown in table 
8-II I .  Als o shown in t able 8-III  are dat a  from the independent alignment 
of the abort system performed in preparat i on for lunar li ft-off . The 
abort guidance system had been aligned t o  the gravity vector and an azi­
muth angle suppli ed by the ground .  Twenty-seven minutes later , j us t  be­
fore li ft-off , the abort system compared well with the primary system 
which had been inert i ally aligne d to the predicte d  local vertical orien­
tat i on for lift-off . 

The performan ce of the abort s ens or as sembly of the abort gui dance 
system was not as good as on previ ous mis s i ons but was with in allowable 
limits . The accelerometers exhibited stable performance , but the Z-axis 
gyro dri ft rate change of 1 . 2  degrees per hour from the prelaunch value 
was about 30 percent greater than the expected shi ft . The expected and 
the actual shi fts between preflight values and the first inflight cali­
bration , and shi fts between subsequent inflight calib rati ons are shown 
in t able 8-IV. 

Table 8-V is a sequence of events prior to and during the powered 
des cent to the lunar surface . A command t o  abort us ing the des cent en­
gine was detect ed at a computer input channel at 10 4 : 16 : 07 (but was not 
obs erved at other telemetry poi nts ) although the crew had not depres sed 
the abort switch on the panel . The crew executed a procedure us ing the 
engine stop switch and the abort swit ch whi ch is olated the fai lure to  
the abort switch . Sub sequently , the command reappeared three more t imes ; 
each t ime , the command was removed by t apping on the panel near the abort 
switch . ( For a dis cuss ion of the probable cause of this failure , see 
sect i on 14 . 2 . 2 . ) 

If the abort command is pres ent after starting the powered des cent 
programs , the computer automati cally switches to the abort programs and 
the lunar module is guided to an abort orbit .  To avoi d the pos s ibility 
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radar update precluded such action. The abort guidance system followed

the primary system very closely during the period prior to landing radar

update. There was, therefore, only a single altitude update to the

abort system. This update was made at an altitude of l2 000 feet. There

was no abnormal divergence of the abort guidance system through the re-

mainder of the landing phase.

The landing program of the primary computer was entered 8 minutes

hh seconds after ignition and at an altitude of about 8000 feet. The

vehicle pitched down, as expected, and the lunar surface was readily
visible. The target landing point was recognized immediately by the

Commander without reference to the computer landing point designator.
The unique terrain pattern contributed to this successful recognition,
but the determining factor was the high fidelity of the simulator visual

display and the training time associated with the device. The first com-

parison of the landing point designator showed zero errors in cross range

and down range. A redesignation of the target point 350 feet to the

south was made at an altitude of about 2700 feet to allow a landing on

what had appeared to be smoother terrain in the preflight studies of

charts and maps. Several cross references between the target and the

landing point designator were made until an altitude of about 2000 feet

was reached, and good agreement was noted. At some altitude less than

l5O0 feet, two things became apparent
- first, that the redesignated

(south) landing point was too rough and, second, that the automatic land-

ing was to occur short of the target.

The manual descent program was initiated at an altitude of 360 feet

at a range of approximately 2200 feet short of the desired target. The

lunar module was controlled to zero descent rate at an altitude of about

lT0 feet above the terrain. Translation maneuvers forward and to the

right were made to aim for the point originally targeted. Although this

area appeared to be gradually sloping, it was, in general, smoother than

the ridge south of the target. The fact that no dust was noted during
the translation was reassuring because it helped corroborate the primary
computer altitude. Velocity on the cross pointer was about ho ft/sec
forward at manual takeover and this was gradually reduced to near-zero

over the landing point. A cross velocity of about 6 ft/sec north was

also initiated and gradually reduced to zero over the landing point. The

cross pointers (primary guidance) were steady and their indications were

in good agreement with visual reference to the ground. Control of the

vehicle in primary guidance attitude-hold mode and rate-of-descent mode

was excellent at all times. The use of the lunar landing training ve-

hicle and the lunar module simulator had more than adequately equipped
the pilot for his task. It was relatively easy to pick out an exact

landing spot and fly to it with precise control.

Blowing surface dust was first noted at an altitude of ll0 feet, but

this was not a detrimental factor. The dust appeared to be less than
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electron readout beam in the televis ion tube and , consequently , a degrada­
tion of resolut i on .  The high-temperature condition was caused by operat­
ing the c amera for about l hour and 20 minutes while it was within the 
thermal environment of the closed modular equipment stowage assembly . The 
camera was turned off between the extravehicular periods to allow cooli ng . 
Picture resolution during the s econd extravehicular activity was s atisfac­
t ory . 

The VHF system performance was 
through terminal phas e  initiation .  
i n  sections 7 . 4  and 14 . 1 . 4 . 

8 . 4  

poor from prior t o  lunar li ft-off 
This prob lem is dis cussed in detail 

RADAR 

The landing radar self-test was performed at 10 5 hours 44 minutes , 
and the radar was turned on for the powered descent about 2 hours later . 
Four minutes fi fty seconds prior to powered descent initiation ,  the radar 
changed from high- to low-s cale . At that time , the orbital altitude of 
the lunar module was ab out 10 . 9  miles� .  This conditi on prevented acqui­
sition of ranging s ignals at s lant ranges great er than 3500 feet , and ve­
locity signals at altitudes greater than about 4600 feet . The radar was 
returned t o  high-scale by recycling the ci rcuit breaker . A detailed dis­
cuss i on of this problem is given in section 14 . 2 . 4 .  Range and velocity 
performance from a slant range of ab out 2 5  000 feet to touchdown is shown 
in figure 14-22 . There were no zero Doppler dropouts and no evi dence of 
radar lockup resulting from parti cles s cattered by the engine exhaust 
plume during lunar landing .  

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

8 . 5  INSTRUMENTATION 

The instrumentat i on system performed normally throughout the flight 
with the exception of three of the four as cent helium t ank pressure meas ­
urements ( two primary and two redundant ) .  Coinci dent with propuls ion 
system pressuriz at i on , thes e measurements exhib ited negative shi fts of 
up to 4 percent . The largest shi fts were in the redundant me asurements . 
These transducer shifts were caused by the shock induced by the 
pyrote chni cally operated is olat i on valves . Since these measurements are 
us ed t o  monitor for leaks prior t o  propulsion system pressurizat i on ,  a 

a
Referenced t o  landing site elevat i on .  
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6 i n c h e s i n d e p t h a n d r o c k s w e r e r e a d i l y v i s i b l e t h r o u g h i t . A f i n a l

d e s c e n t f r o m l O O f e e t w a s m a d e a t a d e s c e n t r a t e o f 3 f t / s e c , w i t h a d e -

l i b e r a t e f o r w a r d v e l o c i t y o f a b o u t l f t / s e c a n d , e s s e n t i a l l y , z e r o c r o s s

r a n g e v e l o c i t y . T h e f o r w a r d v e l o c i t y w a s m a i n t a i n e d u n t i l t o u c h d o w n t o

p r e c l u d e b a c k i n g i n t o a n y s m a l l c r a t e r s . T o p r o v i d e a s o f t l a n d i n g , a

d e l a y o f a b o u t 2 s e c o n d s w a s a l l o w e d b e t w e e n a c q u i s i t i o n o f t h e c o n t a c t

l i g h t s a n d a c t i v a t i o n o f t h e e n g i n e s t o p b u t t o n . T o u c h d o w n o c c u r r e d a t

s h u t d o w n w i t h s o m e s m a l l d u s t - b l o w i n g a c t i o n c o n t i n u i n g d u r i n g e n g i n e
t h r u s t t a i l o f f o r d e c a y . T h e l a n d i n g f o r c e s w e r e e x t r e m e l y l i g h t a n d

t h e v e h i c l e c a m e t o r e s t w i t h i n l d e g r e e o f z e r o i n p i t c h a n d y a w a t t i -

t u d e s , a n d w i t h a T - d e g r e e r i g h t r o l l a t t i t u d e ( n o r t h e a s t t i l t ) . ( R e f e r
t o f i g u r e 8 - 2 . )

S o m e l i n e a t i o n s w e r e e v i d e n t i n t h e a r e a o f t h r u s t i m p i n g e m e n to n

t h e s u r f a c e a l o n g t h e f i n a l t r a c k a n d i n t h e l a n d i n g a r e a . A s m i g h t b e

e x p e c t e d , t h e s e a r e a s a r e g e n e r a l l y c o i n c i d e n t w i t h t h o s e i n w h i c h b l o w -

i n g s u r f a c e d u s t w a s n o t e d a t l o w a l t i t u d e s . T h e a r e a i n t h e v i c i n i t y
o f t h e d e s c e n t e n g i n e a f t e r t o u c h d o w n a p p e a r e d t o h a v e b e e n c r a t e r e d

o n l y t o a d e p t h o f a b o u t 6 i n c h e s a n d , a s p h o t o g r a p h s s h o w , o n l y i n

a s m a l l , w e l l - d e f i n e d a r e a .

T h e r e w e r e n o s p u r i o u s t h r u s t e r f i r i n g s a f t e r t o u c h d o w n . T h e

l u n a r d u m p v a l v e s w e r e r e c y c l e d w i t h n o a n o m a l i e s n o t e d a n d t h e d e s c e n t

e n g i n e p r o p e l l a n t v e n t s w e r e i n i t i a t e d . A l t h o u g h t h e p r i m a r y g u i d a n c e
c o m p u t e r w a s t a r g e t e d w i t h a l i f t - o f f t i m e o f l O 8 : 2 h : 3 l , t h i s e a r l y
l i f t - o f f t i m e w a s n o t r e q u i r e d . T h e l u n a r " s t a y " w a s f o r w a r d e d b y t h e

M i s s i o n C o n t r o l C e n t e r a n d t h e c o m p u t e r w a s s e t t o i d l e a t l O 8 : 2 l : l 3 .

T h e S - b a n d c o m m u n i c a t i o n s w e r e m a i n t a i n e d o n t h e f o r w a r d o m n i d i r e c -

t i o n a l a n t e n n a d u r i n g t h e d e s c e n t , s w i t c h e d t o a f t a t p i t c h d o w n , a n d

t h e n s w i t c h e d t o t h e s t e e r a b l e a n t e n n a , i n " s l e w " m o d e , a f t e r t h e l u n a r

s t a y w a s a p p r o v e d .

9 . 1 0 L U N A R S U R F A C E A C T I V I T Y

9 . l O . l C a b i n A c t i v i t y

O p e r a t i o n s . -S u b s e q u e n tt o l u n a r m o d u l e t o u c h d o w n , l u n a r s u r f a c e

a c t i v i t i e s p r o g r e s s e d i n a c c o r d a n c e w i t h t h e c h e c k l i s t . O n t h e c h e c k -

l i s t i s a n i t e m r e q u e s t i n g a d e s c r i p t i o n o f t h e l u n a r s u r f a c e t o t h e

M i s s i o n C o n t r o l C e n t e r . A l t h o u g h i m p o r t a n t f r o m a s c i e n t i f i c p o i n t o f

v i e w , t h i s t a s k p r o v e d t o b e m o s t u s e f u l i n a l l o w i n g t h e c r e w t o a c c l i -

m a t e t h e m s e l v e s t o t h e l u n a r e n v i r o n m e n t a n d , i n c o n j u n c t i o n w i t h M i s -

s i o n C o n t r o l , t o d e t e r m i n e m o r e p r e c i s e l y t h e l o c a t i o n o f t h e l u n a r m o d -

u l e . I n s u b s e q u e n t e x t r a v e h i c u l a r w o r k , i t w i l l b e i m p o r t a n t t h a t t h e
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of abnormal thermal responses in the as cent stage indi c ates that the 
heat shield was fully effe ctive . Similar conditions have occurred dur­
ing quali fi cation tests whereby one or more la;yers of the heat shi eld 
material have become unattache d. In thes e cases , the thermal effe ctive­
ness of the heat shield was not reduced .  

8 . 2  ELECTRI CAL POWER 

The electrical power di stribution system and battery performance was 
satis factory with one exception , the as cent battery 5 open- circuit voltage 
decayed from 37 . 0  volts at launch to 36 . 7 volts at hous ekeeping , but with 
no effe ct on operational performance . All power swit chovers were accom­
pli shed as requi red ,  and parallel operation of  the des cent and as cent bat­
teries was within acceptable limits . The de bus voltage was maintained 
above 29 . 0  volts , and maximum obs erved current was 73 amperes during pow­
ered des cent initiation .  

The battery energy us age throughout the lunar module fli ght is given 
in section 8 . 11 . 6 .  The as cent battery 5 open-circuit low voltage is dis­
cus s ed in  section 14 . 2 . 1 .  

8 . 3  COMMUNI CATI ONS EQUIPMENT 

S-band steerable antenna operation pri or to lunar landing was inter­
mittent . Although antenna ope ration during revolution 13 was nominal , 
acquis ition and/or t racking problems were experi ence d during revoluti ons 
11 and 12 . Acquis ition was attempted but a s i gn al was not acqui red dur­
ing the first 3 minutes after ground acquisition of s i gnal on revolu­
tion 14 . Because of this , the omnidi recti onal antennas were us ed for 
lunar landing . The steerable antenna was use d  for the as cent and rendez­
vous phase and the antenna performed normally . The problems with the 
steerable antenna are di s cuss ed in s ecti on 14 . 2 . 3 . 

Pri or to the first ext ravehicular peri od , diffi culty was experi enced 
when configuring the communi cation system for extravehi cular activity be­
cause of an open audi o-center circuit breaker . Ext ravehi cular communi ca­
tions were normal after the circuit breaker was clos ed.  

During the latter part of the first extravehi cular period ,  th e tele­
vis i on res olution decreased.  The symptoms of  the problem were indi cative 
of an overheated focus coil current regulator . This condition , while not 
causing a complete failure of the camera , resulted in defocus ing of the 
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c rewmen have a precise knowledge of their starting point on the traverse

map.

The preparation for the f i rst extravehicular period was nominal at

al l t imes except for a communicat ions problem which became evident dur-

ing switchover to portable l i fe support system communicat ions. This

problem subsequently proved to be the result of cockpit error, which

points again to the necessity of having checkl ists that leave no lat i -

tude for misinterpretation. The cue cards uti l ized during al l of the

extravehicular preparations and the post-extravehicular activity were

quite adequate except for the one entry. However, the cue cards need

to be attached more securely to the instrument panel to prevent their

being dislodged by inadvertent contact.

Very l i t t le sleep was obtained. This resulted primarily f rom being
uncomfortable in the suits, but was also due, in a lesser degree, to the

t i l t of the cabin. The t i l t was especially noticeable during the sleep
periods and made sleep dif f icult because the c rew was uneasy in this awk-

ward position. I t is the þÿ�c�r�e�w � �sfeeling that an unsuited sleep period
would greatly contr ibute to suff ic ient c rew sleep for the longer missions

In general, the lunar module cabin provided an adequate base of op-

erat ions during lunar surface activi t ies in spite of the smal l area and

the T-degree t i l t . However, i t is fe l t that, were the lunar module to

land on terrain incl ined more than about 10 to 12 degrees, some dif f i -

culty would be experienced in moving about the cabin.

Eguipment.- On the lunar surface, the alignment optical telescope
was satisfactorily used to align the platform. Reflect ions in the align-
ment optical telescope appeared to come f rom the lunar module rendezvous

radar antenna and the lunar module upper surfaces. These ref lect ions

el iminate the less-bright stars as candidates for use . During alignment
optical telescope sighting, the radar antenna had dri f ted f rom i ts parked
position into the f ield of view of the telescope. The antenna was re -

positioned before continuing with the alignments.

A difficulty was experienced with the inter im stowage assembly in

the lunar module cabin. I ts retaining brackets did not hold satisfac-

torily. The inter im stowage assembly was continually slipping out of

the aft, upper restraint and interfering with cabin activity. There was

no adequate place to stow used urine bags; consequently, they were in

the way unti l such t ime that they could be placed in jettison bags for

disposal. The disposable containers and jettison bags which were stowed

in the 16-mm camera compartment on the left-hand side fe l l out while the

camera was being removed, creating a short delay during hard-suit opera-
t ions.

'
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Even though extravehicular preparations and post-extravehicular
procedures were quite adequate, meticulous effort is required to properly
stow a large number of lunar surface samples. Although there is adequate
stowage space when samples are properly handled, it is impossible to esti-

mate the number, size

much time is required
lunar module cabin in

Marking of weigh bags

and shape of the samples prior to flight. Thus,
to sort, weigh and stow all of the material in the

accordance with stowage area weight constraints.

as they are sorted and stowed is important.

Two hours after landing on the lunar surface, the rendezvous radar

satisfactorily performed the command and service module tracking exercise.

9.10.2 Egress/Ingress

During cabin depressurization, a cabin pressure of less than 0.l psia
was required before the cabin door could be opened easily. The first per-

son out is crowded as he egresses because the hatch cannot be fully opened
to the Lunar Module Pilot's side with the other crewman standing behind

it. The first person to egress must remember, or be coached, to lean to

his left during egress in order to avoid the hatch seal. However, the

hatch opening is adequate. During egress and ingress the crew must also

remember to maintain horizontal clearance in order not to scrape the

portable life support system and remote control unit on the upper and

lower hatch seals. These techniques require practice but are worth the

effort to assure integrity of the seal.

On previous missions, dust carried into the cabin during ingress was

a problem. However, it did not seem to be a problem on Apollo lh, perhaps
because there was less dust on the lunar surface, or perhaps, being a are

of the problem made the crew more meticulous in contamination control than

they would have been otherwise. Care was taken to remove the dust from
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9.l0.3 Lunar Surface Operations

Mobility.- Mobility on the lunar surface is excellent. Each crew-

man employs a technique for travel that is most suitable for that indi-

vidual. The step-and-hop gait appears to require a minimum of effort.

The l/6g simulations in the KC-l35 aircraft were adequate to give one a

feel of the lunar surface gravitational field. The zero-g experienced
on the way to the moon aided considerably in conditioning for good mo-

bility during operations in l/6g. There was very little tendency to

over-control or use too much force when using tools or walking on the

lunar surface.

Visibility.- Visibility on the lunar surface is very good when look-

ing cross-sun. Looking up-sun, the surface features are obscured when

direct sunlight is on the visor, although the sunshades on the lunar ex-

travehicular visor assembly helped in reducing the sun glare. Looking
down-sun, visibility is acceptable; however, horizontal terrain features

are washed out in zero phase, and vertical features have reduced visi-

bility. A factor in reducing down-sun visibility is that features are

in the line of sight of their shadows, thus reducing contrast. A crew-

man's shadow appears to have a heiligenschein around it. The visibility
on the lunar surface also distorts judgment of distance. There is a

definite tendency to underestimate distance to terrain features. An

adequate range finder is essential.

Navigation.- Navigation appears to have been the most difficult prob-
lem encountered during lunar surface activities. Unexpected terrain fea-

tures, as compared to relief maps, were the source of navigational prob-
lems. The ridges and valleys had an average change in elevation of ap-

proximately l0 to 15 feet. The landmarks that were clearly apparent on

the navigational maps were not at all apparent on the surface. Even when

the crewmen climbed to a ridge, the landmark often was not clearly in

sight. Interpretation of the photography contributes to the navigation
problem because photographs of small craters make them appear much smaller

than they do to the eye. On the contrary, boulders reflect light so that

in the orbital photographs they appear much larger than they do in the

natural state. Boulders 2 or 3 feet in size sometimes appear in the

orbital photography, but craters of that size are completely indiscernible

Dust.- Dust on the lunar surface seemed to be less of a problem than

had been anticipated. The dust clings to soft, porous materials and is

easily removed from metals. The pressure garments were impregnated with

dust; however, most of the surface dust could be removed. The little

dust that accumulated on the modular equipment transporter could easily
be removed by brushing. The lunar map collected dust and required brush-

ing or rubbing with a glove to make the map usable.
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8 . 0  LUNAR MODULE PERFORMANCE 

8 . 1  STRUCTURAL AND MECHANI CAL SYSTEMS 

Lunar module structural loads were within design values for all 
phas es o f  the mi s s ion . The structural as sessment was b as ed on guidance 
and control dat a ,  cabin pres sure measurements , command module acce lera­
tion dat a ,  photogr aphs , and crew comments . 

Based on measured command module accelerations and on s imulations 
us ing actual launch wind dat a ,  lunar module loads were determined to be 
within structural limits during earth launch and trans lunar inj ecti on . 
The sequence fi lms from the onboard camera showed no evi dence of  struc­
tural os ci llations during lunar touchdown , and crew comments agree  with 
this as s essment . 

Landing on the lunar surface occurred with es timated landing veloc­
ities of 3 . 1 ft /s ec vertical , 1 . 7  ft / s ec in the plus-Y footpad di rection , 
and 1 . 7  ft /s ec in the plus-Z footpad direction . The space craft rates 
and attitude at touchdown are s hown in figure 8-l .  The minus-Y footpad 
apparently touched first , followed by the minus-Z  footpad approximately 
0 . 4 s econd later.  The plus-Y and plus-Z footpads followed within 2 sec­
onds and the vehi cle came to res t  with attitudes of  1 . 8  degrees pitch 
down , 6 . 9  degrees roll to the right and 1 . 4  degrees yaw to the left of 
west .  Very little ,  i f  any , of the vehicle attitude was due to landing 
gear stroking . The final res t  attitude of approximately 7 degrees was 
due almost entirely to local undulations at the landing point ( fig . 8-2 ) .  
From a time his tory of the des cent engine chamber pressure , it appears 
that des cent engine s hut down was initiated after  firs t footpad contact 
but before plus-Y footpad contact . The chamber pres sure was in a state 
of decay at 108 : 15 : 11 ,  and all vehicle motion had ceased 1 . 6  s econds 
later . 

Flight data from the guidance and propulsion systems were used in 
performing engineering simulat ions of  the touchdown phas e .  As in 
Apollo ll and Apollo 12 , the s e  s imulations and photographs indi cate that 
landing ge ar stroking was minimal if  it occurred at all .  Photographs 
als o  indicate no s i gni fi cant damage to the landing gear thermal insula­
tion . 

Sixteen-millimeter films t aken from the comman d module pri or to 
lunar-orbit docking support a visual observation by the crew that a 
strip of materi al about 4 feet long was hanging from the as cent stage 
bas e heat shield area .  The base heat shield area is des igned t o  pro­
tect the as cent stage from the pressure and thermal environment result­
ing from as cent engine plume impingement during staging . The abs ence 
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Timeline.- Operations on the lunar surface required a much longer
t ime than had been anticipated. The planned activit ies require 25 to

30 percent more t ime than would be required under one-g condit ions.

Scheduling additional activities, in the event that certain portions of

the extravehicular activity have to be cancelled, is advisable.

9.lO.h Lunar Module Interfaces

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

lunar surface. The modular equipment stowage assembly was manually
adjusted to a higher position to remove the modular equipment trans-

porter and readjusted to a lower position for subsequent operations.
The height adjustments were made without difficulty. The thermal blan-

kets were more diff icult to take off than had been anticipated. Simi-

larly, the thermal blankets which protected the modular equipment trans-

porter supported i ts weight and manual removal of the blankets was re-

quired during modular equipment transporter deployment.

As on previous flights, all cables used on the lunar surface had

sufficient set to prevent them from lying f lat when deployed on the lunar

surface. Both crewmen became entangled in the cables from t ime to t ime.

The cables emanating from the modular equipment stowage assembly area

should either be buried or routed through restraining clips to keep them

from being underfoot during work around the modular equipment stowage

assembly.

Scientif ic eguipment b§y.- Both the doors and the pallets were re-

moved easily from the scientif ic equipment bay by utilizing the booms.

The pallets could have been removed manually i f required. However, the

height of the pallets was at the l imit for easy manual deployment on

level terrain.

The offloading of the Apollo lunar surface experiment package was

somewhat hindered by a small crater 8 to lO feet to the rear of the lunar

module. However, sufficient working area was available in which to place
a pallet and conduct fueling operations.

Since the landing gear did not stroke significantly during the land-

ing, a jump of about 3 feet was required from the footpad to the lowest

rung of the ladder. This provided no appreciable difficulty; however,
a f irm landing which would stroke the landing gear a few inches would

facil i tate a manual offloading operation as well as egress and ingress.
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7 . 10 .4 Water 

The water quantities loaded ,  produce d ,  and expelled during the  mis­
s ion are shown in the following table . 

Condition 

Loaded ( at li ft-off ) 

Potable water t ank 
Was te water t ank 

Produced inflight 

Fuel cells 
Lithium hydroxide reacti on 
Metaboli c 

Dumped overboard 

Waste t ank dumping 
Uri ne an d  flushing 

Evaporated up to command module / 
servi ce module s eparation 

Remaining onboard at command module / 
service module s eparat i on 

Potable water t ank 
Waste water tank 

Quanti ty , lb 

2 8 . 5 
32 . 4  

342 . 3  
2 1 . 0  
21 . 0  

2 36 . 9  
133 . 2  

9 . 0 

29 . 7  
36 . 4  

9 - 1 3

9 . 1 0 . 5 L u n a r S u r f a c e C r e w E q u i p m e n t

E x t r a v e h i c u l a r m o b i l i t y u n i t . - B o t h e x t r a v e h i c u l a r m o b i l i t y u n i t s

p e r f o r m e d w e l l d u r i n g b o t h o f t h e e x t r a v e h i c u l a r a c t i v i t i e s . T h e r e w a s

s u f f i c i e n t c o o l i n g i n t h e m i n i m u m p o s i t i o n f o r n o r m a l a c t i v i t y . B o t h

c r e w m e n w e r e r e q u i r e d t o g o t o i n t e r m e d i a t e , o r b e t w e e n m i n i m u m a n d i n -

t e r m e d i a t e , f o r v a r i o u s p e r i o d s o f t i m e d u r i n g t h e c l i m b t o C o n e C r a t e r

a n d t h e h i g h - s p e e d r e t u r n f r o m C o n e C r a t e r t o W e i r d C r a t e r . H o w e v e r ,
o t h e r t h a n d u r i n g t h e s e p e r i o d s , m i n i m u m c o o l i n g w a s u s e d p r e d o m i n a n t l y .

T h e L u n a r M o d u l e P i l o t ' s p r e s s u r e g a r m e n t a s s e m b l ye v i d e n c e d a h i g h e r
t h a n - u s u a l l e a k r a t e f o r t h e f i r s t e x t r a v e h i c u l a r a c t i v i t y , d r o p p i n g 0 . 2 5

p s i d u r i n g t h e l - m i n u t e c h e c k . T h e s u i t s h o w e d n o d r o p d u r i n g p r e f l i g h t
c h e c k o u t .

T h e C o m m a n d e r ' s u r i n e c o l l e c t i o n t r a n s f e r a s s e m b l yh o s e h a d a k i n k

i n i t w h i c h p r e v e n t e d p r o p e r t r a n s f e r o f t h e u r i n e t o t h e c o l l e c t i o n b a g s .
B e f o r e b o t h e x t r a v e h i c u l a r a c t i v i t i e s i t w a s n e c e s s a r y t o u n z i p t h e s u i t

a n d s t r a i g h t e n t h i s k i n k o u t . I n o n e i n s t a n c e t h e s u i t w a s r e m o v e d t o

t h e w a i s t t o f a c i l i t a t e a c c e s s . T h e o n l y o t h e r m i n o r p r o b l e m w i t h t h e

p r e s s u r e g a r m e n t a s s e m b l yc o n c e r n e d t h e L u n a r M o d u l e P i l o t ' s r i g h t g l o v e .
T h e g l o v e d e v e l o p e d a n a n o m a l o u s c o n d i t i o n b e f o r e t h e s e c o n d e x t r a v e h i c u -

l a r a c t i v i t y w h i c h c a u s e d i t t o a s s u m e a n a t u r a l p o s i t i o n t o t h e l e f t

a n d d o w n .

I t s h o u l d b e n o t e d t h a t t h e w r i s t - r i n g a n d n e c k - r i n g s e a l s o n b o t h

p r e s s u r e g a r m e n t a s s e m b l i e s w e r e l u b r i c a t e d b e t w e e n e x t r a v e h i c u l a r a c -

t i v i t i e s . A t t h a t t i m e , t h e r e w a s v e r y l i t t l e e v i d e n c e o f g r i t o r d i r t

o n t h e s e a l s . L u b r i c a t i n g t h e s e a l s b e t w e e n e x t r a v e h i c u l a r a c t i v i t i e s

i s a p r o c e d u r e t h a t s h o u l d b e c o n t i n u e d o n s u b s e q u e n tm i s s i o n s .

M o d u l a r e q u i p m e n tt r a n s p o r t e r . - T h e m o d u l a r e q u i p m e n tt r a n s p o r t e r
d e p l o y e d s a t i s f a c t o r i l y f r o m t h e l u n a r m o d u l e e x c e p t a s p r e v i o u s l y n o t e d .

T h e s p r i n g t e n s i o n o n t h e r e t a i n i n g c l i p s w a s s u f f i c i e n t t o h o l d a l l t h e

e q u i p m e n to n t h e m o d u l a r e q u i p m e n tt r a n s p o r t e r d u r i n g l u n a r s u r f a c e a c -

t i v i t i e s . H o w e v e r , w i t h t h e t r a n s p o r t e r u n l o a d e d , t h e r e t a i n i n g s p r i n g s
h a v e s u f f i c i e n t t e n s i o n t o l i f t i t c l e a r o f t h e l u n a r s u r f a c e w h e n p l a c -
i n g e q u i p m e n ti n s t o w a g e l o c a t i o n s . T h i s w a s n o t n o t i c e d a f t e r t h e

t r a n s p o r t e r w a s f u l l y l o a d e d .
'

T h e w h e e l sd i d n o t k i c k u p o r s t i r u p a s m u c h d u s t a s e x p e c t e db e -

f o r e t h e f l i g h t . V e r y l i t t l e d u s t a c c u m u l a t e d o n t h e m o d u l a r e q u i p m e n t
t r a n s p o r t e r .

T h e m o d u l a r e q u i p m e n tt r a n s p o r t e r w a s s t a b l e , e a s i l y p u l l e d , a n d

p r o v e d t o b e a v e r y h a n d y d e v i c e f o r b o t h e x t r a v e h i c u l a r a c t i v i t i e s .

O n l y a t m a x i m u m s p e e d s d i d t h e t r a n s p o r t e r e v i d e n c e a n y i n s t a b i l i t y
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7 . 10 . 3 Cryogeni cs 

The tot al cryogenic hydrogen and oxygen quantities avai lab le at li ft­
off and consumed were as follows . Consumption values were based on quan­
tity data t ransmitted by telemetry . 

Hydrogen , lb Oxygen ,  lb 
Condition 

Actual Planned Actual Planned 

Available at li f"t-off 

Tank l 26 . 97 320 . 2  
Tank 2 26 . 55 318 . 9  
Tank 3 - 19 7 . 2 

Total 5 3 . 52 a
53 . 52 836 . 3  a

836 . 3  

Consume d 

Tank l 19 . 12 119 . 3  
Tank 2 19 .14 113 . 8  
Tank 3 - 163 . 4  

Total 38 . 26 3 8 . 62 396 . 5  412 . 1  

Remaining at command module / 
s ervi ce mo dule s eparat i on 

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

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

aUp dated to li f"t-off values . 
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and, then, only because of rough terrain. This instability was easy to

control by hand motion on the triangular-shaped tongue.

Hand tool carrier.- The hand tool carrier mated to the modular

equipment transporter well, and was adequately retained by the hand tool

carrier retaining clip. All stowage areas except the deep pocket were

acceptable. This pocket was very difficult to reach when standing adja-
cent to the modular equipment transporter. It is too deep for one to

easily retrieve small items. With this exception, the hand tool carrier

performed satisfactorily.

Cameras.- All cameras carried in the lunar module worked well. Only
two anomalies were noted. On the Commander's camera, the screw which

retains the handle and the remote control unit clip worked loose several

times and had to be retightened. The second anomaly concerned a 16-mm

magazine which jammed and produced only 30 feet of usable film.

The television camera performed satisfactorily. It seems to be a

useful tool for lunar surface exploration. A remotely operated camera

with adjustment of focus, zoom, and lens setting controlled from the

ground would be very useful in making available lunar surface time pres-

ently required for these tasks.

S-band erectable antenna.- The S-ba.nd a.ntenna was easi].y offloaded

from the lunar module and presented no problems in deployment except that

the netting which forms the dish caught on the feed horn and had to be

released manually. The antenna obstructs the work area immediately
around the modular equipment stowage assembly. A longer cable would

allow deployment at a greater distance from the lunar module. Although
the deployment and erection of the S-band antenna is a one-man job, the

antenna is more easily aligned with the two crewmen cooperating.

Lunar surface scientific eguipment.- Offloading of the Apollo lunar

surface experiments subpackages was normal, and all operations were ad-

equate except for the operation of the dome removal tool. It required
several attempts to lock the dome removal tool onto the dome. During
the traverse to the Apollo lunar surface equipment package deployment
site, the pallets on either end of the mast oscillated vertically and

the mast flexed, making the assembly difficult to carry and to hold in

the hands. However, the arrangement is acceptable for traverse up to

approximately 150 yards.

There was some difficulty in finding a suitable site for Apollo
lunar surface experiments package deployment because of undulations in

the terrain. It was necessary to spend several moments considering the

constraints that had been placed on Apollo lunar surface experiments
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Propellant , lb 
Condition 

Fuel Oxidi zer Total 

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

Total 440 . 1  900 . 5  1340 .6  

�s able loaded 1233 

Consumed 250  476 726 

Remaining at command module/  507  
s ervice module s eparat ion 

�s able loaded propellant i s  the amount loaded mi nus the 
amount trapped and with correcti ons made for gaging errors . 

Command module . - The loading and utili zat i on of command module re­
acti on control system propellant was as follows . Consumpti on was calcu­
lated from pressure , volume and temperat ure relat i onships . 

Propellant , lb 
Condition 

Fuel Oxi di zer Total 

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

Tot al 88 . 8  156 . 7  245 . 5  

�s able loaded 210 .0 

Consumed 
b

41 System 1 
System 2 4 

Total 45 

�sable loaded propellant is the amount loaded minus the 

bamount trapped and with corrections made for gaging errors . 
Estimated quantity based on helium s ource pressure profile 
during entry . 
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package deployment and matching those to the site in order that the ex-

periments could be properly deployed. After the site had been selected,
the lunar dust presented some problems for the remainder of the Apollo
lunar surface experiments package deployment. The suprathermal ion de-

tector experiment sub-pallet had dust piled up against it and into the

hidden Boyd bolt, which must be reached blind with the hand tool. Sever

al minutes were wasted before the suprathermal ion detector experiment
was successfully released from the sub-pallet. Subsequent to that, the

suprathermal ion detector experiment was carried to its deployment site

and additional difficulty was experienced in handling the three compo-

nents of this experiment simultaneously. The suprathermal ion detector

experiment was not sufficiently stable to prevent it from turning over

several times during deployment.

No problems were experienced during removal of the mortar pack.
During deployment, however, the footpads rotated out of the proper posi-
tion, and the package had to be picked up and the pads rotated to a

position in which they would rest properly against the surface.

The thumper deployed as expected, but the lunar regolith was so

loose that the center geophone was pulled out during deployment of the

last half of the thumper cable. This was confirmed during return along
the line. Only 13 of the 21 thumper cartridges were fired and the first

several of these required an extraordinary amount of force to fire them

(section lM.M.l). The problem seemed to clear up for the last several

initiators and the equipment operated precisely as expected.

Laser ranging retro-reflector experiment.- The laser reflector was

deployed and leveled in the normal fashion and in the prescribed loca-

tion. The dust cover was removed, the level rechecked, and the unit

photographed.

Solar wind composition experiment.- No difficulty was experienced
in erection of the solar wind composition experiment. The only anomaly
occurred during the retrieval of the apparatus, at which time it rolled

up only about half way and had to be manually rolled the remainder of

the distance.

Lunar portable magnetometer experiment.- This piece of equipment
performed quite satisfactorily. The only difficulty experienced was the

reeling in of the cables. The set in the cable prevented a successful

rewind; consequently, the cable was allowed to protrude in loops from

the reel during the remainder of the traverse (section ll|.l|.3}.

Geology.- The geology hand tools are good and, if time had permitted
they would have all been used. As in previous missions, the hammer was
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7 . 10 CONS UMABLES 

The command and servi ce module cons umable us age during the Apollo 14 
mis sion was well within the red line limits an d ,  in all sys tems , di ffered 
no more than 5 percent from the predi cted limits . 

7 . 10 . 1 Servi ce Propulsi on Propellant 

Service propuls i on propellant loadings and consumpti on values are 
listed i n  the following t ab le . The loadings were calculated from gaging 
sys tem readings and meas ured dens iti es pri or to li ft-off . 

Propellant , lb 
Conditi on 

Fuel Oxidi zer Total 

Loaded 15 69 5 . 2  25 061 40 756 . 2  

Consume d 14 9 5 3 . 2 23 900 38 85 3 . 2  

Remaining at command module /  742 l 161 l 903 
s ervi ce module s eparation 

Us able at command module / 596 866 l 462 
s ervi ce module s eparat i on 

7 . 10 . 2 Reacti on Control Sys tem Propellants 

Service module . - The propellant uti li zation and loading data for 
the s ervi ce module react i on control system were as shown in the follow­
ing t ab le . Consumpti on was calculat ed from telemetered helium tank pres­
sure histories and were b as ed on pressure , volume , and t emperature re la­
tionships . 
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used by striking with the flat of the hammer rather than the small end.

The only discrepancy associated with the geology tools was the use of

the geology sample bags. It was difficult to find rocks small enough
to fit into the small sample bags. Furthermore, they are hard to roll

up. The tabs which should facilitate rolling up the bags become en-

tangled, making it difficult to remove them from the dispenser.

9.l0.6 Lunar Surface Science

Geology.- The appearance of the lunar surface was much as expected.
A loose gray mantle of material covered the entire surface to an undeter-

mined depth; however, core tubes driven into the surface would not pene-

trate more than l-l/2 tube lengths and, in most cases, considerably less

than that. A "rain drop" pattern over most of the regolith was observed

and is clearly shown in photographs. Also observed, in certain sections

of the traverse, were small lineations in the regolith material, which

can be seen in certain photographs.

There was evidence of cratering and recratering on all of the area

that was traversed. There was no surface evidence of multiple layers.
Even in the craters, the loose gray mantle covered the entire surface,
except where rocks protruded through, and concealed any evidence of stra-

tigraphy. In the trench dug by the crew, however, evidence of three

different layers was found. In one or two places on the flank of Cone

Crater the þÿ�c�r�e�w�m�e�n ��sboots dug through the upper layer exposing a white

layer about 3 inches from the surface. It is interesting to note that

very few rocks are entirely on the lunar surface; most are buried or

partially buried. Nearly all rocks of any size have soil fillets around

them. The small rocks are generally coated with dirt, but some of the

larger rocks are not. Many of the larger rock surfaces are soft and

crumbly. However, when one uses the hammer and breaks through this, it

is found that they are hard underneath.

Subtle variations in rocks are not easily discernible, primarily be-

cause of the dust. It must be remembered that the crew selected candidate

samples after having observed the rocks from at least 5 or 6 feet away

in order to prevent disturbing the soil around them. Features which are

obvious in a hand-held specimen are not discernable at initial viewing
distance. Furthermore, once the rock has been sampled, good utilization

of time precludes examining the rock except to note its more prominent
features. The point is that only the characteristics of a rock that are

discernible at the initial viewing distance enter into the decision to

sample. Sa pling strategy should allow for this limitation when a wide

variety of samples is desired.
`

The crew did observe, however, the evidence of breccia in some of

the rock; and, on a few occasions, crystalline structure was evident. In
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approximately 4 . 45 ps ia.  The test , s cheduled to last 2-l/2 hours , was 
terminated after 70 minutes when the 100-ps i oxygen man i fold pressure 
decayed to about 10 ps i .  This was caus ed by openi ng of the urine over­
board dump valve whi ch caused an oxygen demand in  excess of that whi ch 
the oxygen restri ctors were capab le of provi ding . However , suffi ci ent 
dat a  were obtained during the test to determine the high- flow capabi li ty 
of the cryogenic oxygen system . ( Also see  s e ct i on 7 . 3 . ) 

Inflight cabin pres sure de cay measurements were made for the firs t  
time during most of  the crew s leep periods t o  determine more precis ely 
the cabin leakage during flight . Preliminary estimates i ndicate that 
the flight leakage was approximately 0 . 0 3  lb /hr .  This leak rate is  with­
in des ign limits . 

Part ial repressuri zation o f  the oxygen s torage bottles was requi red 
three times in  addition to the normal repres suri zations during the mis­
sion .  This problem i s  dis cus s ed in section 14 . 1 . 8 . 

The crew reported s everal instances of urine dump noz zle blockage . 
Apparently the dump nozzle was clogge d with fro zen urine parti cles . The 
blockage cleared in  all instances when the spacecraft was oriented so  
that the nozzle was in  the s un .  This anomaly is  dis cus s ed further i n  
s ect ion 14 . 1 . 3 . 

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

A vacuum cleaner as s embly and cabin fan filter , used for the fi rst 
time , along with th e normal decontaminat i on procedures eliminated prac­
t i cally all of the obj e ctionable dus t such as that present aft er the 
Apollo 12 lunar docki ng . The fans were operated for approximately 4 hours 
after lunar docking . 

Sodium nitrate was added to  the water buffer ampules to reduce sys­
tem corros i on .  This addition als o  allowed a reduct i on in  the concentra­
tion of chlorine in  the chlorine ampules . No obj ectionable tas te was 
noted in  the water.  The crew reported s ome diffi culty in inserting the 
buffer ampules into the inj ector . The ampules and inj e ctor are being 
tested to es tablish the caus e of the problem .  The crew als o indi cated 
that the food preparation unit leaked s lightly after dispens ing hot water . 
This problem is  dis cus s ed further in  sect i on 14 . 1 . 7 . 
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most cases, the crystals were small. Only on two occasions was glass
seen on the lunar surface at Fra Mauro. In one small crater there seemed

to be glass-like spatter on the bottom. In the traverse to the rim of

Cone Crater, one 3-foot rock was observed to be well coated with "glass".

The population of rocks in the Fra Mauro area was surprisingly low,
much less than 0.5 percent of the total area. Predominantly, the rocks

in evidence were 3 to 5 centimeters or smaller and, being covered with

dirt, were in many cases indistinguishable from irregularities in the

surface or from clumps of soil. As the crew progressed to the crest of

Cone Crater, boulders became more prominent. In the boulder field, on

the southeast edge of Cone, the boulder population reached, perhaps, 3

to 5 percent of the entire surface, with many boulders undoubtedly being
concealed just below the surface. Rays were not discernible on the edge
of the craters, possibly because of the low population and also because

the nearest horizon was seldom more than 150 feet away.

Soil mechanics.- Footprints on the lunar surface were not more than

l/2 inch to 3/M inch deep except in the rims of craters, where, at times,
they were 3/H inch to 1-1/2 inches deep. The modular equipment trans-

porter tracks were seldom more than l/2 inch deep. The penetrometer was

easily pushed into the lunar surface almost to the limit of the penetrom-
eter rod. During the trenching operation, the trench walls would not re-

main intact and started crumbling shortly after the trench was initiated.

When obtaining one core tube sample, the soil did not compact and spilled
from the tube upon withdrawal.

9.11 ASCENT, RENDEZVOUS, AND DOCKING

Although the ingress at the conclusion of the second extravehicular

period was approximately 2 hours ahead of the timeline, an hour of this

pad was used up in stowing samples and equipment preparatory to lift-

off. The remaining hour assured adequate time for crew relaxation and

an early start on pre-ascent procedures. There were no deviations from

the checklist, although a standby procedure was available in the event

of subsequent communications problems. Lift-off occurred on time. As

in previous missions, debris from the interstage area was evident at

staging. In addition, at docking, the Command Module Pilot reported a

tear in ascent stage insulation on the bottom right side of the lunar

module ascent stage (section 8.1).

Ascent was completely nominal with auto ignition and cutoff. Both

guidance systems performed well. The Mission Control Center voiced up

an adjustment maneuver which was performed at 1h1:56:h9.h using the re-

action control system. The adjustment delta velocity was monitored with

both guidance systems.
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9.11.1 Rendezvous

Following the adjustment firing, a manual maneuver was made to the

tracking attitude and rendezvous navigation procedures were initiated.

For the backup charts, an elapsed time of M minutes 3 seconds was avail-

able (from the beginning of the adjustment maneuver until the required
terminal phase initiation minus 30 minutes rendezvous radar mark). This

proved to be insufficient time to complete the required procedures com-

fortably. The backup charts should be revised to permit ample time to

obtain this first mark. The guidance systems were updated independently
using their respective insertion state vectors as initial conditions.

Nineteen marks were obtained with the primary guidance system. The abort

guidance system updates were commenced at terminal phase initiation minus

27 minutes and continued to terminal phase initiation minus T minutes at

which time the maneuver solution was compared. Eight marks were entered

into the abort guidance system. The solutions from both lunar module

guidance systems compared extremely well, agreeing on line-of-sight angles
within 0.3 degree and on total delta velocity within l.6 ft/sec. Because

of VHF difficulties (section lh.l.h), the command module computer was

updated with sextant marks only, prior to terminal phase initiation and

produced a maneuver solution of minus 6T.h, plus 0.5, minus 69.2 (un-
corrected) compared with the primary guidance navigation system solution

of plus 62.l, plus 0.l, plus 63.l. Using a two-out-of-three vote, the

primary guidance navigation system solution was selected for the maneuver,

and the corresponding rotated vector was entered into the abort guidance
system. The ascent propulsion system terminal phase initiation maneuver

was executed without incident. As anticipated, the guided ascent pro-

pulsion system shutdown resulted in a slight underburn.

Subsequent to terminal phase initiation, both lunar module naviga-
tion solutions were reinitialized and tracking was resumed. Simultane-

ously, the command module VHF tracking was found to be operating and
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7 . 8  SERVICE PROPULSION SYSTEM 

Service propulsion system performance was sati sfactory based on the 
steady-state performance dur i ng all firings. The steady-state pressure 
data, gaging system data , and ve loci ties gained indi cated essentially 
nominal performance . The engi ne transient performance during all starts 
and shutdowns was satisfactory. Nothing in the flight data or postfligh t 
analysis i ndi cated combustion instability or the cause of the slight hum 
or buzzing noise reported by the pilot ( ref. 9 . 13) . 

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

Duri ng the Apollo 9 ,  10 , 11 , and 12 missions, the service propulsion 
sy stem mixt ure ratio was less than expected, based on static firi ng data . 
The predicted flight mixture ratio for this mission was based on previous 
flight data to more closely si mulate the expected mixture ratio . To 
achieve the predicted mixt ure ratio at the end of the mission, the major­
ity of the mission would have to be flown wi th the propellant utilization 
valve i n  the increase position. Consequently , the propellant utilizati on 
valve was i n  the i ncrease position at launch. 

Figure 7-2 shows the vari ance i n  fuel and oxidizer re maining at 
any i nstant duri ng the lunar orb i t  insertion and transearth inj ection 
firi ngs, as computed from the telemetry data, and the propellant utiliza­
tion valve movements made by the crew. The preflight expected values 
and propellant utilization moveme nts are also shown. The service pro­
pulsion system propellant usage for the mission i s  discussed in sec-
tion 7 . 10 . 1 .  

7 . 9  ENVIRONMENTAL CONTROL AND CREW STATION 

The environmental control system performed sati sfactori ly and pro­
vi ded a comfortable environment for the crew and adequate thermal control 
of the spacecraft equipment . The crew station equipme nt also satisfac­
torily supported the flight. 

The environme ntal control system was used i n  conj unction with the 
cryogenic oxyge n sys tem to demonstrate the capability of providing oxygen 
at high flow rates s uch as those that will be required during extrave­
hicular operations on future missions. A modified hatch overboard dump 
nozzle with a calibrated ori fice was used to obtain the desired flow rate . 
The emergency cabin pressure regulator mai ntained the cabi n pressure at 

9-19

service modules. Consequently, the Commander proceeded with the pre-

docking maneuver consisting of a 90-degree pitch down and right yaw to

bring the lunar module docking target into the Command Module Pilot's

field of view. At this point in the mission, the abort guidance dis-

plays were blank and the flight director attitude indicator, driven by
the abort guidance system, was still indicating 150 degrees pitch and

zero yaw. Efforts to restore the abort guidance system to operation
were unsuccessful (section lh.2.5). Docking with the command and service

module active was completed uneventfully, despite earlier concern about

the docking mechanism.

The transfer of crew and equipment to the command and service module

proceeded on schedule but with some concern regarding the time remaining
to complete assigned tasks. The time allotted proved to be adequate but

not ample. The procedures for contamination control in the command mod-

ule were quite satisfactory, and particles were not observed in the com-

mand module subsequent to hatch opening.

9.12 COMMAND AND SERVICE MODULE LUNAR ORBIT ACTIVITIES

9.12.1 Circularization and Plane Change Maneuvers

Two service propulsion system firings were made during the command

and service module solo phase. The circularization maneuver, which placed
the command and service module in approximately a 60-nautical-mile cir-

cular orbit, was a M-second firing performed after separating from the

lunar module. The maneuver was controlled by the guidance and control

system and resulted in a 2.0 ft/sec overspeed, which was trimmed to

1.0 ft/sec. Subsequent to this maneuver, a change to the constants in

the command module computer short firing logic was uplinked by the Mis-

sion Control Center. The plane change maneuver was nominal with an 18-

second firing controlled by the guidance and control system.

9.12.2 Landmark Tracking

All tracking, with the exception of the lunar module on revolution

17, was done using the telescope with the 16-mm data acquisition camera

mounted on the sextant. Fourteen landmarks were tracked by the command

and service module, two of these near perigee while in the 60- by 8-

nautical-mile orbit. The low-altitude landmark tracking was accomplished
with no significant difficulties. Acquisition of the target was no prob-
lem and the manual optics drive provided constant tracking of the land-

mark through nadir.



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

Test• 1 

Time 01 : 50 :00 

Entry monitor SJStem reading -100 
at start of test 9 rt/sec 

frltry monitor system readins -99 . 5  
at end o f  test, ft/sec 

Differential velocity bi as �  +0 . 5  
rt/sec" 

Null bias, tt/sec 
2 

+0.005 

*Each test duration i s  100 seconds . 
••count up is positive bias. 

2 

O!h34 ,50 

-100 

-99 .4 

+0.6 

+0.006 

3 4 5 6 

29:11 :20 58:28:00 75:59:00 ?9:�5 : 00 

-100 -100 -100 -100 

-99 .6 -98.9 -98. 4 -98 . 5  

+0 . 4  +1.1 +1.6 +1 . 5  

+0.004 +0.011 +0.016 +0.015 

7 . 7 REACTION CONTROL SYSTEMS 

7 . 7 . 1  Servi ce Module 

7 B 

8� :31 :00 118:20:00 

-100 -100 

-99 . 4  -98.5 

+0 .6 + 1 . 5  

+0.006 +0.015 

7-ll 

9 

165:15:00 

-100 

-99 .0 

+1.0 

+0.010 

Performance of the servi ce module reaction control was normal 
throughout the mission .  All t elemetry parameters stayed wi thin nominal 
limits throughout the mi ssion with the exception of the quad B oxi di zer 
manifold pressure . This measurement was lost when the command and 
s ervi ce module separated from the S-IVB . The quad B heli um and fuel 
manifold pressures were us ed to veri fY proper system operation .  Total 
propellant consumption for t he mi ssion was 102 pounds les s than predi cted ;  
howeve r ,  propellant consumpti on during transpos iti on , docking and extrac­
t i on was about 60 pounds more than planned becaus e of the additi onal ma­
neuvering associated with the docking di fficulties . The propellant mar­
gin defi ciency was recovere d  prior to lunar orbit insert ion , and nominal 
margins existed during the remainder of the mission . Cons urnables infor­
mat i on is contained in s ecti on 7 . 10 . 2 .  

7 . 7 . 2  Command Module 

The command module reacti on control systems performed satis factorily . 
Both systems l an d  2 were acti vated duri ng the command module/s ervi ce 
module separati on sequence . Shortly after separation ,  system 2 was dis­
abled and system 1 was used for the remainder of entry . All telemetry 
data indi cated nominal system performance throughout the mission . Con­
sumables informat i on is containe d in s ect i on 7 . 10 . 2 .  

9 - 2 0

L a n d m a r k D E - 2 w a s n o t t r a c k e d s a t i s f a c t o r i l y . T h e h i g h s u n a n g l e
a t t h e t i m e o f t r a c k i n g p r e v e n t e d a c q u i s i t i o n o f t h e l a n d m a r k . A n o t h e r

l a n d m a r k i n t h e a r e a o f D E - 2 w a s t r a c k e d a n d i d e n t i f i e d f r o m t h e l 6 ~ m m

p h o t o g r a p h s . A l l o f t h e o t h e r l a n d m a r k s w e r e t r a c k e d q u i t e e a s i l y .
W i t h t h e e x c e p t i o n o f D E - 2 , a l l o f t h e g r a p h i c s f o r t h e l a n d m a r k t a r g e t s
w e r e v e r y s a t i s f a c t o r y .

T h e l u n a r m o d u l e , o n t h e s u r f a c e , w a s t r a c k e d o n r e v o l u t i o n l T .
T h e s u n r e f l e c t i n g f r o m t h e l u n a r m o d u l e a s w e l l a s t h e l o n g s h a d o w o f

t h e l u n a r m o d u l e m a d e i d e n t i f i c a t i o n p o s i t i v e . A c q u i s i t i o n o f t h e l u n a r

m o d u l e w a s a c c o m p l i s h e db y u s i n g t h e s i t e m a p i n t h e l u n a r g r a p h i c s b o o k

a n d i d e n t i f i c a t i o n o f s u r f a c e f e a t u r e s i n t h e l a n d i n g a r e a . A l s o , o n

r e v o l u t i o n 2 9 , b e t w e e n s c h e d u l e d l a n d m a r k s , t h e l u n a r m o d u l e w a s a g a i n
a c q u i r e d b y m a n u a l o p t i c s . A t t h a t t i m e , t h e s u n c o u l d b e s e e n r e f l e c t -

i n g o f f t h e A p o l l o l u n a r s u r f a c e e x p e r i m e n t p a c k a g e s t a t i o n .

9 . 1 2 . 3 B o o t s t r a p P h o t o g r a p h y

T h e l u n a r t o p o g r a p h i c c a m e r a w a s u s e d o n r e v o l u t i o n M t o o b t a i n

p i c t u r e s o f t h e p r o p o s e d D e s c a r t e s l a n d i n g s i t e f r o m t h e l o w o r b i t . A p -
p r o x i m a t e l y o n e - t h i r d o f t h e w a y i n t o t h e p h o t o g r a p h y p a s s , a l o u d n o i s e

d e v e l o p e d i n t h e c a m e r a . T h e c a m e r a c o u n t e r c o n t i n u e d t o c o u n t a n d t h e

p h o t o g r a p h y p a s s w a s c o m p l e t e d . O n e e n t i r e m a g a z i n ew a s e x p o s e d . S u b -

s e q u e n t t r o u b l e s h o o t i n g e s t a b l i s h e d t h a t t h e s h u t t e r w a s n o t o p e r a t i n g
p r o p e r l y ( s e c t i o n l h . 3 . l ) . T h e o n l y o t h e r p i c t u r e s t a k e n w i t h t h e l u n a r

t o p o g r a p h i c c a m e r a w e r e o f t h e l u n a r m o d u l e l a n d i n g o n t h e s u r f a c e .

T h e f l i g h t p l a n w a s c h a n g e d s o t h a t t h r e e p h o t o g r a p h y p a s s e s o n t h e

D e s c a r t e s s i t e w e r e m a d e u s i n g t h e 5 0 0 - m m l e n s o n t h e T O - m mH a s s e l b l a d

c a m e r a m o u n t e d o n a b r a c k e t i n w i n d o w H ( f i g . 9 - 2 ) . T h e D e s c a r t e s s i t e

w a s t r a c k e d m a n u a l l y w i t h t h e c r e w o p t i c a l a l i g n m e n t s i g h t a n d t h e c a m e r a

m a n u a l l y o p e r a t e d t o e x p o s e a f r a m e e v e r y 5 s e c o n d s . T h e g r o u n d s u p p l i e d
i n e r t i a l a n g l e s a n d t i m e s t o s t a r t t h e c a m e r a a n d t h e s p a c e c r a f t m a n e u v e r

T h e s p a c e c r a f t w a s m a n e u v e r e d i n m i n i m u m i m p u l s e t o k e e p t h e c r e w o p t i c a l
a l i g n m e n t s i g h t o n t h e t a r g e t . T h e s e s a m e p r o c e d u r e s w e r e a l s o u s e d o n

r e v o l u t i o n 3 h t o p h o t o g r a p h t h e a r e a n e a r L a n s b u r g B w h e r e t h e A p o l l o l 3
S - I V B i m p a c t e d .

A v e r t i c a l s t e r e o s t r i p w a s o b t a i n e d o n r e v o l u t i o n 2 6 u s i n g t h e

T O - m mH a s s e l b l a d a n d 8 0 - m m l e n s . T h i s v e r t i c a l s t e r e o s t r i p e n c o m p a s s e d
a l m o s t t h e e n t i r e g r o u n d t r a c k f r o m t e r m i n a t o r t o t e r m i n a t o r . A c r e w

o p t i c a l a l i g n m e n t s i g h t m a n e u v e r w a s a c c o m p l i s h e d a t t h e e n d o f t h e s t r i p
f o r c a m e r a c a l i b r a t i o n .
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Figure 9-2 . - Lunar surface features in Des cartes landing site area .  

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

Approximately half the planne d t argets for orb it al s ci ence hand-held 
photography were deleted be caus e of the flight plan change to use crew 
optical alignment s i ght t racking of the Des cartes site . There were three 
stereo strips taken with the 500-mm lens us ing the hand-held mode 
( fig . 9-3 ) . The ring s i ght was used t o  improve the s i ghting accuracy . 
Utilizat i on of the camera in this mode was quite acceptable as long as 
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a.  Western port i on of King crater with smaller crater 
in left foreground h aving an 0 . 8-mile diameter and 

located 32 . 4  miles from center of King crater . 

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

the spacecraft att itude was s at isfactory for t arget acQuis ition .  During 
this flight , all hand-held photography was t aken at the spacecraft atti­
tude dict ated by other reQuirements .  On a few of the target s , the atti­
tude made it difficult t o  s at i s factori ly acQuire the t arget at the proper 
time out of any window . 
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During the hand-held photography and also during the crew opti cal 
alignment s ight tracking , a variable intervalometer would certainly have 
been an asset . A single-lens reflex camera would greatly simpli fy the 
pointing task . Having orbital s ci ence t argets listed in the flight plan , 
at times they are available , is certainly more preferable than j ust list­
ing them as t argets of opportunity . This is true of both photographic 
and visual t argets . 

b .  Central porti on of 41-mile diameter King crater.  

Figure 9-3 . - Continued.  
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c .  Eastern port i on of King crater ph ot ographe d from 178 mi les aw� . 

Figure 9-3 . - Con c lude d .  

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

The c ame ra confi gurat i on was ch ange d from that li sted in the flight 
plan because the telemet ry cab le was not long enough to reach the camera 
mounted in the hat ch window . Thi s  confi gurat i on was not ch ecked pri or 
to the flight because the bracket arrived lat e  and no b racket was avai l ­
able for the s imul at o r .  A mark was gi ven over the i ntercom and/or the 
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air-to-ground loop on the fi rst and last camera actuat i on of each pass . 
It was noted that the c amera operated close to zero phase on each tar­
get . Eight separate areas were liste d for zero-phase observati ons but 
only six of these were observed.  The other two were cancelled as a re­
sult of a flight plan change . Four of the targets were on the back s i de 
of the moon and two were on the front side . There was a s igni fi cant dif­
ference in the ability to observe the targets at zero phase between the 
back-side and front-side targets . The two signifi cant parameters are 
albedo and st ructural relief ,  or contrast . Because of the lack of con­
trast in relief on the back side ,  the t argets were diffi cult or , in s ome 
cases , impossible to observe at zero phase . Two views of a back-s ide 
target , one at zero phase and one at low phase , are shown in figure 9-4 . 
The two front-side targets were crat ers loc ated in a mare surface . The 
structural relief between the flat surface and the crater rim made the 
targets more visible at zero phase . 

9 . 1 2 . 6  Dim-Light Photography 

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

All of the procedures were completed as listed in the flight plan . 
The only dis crepancy noted was on the earth dark-side photography . There 
was considerable s c attered light in the sextant when it was pointed at 
the dark portion of the earth . There was als o  a double image of the 
earth ' s  cres cent in the s extant . 

9 . 12 . 7  Communi cations 

Communications between the command and service module and the 
Manned Space Flight Network were marginal many times while in lunar 
orbit . The. high-gain antenna pointing angles were very criti cal ; a very 
small adjustment of the angles was the difference between having a good 
communi cation lockup or no acquisition at all ( se ction 14 . 1 . 2 ) . 

The separate communi cations loop for the command and service module 
should be activated s oon after command module/lunar module separation. 
The time between separation and touchdown is an extremely busy time for 
the lunar module and any prolonged communi cation with the command and 
servi ce module is difficult , i f  not impos sib le . VHF communi cati ons with 
the lunar module were good at the time of separation and through touch­
down . On rendezvous , the VHF communications from li ft-off to shortly 

air-to-ground loop on the first and last camera actuation

It was noted that the camera operated close to zero phase

9-25

of each pass.
on each tar-

get. Eight separate areas were listed for zero-phase observations but

only six of these were observed. The other two were cancelled as a re-

sult of a flight plan change. Four of the targets were on the back side

of the moon and two were on the front side. There was a significant dif

ference in the ability to observe the targets at zero phase between the

back-side and front-side targets. The two significant parameters are

albedo and structural relief, or contrast. Because of the lack of con-

trast in relief on/the back side, the targets were difficult or, in some

cases, impossible to observe at zero phase. Two views of

target, one at zero phase and one at low phase, are shown

The two front-side targets were craters located in a mare

structural relief between the flat surface and the crater

targets more visible at zero phase.

9.12.6 Dim-Light Photography

a back-side

in figure 9-M.
surface. The

rim made the

The window shade for the right-hand rendezvous window was easy to

install and appeared to fit properly. In addition to using the window

shade, the flood lights near the right-hand rendezvous window were taped
The green shutter actuation light on the camera was taped and, in gen-

eral, all spacecraft lights were turned off for the dim-light photog-
raphy.

All of the procedures were completed as listed in the flight plan.
The only discrepancy noted was on the earth dark-side photography. There

was considerable scattered light in the sextant when it was pointed at

the dark portion of the earth. There was also a double image of the

earth's crescent in the sextant.

9.12.7 Communications

Communications between the command and service module and the

Manned Space Flight Network were marginal many times while in lunar

orbit. The_high-gain antenna pointing angles were very critical; a very
small adjustment of the angles was the difference between having a good
communication lockup or no acquisition at all (section lh.l.2).

The separate communications loop for the command and service module

should be activated soon after command module/lunar module separation.
The time between separation and touchdown is an extremely busy time for

the lunar module and any prolonged communication with the command and

service module is difficult, if not impossible. VHF communications with

the lunar module were good at the time of separation and through touch-

down. On rendezvous, the VHF communications from lift-off to shortly
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NASA- 5-7 1-1656 

(a) High overhead view with no zero phase washou� , 

Recognizable landmarks are identified with l i ke numbers on each ph<>tO<Jra;ph 

(b) LOW elevation showing zero phase washout. 

Figure 9-4 . - Compari son of vi si bili ty of lunar su rface details looki ng 
west to east i n  the Pasteur crater area. 
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before terminal phase initiat i on were marginal . Als o ,  the VHF ranging 
would not lock up or , when it did ,  a fals e range was indi cated most of 
the t ime . Both antennas were tried , the squelch was adj usted,  and rang­
ing was turned off temporarily . However , none of thes e procedures im­
proved the s ituati on to  any great degree ( section 14 . 1 . 4 ) .  After 
terminal phase initiat i on the voi ce communicat i ons and VHF ranging were 
sat i sfactory . 

9 . 13 TRANSEARTH INJECTION 

The transearth inje ction maneuver was essenti ally nominal in all 
aspect s . The only item worthy of comment occurred about 20 seconds 
prior to the end of the maneuver .  There was a s light hum or buz z  in 
the s ervi ce propulsi on system that continued through shut down . Every­
thing was steady , however , and it was not a matter of great concern . 
The res iduals were plus 0 . 6 ,  plus 0 . 8 ,  and minus 0 . 1  ft /sec . These were 
trimmed to plus 0 . 1 ,  plus 0 . 8 ,  and minus 0 . 3  ft /sec . The firing t ime 
was within 1 second of the pad value . 

9 . 14 TRANSEARTH COAST 

The only midcourse correction during the t ransearth coast phase was 
one reaction control system maneuver performed approximately 17 hours 
after transearth inject i on . The total delta velocity was 0 . 7  ft /sec . 
During the transearth coast phase , a schedule of no-communications navi­
gational s ightings was completed.  The state vector from the t ransearth 
inj ection maneuver was not updated except by navigational sightings . 
The stat e  vector was downlinked to the Network prior to  the one mi d­
course correcti on . The midcourse correction was then incorporated and 
uplinked to the spacecraft . An updated Network stat e  vector was main­
tained in the lunar module s lot at all times . Just prior to  entry , the 
onboard st ate vector compared quit e  well with the vector obt ained by 
Network tracking . In addition to the navigat ional sightings for the 
onboard state vector , additional sightings were performed to obt ain dat a 
on stars outside of the present const raint limits .  The updat es obt ained 
on the const raint stars were not incorporated into the state vector . 
The cislunar navigational s ighting program would be improved i f  a re­
cycle feature were incorporated.  Recalling the program for each mark is 
a drawb ack to expeditious navigational s ightings . 

The rest of the transearth coast was like that of previous lunar 
mi ssions with two exceptions--inflight demonstrations were performed 
to evaluate the effects of zero-gravity on physi cal processes , and a 
command and servi ce module oxygen flow-rat e  test was performed.  Even 
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before terminal phase initiation were marginal. Also, the VHF ranging
would not lock up or, when it did, a false range was indicated most of

the time. Both antennas were tried, the squelch was adjusted, and rang-

ing was turned off temporarily. However, none of these procedures im-

proved the situation to any great degree (section lM.l.M). After

terminal phase initiation the voice communications and VHF ranging were

satisfactory.

9.13 TRANSEARTH INJECTION

The transearth injection maneuver was essentially nominal in all

aspects. The only item worthy of comment occurred about 20 seconds

prior to the end of the maneuver. There was a slight hum or buzz in

the service propulsion system that continued through shutdown. Every-
thing was steady, however, and it was not a matter of great concern.

The residuals were plus 0.6, plus 0.8, and minus 0.1 ft/sec. These were

trimmed to plus 0.l, plus 0.8, and minus 0.3 ft/sec. The firing time

was within l second of the pad value.

9.1M TRANSEARTH COAST

The only midcourse correction during the transearth coast phase was

one reaction control system maneuver performed approximately 17 hours

after transearth injection. The total delta velocity was 0.7 ft/sec.
During the transearth coast phase, a schedule of no-communications navi-

gational sightings was completed. The state vector from the transearth

injection maneuver was not updated except by navigational sightings.
The state vector was downlinked to the Network prior to the one mid-

course correction. The midcourse correction was then incorporated and

uplinked to the spacecraft. An updated Network state vector was main-

tained in the lunar module slot at all times. Just prior to entry, the

onboard state vector compared quite well with the vector obtained by
Network tracking. In addition to the navigational sightings for the

onboard state vector, additional sightings were performed to obtain data

on stars outside of the present constraint limits. The updates obtained

on the constraint stars were not incorporated into the state vector.

The cislunar navigational sighting program would be improved if a re-

cycle feature were incorporated. Recalling the program for each mark is

a drawback to expeditious navigational sightings.

The rest of the transearth coast was like that of previous lunar

missions with two exceptions-inflight demonstrations were performed
to evaluate the effects of zero-gravity on physical processes, and a

command and service module oxygen flow-rate test was performed. Even



9-28 

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

9 . 15 ENTRY AND LANDING 

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

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

This s ect i on is a summary o f  the Apollo 14 medical findings bas e d  
on a preliminary analys is of the biome dical dat a .  A comprehens i ve eval­
uati on wi ll be publis hed i n  a separat e  report . The three crewmen accu­
mulated a total of 650 man-hours of space flight experi ence . 

The crewmen remai ned in excellent health throughout the mis s ion and 
their performan ce was excellent despite an alteration of their normal 
work /res t  cycl e .  All phys i ological parameters obtained from the crew re­
mained within the expect e d  ranges during the flight . No advers e e ffects 
which could be att ributed to the lunar surface exposure have been obs erve d .  

10 . 1  BIOMEDICAL INSTRUMENTATION AND PHYS IOLOGI CAL DATA 

Problems with the Commander ' s  b i ome di cal i ns trument at ion harnes s 
began prior to li ft-off when the sternal ele ctrocardiogram s i gnal be came 
unreadab le 3 minutes after spacecraft ingres s .  A waiver was made to the 
launch mi s sion rule requi ring a re adab le electroc ardiogram on all crew­
men . During the firs t orbit ,  the Commander ' s  sternal ele ct ro c ardiogram 
s ignal returned to normal . 

At about 5 7  l/2 hours , the Commander not e d  that hi s lower s ternal 
s ensor had leaked electrode paste around the s ealing t ape . This s itu­
ati on was corrected by applying fresh ele ctrode paste and tape . 

When the Commander trans fe rred to the portable li fe s upport sys tem 
in preparat i on for the ext ravehi cular activity , his electrocardi ogram 
was s o  noisy on two oc cas i ons that the cardiot achometer output s in the 
Mis s i on Control Center were unus ab le and manual counting of the heart 
rat e  for metab oli c rate as s es sment be came neces sary . A good electro­
cardiogram s i gnal on th e Commander was reacqui red aft er completi on of 
the extravehi cular activity and return to the lun ar module . The threads 
on the top connector of the s i gn al conditi oner were accidentally strippe d .  
Howeve r ,  the elect ro c ardiogram s i gn al was restored for the remainder o f  
the flight by tightening this connector . 

The quality of the Lun ar Mo dule Pilot ' s  ele ctrocardiogram was excel­
lent from spacecraft ingress until approximately three days into the mis­
s i on .  At 'that time , intermittent noi s e  transmi s s i ons typi cal of a loos e 
s ensor were receive d. The lower sternal s ens or was res ervi ced wi th fresh 
paste and t ape . This happene d two additi onal times . No attempt was made 
to correct the s i tuati on on the l as t  o ccurrence . 
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10.0 BIOMEDICAL EVALUATION

This section is a summary of the Apollo lh medical findings based

on a preliminary analysis of the biomedical data. A comprehensive eval-

uation will be published in a separate report. The three crewmen accu-

mulated a total of 650 man-hours of space flight experience.

The crewmen remained in excellent health throughout the mission and

their performance was excellent despite an alteration of their normal

work/rest cycle. All physiological parameters obtained from the crew re-

mained within the expected ranges during the flight. No adverse effects

which could be attributed to the lunar surface exposure have been observed

10.1 BIOM DICAL INSTRUMENTATION AND PHYSIOLOGICAL DATA

Problems with the Commander's biomedical instrumentation harness

began prior to lift-off when the sternal electrocardiogram signal became

unreadable 3 minutes after spacecraft ingress. A waiver was made to the

launch mission rule requiring a readable electrocardiogram on all crew-

men. During the first orbit, the Com ander's sternal electrocardiogram
signal returned to normal.

At about 57 l/2 hours, the Commander noted that his lower sternal

sensor had leaked electrode paste around the sealing tape. This situ-

ation was corrected by applying fresh electrode paste and tape.

When the Com ander transferred to the portable life support system
in preparation for the extravehicular activity, his electrocardiogram
was so noisy on two occasions that the cardiotachometer outputs in the

Mission Control Center were unusable and manual counting of the heart

rate for metabolic rate assessment became necessary. A good electro-

cardiogram signal on the Commander was reacquired after completion of

the extravehicular activity and return to the lunar module. The threads

on the top connector of the signal conditioner were accidentally stripped.

However, the electrocardiogram signal was restored for the remainder of

the flight by tightening this connector.

The quality of the Lunar Module Pilot's electrocardiogram was excel-

lent from spacecraft ingress until approximately three days into the mis-

sion. At that time, intenmittent noise transmissions typical of a loose

sensor were received. The lower sternal sensor was reserviced with fresh

paste and tape. This happened two additional times. No attempt was made

to correct the situation on the last occurrence.
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The Lunar Module 
eighth day of flight . 
ditioner had failed. 

Pilot als o lost his impedance pneumogram after the 
Post flight examination showed that the signal con-

Phys iological measurements were within expected ranges throughout 
the mis s ion . The average crew heart rat es for work and s leep in the 
command module and lunar module are listed in the following t able . 

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

Command module : 

Work 57  66 62 
Sleep 52 46 50 

Lunar module : 

Work 77 -- 76 
Sleep 70 -- --

Figure 10-1 presents the crew heart rat es aft er t rans lunar inject i on 
during the multiple unsuccess ful docking attempts and the final hard dock . NASA-5-71-165 7 
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Figure 10-1. - Crew heart rates during multiple docking attempts .  
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During powered des cent and as cent , the Commander ' s  heart-rate averages 
ranged from 60 to 107 beats per minute during des cent and from 69 t o  83 
beats per minute during as cent , as shown in figures 10-2 and 10- 3 ,  re­
spectively . These heart-rate averages for descent and as cent were the 
lowest observed on a lunar landing mission .  

NASA-S-7 1-1658 
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Figure 10-2 . - Heart rates of the Commander 
during lunar des cent . 
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During powered descent and ascent, the Commander's heart~rate averages

ranged from 60 to 107 beats per minute during descent and from 69 to 83
beats per minute during ascent, as shown in figures 10-2 and 10-3, re-

spectively. These heart-rate averages for descent and ascent were the

lowest observed on a lunar landing mission.
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Figure 10-2.- Heart rates of the Commander

during lunar descent.
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Figure 10-3 . - He art rates of the Commander during lunar as cent . 

He art rates during the two extravehicular activity peri ods are shown 
in figures 10-4 and 10-5 . The Commander ' s  ave rage he art rates were 81 
and 99 b eat s pe r minut e  for the first and s e cond periods , respect i ve ly ; 
and the Lunar Module Pi lot ' s  average he art rates were 91 and 9 5  beats per 
minute .  The met ab ol i c  rates and the accumulat ed met ab oli c product i on of 
each crewman during the extravehi cular activity periods are presented in 
t ab les 10-I and 10-II . A summary of the metab olic product i on during the 
two extravehicular periods is presented in the following t able . 

Met ab oli c producti on 

Crewmen 
First period Second peri od 

Btu/hr Tot al ,  Btu Btu/hr Tot al ,  Btu 

Commande r Boo 3840 910 4156 

Lunar Module Pilot 9 30 4464 1000 4567 
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Alu. .

Figure 10-3 . - H e a r t r a tes o f t he Commande r dur ing l u n a r ascen t .

Hear t r a tes dur ing t he two ex t raveh i cu la r act iv i ty per iods a r e shown

i n f igures 10-M and 10-5. The þÿ �C �o �m�m�a �n �d �e � r  � � sa v e r a g e hea r t r a tes w e r e 81

and 99 bea ts pe r minu te f o r t he f i r s t and second per iods, respect ively;
and the Lunar Modu le þÿ �P � i � l � o � t  � � sa v e r a g e hea r t r a tes w e r e 91 and 95 bea ts pe r

minu te . The metabo l i c r a tes and the accumu la ted metabo l i c product ion o f

each c r e w m a n dur ing t he ex t raveh i cu la r act iv i ty per iods a r e presented i n

t ab les 10- I and 10- I I . A sum a ry o f t he metabo l i c product ion dur ing t he

two ex t raveh i cu la r per iods i s presented i n t he fo l lowing t ab le .

Me tabo l i c product ion I
Crewmen

F i r s t per iod Second per iod

Btu/hr Total , Btu Btu/hr Total , Btu

Com ande r 800 3840 910 4156

Luna r Modu le P i l o t 930 4464 1000 4567
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TABLE 10-I . - METABOLIC ASSESSMENT OF THE FIRST 
EXTRAVEHICULAR AC"riVITY PERIOD 

Stazt D.lratiO!l, Average Metabolic 
Surface act! vi tya timo, metabolic rate , production, 

hr:min min Btu/br Btu 

Coi!IIIM.der 

Cabin depressurization 113:39 8 (b) (b) 
�res a 113:47 4 712 47 
Environmental fam.111 ari zation, modular equipment transporter 113:51 21 1201 420 

unloading. and television deploY'I!Ient 
8-band 81ltenna deployment 114:12 10 1052 175 
Transfere.l of e:�:pendablea 114:22 19 717 227 
United States flaa, deployment and photography 114 :41 6 726 73 
lunar module and site inspection 114:47 18 587 176 
Television tr8llster to scientific equipment bq 115:05 3 868 43 
Experiment packase ottloading 115:08 13 690 149 
Unknown activity 115:21 1 651 11 
TelevisiO!l positioning 115:22 3 840 42 
M:ldular equlpnent transporter loading 115:25 15 733 183 
l.lnk.l'lown activity 115 :Qo 6 581 58 
Traverse to e:.:periment package deployment site 115:46 15 984 246 
UnknOYII act! vi ty 116:01 3 677 34 
E.r:periment pack� syste111 interconnect , passive seismic off- 116:01.1 26 194 344 

loading . laset' l"'EEn&ing :retro-:ref'lec:tor deployment 
Charged particle lunar environment experiment deployment 116:30 5 496 41 
Deployment of e:.:periment package antenna, passive seismic 116:35 63 517 543 

expet'iment. and laser ranging :retro--:reflector ; and sample 
collection 

Return traverse 117:38 16 1273 339 
UnknOWD act! vi ty 117:54 6 1735 174 
Sample collection 118:00 3 1165 58 
Extravehicular activity closeout 118:03 16 1029 274 
Ingress 118:19 4 1098 73 
Cabin repressuri:tation 118:23 4 793 53 

Total �:li8 288 'aoo d
3783 

Lunar Module Pilot 

Cabin depressurizatiCil 11-3 :39 8 (b) (b) 
Pre-egress operations 113:47 8 711 95 
Egress 113:55 2 1582 53 
Environmental fe.miliari�tion , contingency sample c:ollecticm 113:57 15 901 225 
Deployment of solar vind composition experimeJrt. 114:12 2 10�5 35 
Iaser r81lging rett'o-refiector unloading 114:14 9 1061 159 
Ingress 114:23 2 1265 42 
S-band 81ltenn.a svi tching 114 :25 12 1195 239 
Egress 114 :37 2 889 30 
camera setup 114:39 4 883 59 
United States flag deployment and photography 114:43 4 948 63 
Traverse to television 114:�7 3 747 37 
Television panorwna 114 :50 10 620 103 
M:ldular equipment transporter deployment 115:00 8 746 99 
Experiment package offloading 115:08 38 1038 657 
Traverse to e:.:periment package deploY'I!Ient site 115:46 15 1098 275 
UnknOWD activity 116:01 2 786 26 
Experiment package system interconnect. tbUI:Ilper and geophcne 116:03 23 786 301 

unloading 
Mortar offload 116:26 3 972 49 
l.Jnknawn activity 116:29 5 778 65 
Supratbermal iOn detector experir��:mt unloading Wid deployment 116:34 11 905 156 
Penetrometer activity 116:45 2 795 26 
Geopbone deployment 116:47 15 941 235 
Th.Ullper activity 117:02 32 707 377 
Unknown act! vi ty 117:31.1 3 634 32 
Mortar pac:k arming 117:37 4 695 46 
Unknovn act! vi ty 117 :41 1 721 12 
Return traverse 117:42 12 1041 208 
Extt'avehic:ular activity closeout 117:54 21 1111 389 
Ingress 118:15 3 1231 62 
Extravehicular activity te:nnination 118:18 5 12�8 104 
Cabin repress uri zation 118:23 4 915 61 

Total 4,48 288 ¢930 
d

4320 

�efer to figure 3-1 tor lunar surface activity sites. 
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Cumulative metabolic 
production b 

Btu 

(b) 
47 

467 

642 
869 
942 

1118 
1161 
1310 
1321 
1363 
1546 
16o4 
1850 
1884 
2228 

2269 
2812 

3151 
3325 
3383 
3657 
3730 
3783 

3783 

(b) 
95 

148 
313 
408 
567 
6o9 
848 
878 
937 

1000 
1037 
111.10 
1239 
1896 
2171 
2197 
2498 

2547 
2612 
2768 
2794 
3029 
3�06 
3li38 
3�8� 
3496 
370li 
4093 
4155 
4259 
4320 

4320 

b.An 8 minute loss of the biomedical data signal occurred at the beginning of the extravehicular activity period. 
cAverage value . 
�e total met aboli c  production for the entire 4 hour �8 minute period, including metabolic production during the first 8 minut e s ,  

is 3840 and �464 Btu for the Coolmander an d  Lunar J!bdule Pilot, respectively, 

TABLE 10-I.- þÿ�M�E�'�1 ��A�B�O�L�I�CASSESSMENT OF THE FIRST

EXTRAVEHICULAR ACPIVITY PERIOD
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Star t
mr" im Average lh tnbol ic Cumula t ive metabol ic

.Sur face þÿ�a�c�t�i�v�i�t�y � t ime, mln
' metabol ic rate, production, d t i

b

hrmin Btufhr Btu pro gsm
m

Domnnder

Cabin depressurization 113:39 (D) (b) fb)
rem, neun 712 ur uv
Envi ronmenta l famil larlzatlon, modular equipment transporter 113:51 1201 |420 |567

unloading, and te lev is ion deployment
E-band antenna deployment 11|5:12 1052 175 6|¢2

Trnnafera l . of expendahlen 11|5:22 717 227 869
lh i ted States f lag deployment and photography 11|: : | | l 726 73 9||2
lunar module and al te inspect ion 1l|4:|57 587 176 1118

Televis ion t ransfer to ac ient i t l c equipment bq 115:05 868 |13 1161

Experiment package off loading 115:08 690 1|:9 1310
lhknmrn activi ty 115:21 651 l l 1321

Televis ion posit ioning 115:22 8|a0 |12 1363
lhdu lar equflqlent t ransporter loading 115:25 733 183 15|56
lmknovn activi ty 115 250 531 58 1505
Traverse to experiment package deployment al te l15:|56 98|4 2|56 1850
lhknovn activi ty 116:01 677 3|5 18815

Experiment package system interconnect, paaaive seiamic of f - 116:0|a ' f9|5 3|. | | | 2228

loading. laser l 'h51ng re t ro- re f lec tor deployment
Charged part ic le lunar envi ronment experiment deployment 116:30 |596 |51 2269
l lp loyment of experiment package antenna, passive seismic 116:35 517 5|:3 2812

experiment, and laser ranging retro-ref lector ; and sawle
col lect ion

Return t raverae 117:38 1273 339 3151
Unknmm activi ty 1l7:5|5 1735 17|: 3325

Sample co l lec t ion 118:00 1165 sa 3383
Ext raveh lcu lar activi ty c loseout 118:03 1029 27|: 3657
Ingreaa 118:19 1098 73 3730
Cabin repreasurization 118:23 793 53 3783

- rom me °mo þÿ ��a�m 3783

lunar lhdule Pi lo t

cabin depressurizatlm 11-3:39 8 tb) (b) (11)
Pm-egress aperat lona . ' |13:| |7 B 711 95 95

Egresa 113:55 2 1582 53 1|:8
Envi ronmenta l tamll iarination, contlngenqy aample ool lect im 113:57 15 901 225 373

Deployment of ao lar V ind oompoalt lon experiment 11|5:12 2 10|i5 35 |508
laser ranging retro-ref lector unloading 11|: :1|5 9 1061 159 567
Ingreaa

'

11|5:23 2 1265 |52 609
S-band antenna auitching 115:25 12 1.195 239 8|¢8

Egreaa ]_1|5:37 2 889 30 878
Camera aetup l1|5:39 | : 883 59 937
Uni ted States t lag deployment and photography 11|5:| |3 |5 9|58 63 1000

Traverse to te lev la ion 1l|5:||7 3 7|:7 37 1037
Telev is ion panorana 11|5:50 10 520 103 11|a0
Modular equipnent t ransporter deployment 115:00 8 7|:6 99 1239

hperlment package ott loadlng 115:08 38 1038 657 1896
Traverse to experiment package deployment al te 115:|56 15 1098 275 2171
lhknmm activi ty 116:01 2 786 26 2197

Experiunt package ayatem interconnect, thumper and genphme 116:03 23 786 301 2|:98

unloading
Mortar of t load 116:26 3 972 bg 25|5T
l lhknovn activi ty 116:29 5 778 65 2612

Suprathernnal lon detec to r experi lent unloading and deployment l16:3|5 11 905 156 2768
Penetrometer activi ty 116:|55 2 795 26 279|5
Geophone deployment 116:57 15 9|51 235 3029

Thumper act ivi ty 117:02 2 707 377 3||06
unknown walvny 117:35 3 63h 32 31:38
l lo r ta r pack armina 117:37 |5 695 |56 3|»8|5
lhknown activi ty J17:| :1 1 721 12 3|596
Return t raverae l17:|52 12 10|51 208 370|5
Extravehlcu lar activi ty c loaeout Jl7:5|5 21 1111 389 |5093
Ingreaa 118:15 3 1231 62 |5155
lk t ravehicular activi ty terminat ion 118:18 5 l2| |B 10|5 |5259
Cabin repressurizat lon 118:23 |5 915 61 |5320

W- "=~° _

;1|eterto f igure 3-1 fo r lunar aur face activi ty ai tea.

An 8 minute loas ot the biomedical data ai lha l occurred at the beginning of the extravehlcular act iv i ty period.

eltverageva lue .

d'!hetota l metabol ic production fo r the ent i re 5 hour |58 minute Period, including metabol ic production during the f i ra t 8 minutes,

ia 38|50 and | | | |6|5Btu to r the Caumander and l unar Mnmle Pi lo t . respect ively.
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TABLE 10-II.- METABOLIC ASSESSMENT OF THE SEOOND EXTRAYniiCULAR, PERIOD 

StartiJJB Duration, Surface e.ctivitya. time, 
hr :min min 

Commander 

Cabin depressurization 131:08 5 
Egresf> 131:13 7 
Familiari ze.tion and transfere.l of equipnent transfer bag 131:20 8 
M::>dular equipment transporter loading 131:28 10 
Lunar portable magnetometer offloading 131:38 5 
Evaluation of modular equipment transporter track 131:43 5 
Lunar t110dule to A traverse 131:"48 6 
Station A activity 131 : 5 4  32 
A to B traverse 132:26 a 

it::i:l:a �;�::e b 
132 :311 5 
132.:39 3 

Station Delta activity 132:42 3 
Delta to Bl traverse 132:45 3 
Station Bl activity 132:48 4 
Bl to B2 traverse 132:52 5 
Station B2 activity 132:5T 3 
B2 to B3 traverse 133:00 14 
Station B3 e.cti vi ty 133:14 2 
B3 to C1 traverse 133:16 6 
Station C' activity 133:22 16 
C' to Cl traverse 133 :38 2 
Station Cl activity 133 :40 6 
Cl to C2 traverse 133:46 6 
Station C2 activity 133 : 5 2  2 
C2 to E traverse 133 : 5 4  6 

Station E activity 134 : 00  2 
E to :r traverse 134:02 4 
Station F activity 134:06 3 
F to G traverse 1311:09 2 
Station G activity 134:11 36 
G to Gl traverse 134:117 2 
Station. Gl activity 134 :49 3 
Gl to lunar module 134 :52 3 
Extravehicular activity closeout 134:55 40 
Extravehicular activity termination 135 :35 6 
Post-extravehicular activity operations end cabin repres- 135 :41 2 

surization 

Total 4 : 3 5  275 

Lunar Module Pilot 

Cabin depressuri zation 
Ee;ress 
M:ldular equiJl!llent transporter preparation 
Lunar portable magnetometer off1oa.d.ing 
Lunar portable magnetometer operation 
Lwlar module to A travene 
Station A activity 
A to I! traverse 
Station B activity 
B to Delta traverse 
Statiao Delta activity 
Delta to Bl traverse 
Station Bl activity 
Bl to B2 traverse 
Station B2 activity 
B2 to B3 traverse 
Station B3 activity 
B3 to C' traverse 
Station C' activity 
C' to Cl traverse 
Station Cl activity 
Cl to C2 traverse 
Station C2 activity 
C2 to E traverse 
Station E activity 
E to F traverse 
Station :r activity 
F to G traverse 
Station G activity 
G to Gl traverse 
Station Gl activity 
Gl to lunar module 
Unknovn activity 
Extravehicular activity closeout 
Extravehicular activity termination 
Post-extravehicular activity operations and cabin repres:suri-

zation 

Total 

�fer to figure 3-1 for lunar surface activity sites. 

c!!:;:;:: �a.i�
.

1ocation is about 38o feet past Station B. 

131:08 12 
131:20 1 
131:21 18 
131:39 5 
131 :114 2 
131:46 8 
131:54 32 
132:26 a 
132:311 5 
132 :39 3 
132:112 2 
132:44 4 
132:48 4 
132 : 52 5 
132 : 57 3 
133:00 14 
133:14 2 
133:16 6 
133:22 16 
133:38 2 
133:110 6 
133:46 6 
133:52 2 
133:511 6 
1311:00 2 
1311:02 � 
134:06 3 
1311 :09 2 
134:11 36 
134 :47 2 
134:49 3 
134 :52 3 
134:55 2 
134:57 2a 
135 :25 10 
135:35 8 

4:35 275 

Average 
metabolic rat e ,  

Btu/br 

486 
750 
423 
410 
465 
423 
562 
509 
761 
772 
84� 
92a 

1068 
1228 
1362 
11155 
1492 
1655 
1810 
1020 

970 
1272 

945 
896 

12411 
112a 
1281 

94o 
1lla 

779 
1065 

935 
1209 
1.108 

903 
118o 

. 

c910 

410 
633 
633 
756 
921 
829 
606 
a4o 
555 
a93 

1013 
1272 

a24 
ll54 
1336 
1251 
l973 
2064 
ll42 
1283 
1160 
1057 
1171 
1331 
13111 
1463 
1640 
1551 

993 
1504 
1260 
1558 
11115 
1082 
1.102 

996 

c
1000 

Metaboli c CUmulative metabolic 
production, production, 

Btu Btu 

88 a a 
�0 12a 
56 184 
6a 252 
39 291 
35 326 
56 3a2 

271 653 
101 754 

64 a18 
42 86o 
46 906 
53 959 
a2 1041 

113 1.154 
73 1227 

348 1575 
55 1630 

181 1811 
272 2083 

32 2115 
127 2242 

95 2337 
30 2367 

124 2491 
3a 2529 
85 2614 
47 2661 
37 2698 

467 3165 
35 3200 
47 3247 
6o 3307 

739 4046 
90 4136 
20 4156 

11156 11156 

a2 82 
11 93 

190 283 
63 346 
31 377 

111 488 
323 811 
112 923 

46 969 
45 1014 
34 10118 
85 1133 
55 1188 
96 12811 
67 1351 

292 1643 
66 1109 

206 1911 
304 2237 

43 2257 
116 2373 
106 2479 

39 2518 
134 2652 

45 2691 
97 2794 
82 2876 
52 2928 

596 3524 
50 35711 
63 3637 
7a 3715 
47 3762 

504 4267 
184 41151 
116 4567 

4567 4567 
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TABLE 10-I1.- HBTABOLIC ASSESSMENT' OP TBE SEUJHD KX'l'RAV!1lICULAR»PB2IOD

Starting mrnion
Average lbtaholic Cumulative metabolic

Surface þÿ�a�c�t�i�v�i�t�y � tim, 1
þÿ � metabolic rate, production, production,

ln-:mia
"' D

Btu/hr stu Btu

Commander

Cabin depreasurization 131:08 5 |086 B8 88

Eg-ess 131:13 1 150 ko 128
Familiuization and transfera.1 of equipment transfer bag 131:20 8 |023 56 l8|4
lbdular equipment transporter loading 131:28 10 |010 68 252
Lunar portable magnetometer otfloading 131:38 5 |065 39 291
Evaluation of modular equipment transporter track 13l:|03 5 |023 35 326
Lunar mdule to A traverse l3l:|48 6 562 56 382
statim A activity 131 :5l0 32 509 271 653
A to B traverse 132:26 8 761 101 T5|0
Station B activity 132 :Ish 5 772 610 B18
B to Delta traveneb 132439 3 Bhh h2 B60
Station Delta activity 1]2;||2 3 928 |06 906
Delta to B1 traverse 132:|05 3 1068 53 959
Sf-Biiw |31 \¢¢iVit¥ l32:|08 |0 1228 82 10|0l
Bl to B2 traverse 132:52 5 1362 113 1.15|0
Station B2 activity 132:57 3 11455 73 1227
B2 to B3 traverse 133:00 1|0 1|092 3|08 1575
Station B3 activity 133;1h 2 1655 55 1630
B3 to C' traverse 133:16 6 1810 181 1B11
Station C' activity 133:22 16 1020 272 2083
C' to C1 traverse 133:38 2 910 32 2115
station Cl activity 133:80 6 1272 127 22||2
C1 to C2 traverse 133:|06 6 9|05 95 2337
Station C2 netivitv 133:52 2 896 30 2367
C2 to E traverse 133-5|0 6 12l0|» 1210 2|091

Station E act1vit¥ 13|0:00 2 1128 38 2529
E to Ii' traverse 13|0:02 |0 1281 85 261|0
Station F activity 13|0:06 3 9|00 |07 2661
F to G traverse 13|0:09 2 1118 37 2698
statma c act1vit¥ 13h=11 36 779 |061 3165
G to G1 traverse 13|0:|47 2 1065 35 3200
Station G1 activity ]_3|;;|;9 3 Q35 |01 32|07
G1 to lunar module ]3|0 :52 3 1209 60 3307

Zxtravebicular activity closeout 13|0:55 |00 1.108 T39 |00|06
Extravebicular activity termination 135:35 6 903 90 |0136
Post-extravehicular activity operations and cabin repres- 135:|01 2 1180 20 |0156

su:-ization _

Total 10:35 275 C910 |0156 |0156

LHB!! Mudllle Pilot

Cabin depressurization 131:08 12 |010 82 82

Egrese 131:20 1 633 11 93
Modular equilment transporter preparation 131:21 18 633 190 253
Lunar portable mayzetometer offloading 131:39 5 T56 63 3|06
Lunar portable mngnetometer operation 131;hl0 2 921 31 377
lunar module to A traverse 131:|06 8 829 111 |088

Station A activity 131¢5h Q 606 323 811
A to B trlverse 132:26 B B000 112 923
Station B activity 132:3|0 5 555 |06 969
B to Delta traverse 132:39 3 593 |05 101|0
Statim nclta activity 132:|02 2 1013 310 l0|48
Delta to Bl traverse 132;l|l; I; 1272 85 1133
Station B1 activity 13?:|08 |0 82|4 55 1188

Bl to B2 traverse 132:52 5 115|0 96 128|0
Station B2 activity 132:51 3 1336 61 1351
B2 to B3 traverse 133:00 1|0 1251 292 16|03
Station B3 activity 133,111 2 1913 66 1709
B3 to C' traverse 133:16 6 206|0 206 1917
Station C' activity 133:22 16 11|02 30|0 2237
C' to Cl traverse 133:38 2 1283 |03 2257
Station C1 activity 133:|00 6 1160 116 2373
C1 to C2 traverse 133:|06 6 1051 106 2|079
Station C2 activity 133:52 2 1117 39 2518
I2 to E traverse 133514 6 1331 13|0 2652
Station Z activitll 13|0»:00 2 13|01 |05 2697
E to F traverse 13|0:02 |0 1|063 97 279|0
Station F activity 13|0:06 3 16|00 82 2876
F to G traverse 13|0:09 2 1551 52 2928
Station G activity 13|0:]1 36 993 596 352|0
G to G1 traverse 13|0:|07 2 150|0 50 357|0
station G1 activity 13|0:|09 3 1260 63 3637
G1 to lunar module 13|0:52 3 1558 78 3715
Unknown activiw 13h=55 2 1|015 |01 3762
Extravehicular activity closeout 13|0:57 28 1082 50|0 |1267
Extravehicular activity termination 135:25 10 1.102 135 |0551
Poat-extravehicular activity operations and cabin repregguri- 135:35 8 996 116 |0567

_

:ation

Total 1,35 215 c1000 |0567 |0561

;`Rcferto figure 3-1 for lunar surface activity sites.

cstation Delta location is about 380 feet past Station B.

Average value .
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10 . 2  MEDICAL OBSERVATIONS 

10 . 2 . 1  Adapt ation to Weightles s ne s s  

Adaptati on to the wei ghtle s s  s t at e  was readi ly ac complishe d .  Shortly 
after orbital inserti on , e ach crewman experi enced the typical fullnes s ­
of-the-head s ensation th at has been reporte d  by previ ous flight crews . 
No naus e a ,  vomiting , vertigo , or dis ori entat i on occurred during the mi s ­
s i on ,  and the crew di d not ob s erve di stortion o f  facial features , s uch 
as rounding of the face due t o  lack of gravity , as reported by s ome pre­
vious crewme n .  

During the first two days o f  fli ght , the crew report ed dis comfort 
and soreness of the lower b ack mus cles as has been noted on previ ous mi s ­
s i ons . The dis comfort was suffi ci ent in magni t ude to interfere with s leep 
during the first day of the mi s s i on ,  and was attribut e d  to changes in 
posture duri ng weightlessnes s .  Inflight exercise provi ded reli e f .  

10 . 2 . 2  Vis ual Phenomenon 

Each crewman report e d  seeing the streaks , points , and flas hes of 
light that have been noted by previ ous Apollo crews . The frequency of 
the light flashes averaged ab out once every 2 minutes for each crewman . 
The visual phenomenon was obs erved with the eyes b oth open and clos e d ,  
an d  the crew was more aware o f  the phenomenon immedi ately upon awakening 
than upon retiring . In a s pe c i al ob servation peri od set as i de during the 
transe arth coast phase , the Command Module Pilot determined th at dark 
adaptat i on was not a prerequis ite for s e eing the phenomenon if the level 
of spac e craft i lluminat i on was low . Furthermore , s everal of the light 
flashes were apparently s een by two of the crewmen s imultaneous ly . Coin­
ci dence of light flashes for two crewmen , i f  a true coinci dence , would 
s ubstantiate that the flashes originat ed from an external radi ati on s ource 
and would indi c ate th at they were generat e d  by extremely-high-energy par­
ti cles , presumab ly of cosmic origin . Low-energy highly-ioni zing part i cles 
would not have the range through tis sue to have re ache d b oth crewmen .  

10 . 2 . 3  Me di cat i ons 

No medi cat i ons other than nos e drops , to relieve nas al stuffiness 
caused by spacecraft atmosphere , were us ed during the mi s s i on .  On the 
third day of fli ght , the Commander and the Lunar Module Pi lot used one 
drop in each nostri l .  Reli ef was prompt and lasted for approximately 
12 hours . The Command Module Pilot us ed the nose drops 3 hours prior 
to entry . 

10.2 MEDICAL OBSERVATIONS

10.2.1 Adaptation to Weightlessness

10-ll

Adaptation to the weightless state was readily accomplished. Shortly
after orbital insertion, each crewman experienced the typical fullness-

of-the-head sensation that has been reported by previous flight crews.

No nausea, vomiting, vertigo, or disorientation occurred during the mis-

sion, and the crew did not observe distortion of facial features, such

as rounding of the face due to lack of gravity, as reported by
vious crewmen.

some pre-

During the first two days of flight, the crew reported discomfort

and soreness of the lower back muscles as has been noted on previous mis-

sions. The discomfort was sufficient in magnitude to interfere with sleep
during the first day of the mission, and was attributed to changes in

posture during weightlessness. Inflight exercise provided relief.

10.2.2 Visual Phenomenon

Each crewman reported seeing the streaks, points, and flashes of

light that have been noted by previous Apollo crews. The frequency of

the light flashes averaged about once every 2 minutes for each

The visual phenomenon was observed with the eyes both open and

and the crew was more aware of the phenomenon immediately upon

than upon retiring. In a special observation period set aside

crewman.

closed,
awakening
during the

transearth coast phase, the Command Module Pilot determined that dark

adaptation was not a prerequisite for seeing the phenomenon if the level

of spacecraft illumination was low. Furthenmore, several of the light
flashes were apparently seen by two of the crewmen simultaneously. Coin-

cidence of light flashes for two crewmen, if a true coincidence, would

substantiate that the flashes originated from an external radiation source

and would indicate that they were generated by extremely-high-energy par-

ticles, presumably of cosmic origin. Low-energy highly-ionizing particles
would not have the range through tissue to have reached both crewmen.

10.2.3 Medications

No medications other than nose drops, to relieve nasal stuffiness

caused by spacecraft atmosphere, were used during the mission. On the

third day of flight, the Commander and the Lunar Module Pilot used one

drop in each nostril. Relief was prompt and lasted for approximately
12 hours. The Command Module Pilot used the nose drops 3 hours prior
to entry.
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On this mi s s i on , the nasal spray bottles in t 
kit were replaced by dropper bottles because previ 
di fficulties in obtaining medication from spray b <  
crew reported no problems ass ociated with the dro1 

10 . 2 . 4 Sleep 

infli ght medi cal 

s crews had reported 
les in zero-g. The 
r bottle . 

The shift of the crew ' s  normal terrestrial sleep cycle during the 
first four days of flight was the largest  experienced so far in the 
Apollo series . The displacement ranged from 7 hours on the first mission 
day to ll-l/2 hours on the fourth . The crew reported some di ffi culty 
s leeping in the zero-g environment , parti cularly during the first two 
sleep periods . They att ributed the problem principally to a lack of 
kinesthetic sensations and t o  mus cle soreness in the legs and lower back . 
Throughout the mi s s ion , sleep was intermittent ; i . e . , never more than 2 
t o  3 hours of deep and continuous sleep. 

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

Following t ransearth inje ction , the crew s lept better than they had 
previously . The lunar module crewmen required one additional sleep per­
i od to make up the s leep deficit that was incurred while on the lunar 
surface . 

The crewmen reported during postflight di scussions that they were 
definitely operating on their physiological reserves because of inade­

quate sleep . Thi s  lack of sleep caused them some concern ; however,  all 
t asks were performed sat i s factorily . 

10 . 2 .  5 Radiati on 

The Lunar Module Pilot ' s  personal radiation dosimeter failed to in­
tegrate the dosage properly after  the first 24 hours of flight . To en­
sure that each lunar module crewman had a functi onal dosimeter while on 
the lunar surface , the Command Module Pilot trans ferred his unit to the 
Lunar Module Pilot on the fourth day of the mi s s i on . The final readings 
from the personal radiat ion dosimeters yielded net integrated ( uncorrected ) 
values of 640 and 630 millirads for the Commander and the Command Module 
Pilot , respectively . No value can be determined for the Lunar Module 
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On this mission, the nasal spray bottles in 1 inflight medical

kit were replaced by dropper bottles because previ 's crews had reported
difficulties in obtaining medication from spray b< les in zero-g. The

crew reported no problems associated with the dro} r bottle.

lO.2.h Sleep q_.¢

The shift of the crew's normal terrestrial sleep cycle during the

first four days of flight was the largest experienced so far in the

Apollo series. The displacement ranged from T hours on the first mission

day to ll-l/2 hours on the fourth. The crew reported some difficulty
sleeping in the zero-g environment, particularly during the first two

sleep periods. They attributed the problem principally to a lack of

kinesthetic sensations and to muscle soreness in the legs and lower back.

Throughout the mission, sleep was intermittent; i.e., never more than 2

to 3 hours of deep and continuous sleep.

The lunar module crewmen received little, if any, sleep between their

two extravehicular activity periods. The lack of an adequate place to

rest the head, discomfort of the pressure suit, and the 7-degree starboard

list of the lunar module caused by the lunar terrain were believed re-

sponsible for this insomnia. The crewmen looked out the window several

times during the sleep period for reassurance that the lunar module was

not starting to tip over.

Following transearth injection, the crew slept better than they had

previously. The lunar module crewmen required one additional sleep per-
iod to make up the sleep deficit that was incurred while on the lunar

surface.

The crewmen reported during postflight discussions that they were

definitely operating on their physiological reserves because of inade-

quate sleep. This lack of sleep caused them some concern; however, all

tasks were performed satisfactorily.

lO.2.5 Radiation

The Lunar Module Pilot's personal radiation dosimeter failed to in-

tegrate the dosage properly after the first 2h hours of flight. To en-

sure that each lunar module crewman had a functional dosimeter while on

the lunar surface, the Command Module Pilot transferred his unit to the

Lunar Module Pilot on the fourth day of the mission. The final readings
from the personal radiation dosimeters yielded net integrated (uncorrected)
values of 6ho and 630 millirads for the Commander and the Command Module

Pilot, respectively. No value can be determined for the Lunar Module
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Pilot . The total radiation dose for each crewman was approximately 1 . 15 
rads to the skin and 0 .6 rad at a 5-centimeter tissue depth . These doses 
are the largest observed on any Apollo mission ;  however , they are well 
below the threshold of detect able medical effects .  The magnitudes  of the 
radi ation doses were apparently the result of two fact ors : ( 1 ) The trans ­
lunar inj ection traj e ct ory lay closer to the plane of the geomagneti c 
equat or than that of previous flight s and, therefore , the spacecraft 
traveled through the heart of the trapped radiation belts . ( 2 )  The space 
radiation background was greater than previously experienced. Whole -body 
gamma spectroscopy was also performed postflight on the crew and indi­
cated no cosmic ray induced radioactivity . 

10 . 2 . 6  Water 

The crew reported that the taste of the drinking water in both the 
command module and the lunar module was excellent . All eight scheduled 
inflight chlorination s  of the command module water system were accom­
plished. Preflight testing of the lunar module pot able wat er system 
showed that the i odine level in both water tanks was adequate for bac­
teri al protect i on throughout the flight . 

10 . 2 . 7  Food 

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

a .  Lobster bisque ( freeze dehydrated) 

b .  Peach ambrosia ( freeze dehydrated) 

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

d.  Diced peaches (thermostabili zed) 

e .  Mixed fruit (thermostabili zed ) 

f .  Pudding (thermostabilized) 

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

Prior to the mi s si on , each crewman evaluated the available food 
items and selected his individual flight menu. These menus provided 
approximately 2100 calories per man per day . During most of the flight , 
the crew maintained a food consumption log . The Commander and the Lunar 
Module Pilot ate all the food planne d for each meal ,  but the Command 
Module Pilot was sati sfied with less . 
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Pilot. The total radiation dose for each crewman was approximately 1.15
rads to the skin and 0.6 rad at a 5-centimeter tissue depth. These doses

are the largest observed on any Apollo mission; however, they are well

below the threshold of detectable medical effects. The magnitudes of the

radiation doses were apparently the result of two factors: (1) The trans

lunar injection trajectory lay closer to the plane of the geomagnetic
equator than that of previous flights and, therefore, the spacecraft
traveled through the heart of the trapped radiatio belts. (2) The space
radiation background was greater than previously experienced. Whole-body
gamma spectroscopy was also performed postflight on the crew and indi-

cated no cosmic ray induced radioactivity.

10.2.6 Water

The crew reported that the taste of the drinking water in both the

command module and the lunar module was excellent. All eight scheduled

inflight chlorinations of the command module water system were accom-

plished. Preflight testing of the lunar  odule potable water system
showed that the iodine level in both water tanks was adequate for bac-

terial protection throughout the flight.

10.2.7 Food

The inflight food was similar to that of previous Apollo missions.

Six new foods were included in the menu:

a. Lobster bisque (freeze dehydrated)

b. Peach ambrosia (freeze dehydrated)

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

d. Diced peaches (thermostabilized)

e. Mixed fruit (thermostabilized)

f. Pudding (thermostabilized)

The latter three items were packaged in aluminum cans with easy-open,

full-panel, pull-out lids. The crew did not report any difficulties

either with removing the pull-out lids or eating the food contained in

these cans with a spoon.

Prior to the mission, each crewman evaluated the available food

items and selected his individual flight menu. These menus provided
approximately 2100 calories per nmn per day. During most of the flight,
the crew maintained a food consumption log. The Commander and the Lunar

Module Pilot ate all the food planned for each meal, but the Command

Module Pilot was satisfied with less.
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R ecovery- day physical examinations revealed that the Commander and 
the Lunar Module Pilot had maintained their approximate preflight weight, 
while the Com mand Module Pilot lost nearly 1 0  pounds. The Com mand Module 
Pilot stated that he would have preferred a greater quantity of food items 
requiring little or no preparation time . 

10 . 3  PHYSICAL EXAMINATIONS 

Each crewman received a comprehensive physical examination at 27, 
1 5, and 6 days � rior to launch, with brief examinations conducted daily 
during the last 5 days before launch. 

Shortly after landing , a comprehensive physical examination showed 
that the crew was in good health. Both the Commander an d the Command 
Module Pilot had a small amount of clear, bubbly fluid in the left middle­
ear cavity and slight reddening of the eardrum s. These findings disap­
peared in 24 ho urs without treatment. The Lunar Module Pilot had mode­
rate eyelid irritation in addition to slight redness of the eardrums. 
All crew men showed a mild temporary reaction to the micropore tape cover­
ing their biomedical sensors. This reaction subsided within 2 4  hours. 

1 0 . 4  FLIGHT CREW HEALTH STABILIZATION 

Du ring previous Apollo missions, crew illnesses were responsible 
for numerous medical and operational difficulties. Three day s before 
the Apollo 7 launch, the crew developed an upper respiratory infection 
which subsided before lift-off , but recurred infligh t. Early on the 
Apollo 8 mission, one crewman developed sy mptoms of a 24- hour viral gas­
troenteritis which was epidemic in the Cape Kennedy area around launch 
time. About two day s prior to the Apollo 9 flight, the crew developed 
common colds which necessitated a delay of the launch for three day s. 
Nine days before the Apollo 13 launch, the back up Lunar Module Pilot de­
veloped Germ an  meas les (rubella) and inadvertently exposed the prime Com­
mand Module P ilot. The day before launch, the prime Command Module Pilot 
was replaced by his back up counterpart because laboratory tests indicated 
that the prime crewman was not immune to this highly communicable disease 
with an incubation period of approximately two week s. 

In an attempt to prot ect the prime an d backup flight crew members 
from exposure to communicable disease during the critical prelaunch an d 
flight periods, such as experienced on previous flight, a flight crew 
health stabilization program was implemented. This program consisted of 
the following phases: 

l0-lh

Recovery-day physical examinations revealed that the Commander and

the Lunar Module Pilot had maintained their approximate preflight weight,
while the Command Module Pilot lost nearly lO pounds. The Command Module

Pilot stated that he would have preferred a greater quantity of food items

requiring little or no preparation time.

10.3 PHYSICAL EXAMINATIONS

Each crewman received a comprehensive physical examination at 27,
l5, and 6 days prior to launch, with brief examinations conducted daily
during the last 5 days before launch.

Shortly after landing, a comprehensive physical examination showed

that the crew was in good health. Both the Commander and the Command

Module Pilot had a small amount of clear, bubbly fluid in the left middle-

ear cavity and slight reddening of the eardrums. These findings disap-
peared in 2h hours without treatment. The Lunar Module Pilot had mode-

rate eyelid irritation in addition to slight redness of the eardrums.
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mild temporary reaction to the micropore tape cover-

sensors. This reaction subsided within 2h hours.

FLIGHT CREW HEALTH STABILIZATION

Apollo missions, crew illnesses were responsible
and operational difficulties. Three days before

the crew developed an upper respiratory infection

which subsided before lift-off, but recurred inflight. Early on the

Apollo 8 mission, one crewman developed symptoms of a 2h-hour viral gas-
troenteritis which was epidemic in the Cape Kennedy area around launch

time. About two days prior to the Apollo 9 flight, the crew developed
common colds which necessitated a delay of the launch for three days.
Nine days before the Apollo 13 launch, the backup Lunar Module Pilot de-

veloped German measles (rubella) and inadvertently exposed the prime Com-

mand Module Pilot. The day before launch, the prime Command Module Pilot

was replaced by his backup counterpart because laboratory tests indicated

that the prime crewman was not immune to this highly communicable disease

with an incubation period of approximately two weeks.

In an attempt to protect the prime and backup flight crew members

from exposure to communicable disease during the critical prelaunch and

flight periods, such

health stabilization

the following phases:

as experienced on previous flight, a flight crew

program was implemented. This program consisted of
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a. I denti fi c at i on ,  examinat i on , and immuni zat i on of all primary con­
tacts (personnel who requi red direct contact with the prime or backup crew 
during the las t three weeks pri or to flight ) . 

b .  Health and epi demi ologi cal surve i ll an ce of the crew members and 
the primary contacts , their fami li es , and the communi ty . 

c .  Cert ai n  mo di fi cat i ons t o  facilities used for t raining and hous­
ing the crew , such as the installat i on of b i ologi cal fi lters in all ai r 
conditioning systems . 

d .  Hous ing o f  both the prime an d  backup crew members i n  the crew 
quart ers at th e Kennedy Space Center from 21 days before flight until 
launch . 

The flight crew health stab ili zat i on program was a complete succes s . 
No illnesses occurred during the pre flight period i n  any of th e prime or 
b ackup crew members . This res ult is of part i cular s igni fi can ce because 
the i n c i dence of i n fe ct i ous di s eas e  within the local community was near 
a seas onal high duri ng the prelaunch period . 

10 . 5  QUARANTINE 

No chan ge in quaranti ne pro c e dures were made on this miss ion , except 
as follows : 

a .  Two mobile quarantine facili t i es were us e d .  

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

The new procedures were implemented t o  return the c rew t o  t h e  Lunar 
Receiving Laboratory five days earlier than on previous lunar landing 
mis s i ons . 

The crew an d  14 me dic al support pers onnel were i s olat e d  b ehind the 
mi crob i ologi c al b arrier in the Lun ar Receiving Laboratory at Houston , 
Texas , on Feb ruary 12 , 1971 . Dai ly medi cal exami nat i ons an d peri odi c 
lab oratory examinat ions showed no s igns of illness relat e d  to lunar ma­
teri al exposure . No s i gn i fi cant trends were not e d  i n  any b iochemi c al , 
immunological , or hematologi cal parameters in either the crew or the 
me di c al s upport pers onne l .  On February 27 , 1971 , after 20 days of i so­
lation within the Lunar Receiving Laboratory , the flight crew and the 
me di cal support pers onnel were releas e d  from quaranti ne . Quarantine 
for the spacecraft an d  s amples of lunar material was te rminated Apri l 4 ,  
1971 . 
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a. Identification, examination, and immunization of all primary con-

tacts (personnel who required direct contact with the prime or backup crew

during the last three weeks prior to flight).

b. Health and epidemiological surveillance of the crew members and

the primary contacts, their families, and the community.

c. Certain modifications to facilities used for training and hous-

ing the crew, such as the installation of biological filters in all air

conditioning systems.

d. Housing of both the prime and backup crew members in the crew

quarters at the Kennedy Space Center from 2l days before flight until

launch.

The flight crew health stabilization program was a complete success.

No illnesses occurred during the preflight period in any of the prime or

backup crew members. This result is of particular significance because

the incidence of infectious disease within the local community was near

a seasonal high during the prelaunch period.

lO.5 QUARANTINE

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

a. Two mobile quarantine facilities were used.

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

performed.

The new procedures were implemented to return the crew to the Lunar

Receiving Laboratory five days earlier than on previous lunar landing
missions.

The crew and lh medical support personnel were isolated behind the

microbiological barrier in the Lunar Receiving Laboratory at Houston,

Texas, on February l2, l9Tl. Daily medical examinations and periodic
laboratory examinations showed no signs of illness related to lunar ma-

terial exposure. No significant trends were noted in any biochemical,
immunological, or hematological parameters in either the crew or the

medical support personnel. On February 27, l9Tl, after 20 days of iso-

lation within the Lunar Receiving Laboratory, the flight crew and the

medical support personnel were released from quarantine. Quarantine
for the spacecraft and samples of lunar material was terminated April M,
l9Tl.
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11 . 0  MISSION SUPPORT PERFORMANCE 

11 . 1  FLIGHT CONTROL 

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

All launch vehicle instrument unit analog data were lost just prior 
to lift-off. A faulty multiplexer within the instrument unit that pro­
cess es the analog flight control dat a  had failed.  The flight controllers 
were able to recover most of the analog data from the S-IVB VHF downlink ; 
however ,  because of its limited range , an early los s  of data was experi­
enced at 4 hours 27 minut es . 

All launch vehicle digital compute r  data were lost at 3 hours and 
5 minutes after launch . The vehicle , however ,  executed a normal propul­
sive vent about 29 minutes later indi cating that the computer was oper­
ating properly .  As a result of the loss of digital computer dat a ,  com­
mands to the S-IVB h ad to b e  t ransmitted without veri fi cation of proper 
execution . The crew provided vis ual attitude information for the eva­
sive maneuver . 

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

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

An abort command was set in  the lunar module gui dance computer and 
the indication was observed by Flight Control during lunar module activa­
tion , about 4 hours prior to s cheduled powered des cent initiation . A 
procedure was uplinked to the crew which reset the abort command and led 
to the conclusion that the abort switch had malfuncti oned. Subsequently , 
the abort command reappeared three times and ,  each time , the command was 
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11.0 MISSION SUPPORT PERFORMANCE_

11.1 FLIGHT CONTROL

Flight control performance was satisfactory in providing timely
operational support. Some problems were encountered and most are dis-

cussed in other sections of the report. Only those problems that are

of particular concern to flight control operations or are not reported
elsewhere are reported in this section.

All launch vehicle instrument unit analog data were lost just prior
to lift-off. A faulty multiplexer within the instrument unit that pro-

cesses the analog flight control data had failed. The flight controllers

were able to recover most of the analog data from the S-IVB VHF downlink;
however, because of its limited range, an early loss of data was experi-
enced at U hours 27 minutes.

All launch vehicle digital computer data were lost at 3 hours and

5 minutes after launch. The vehicle, however, executed a normal propul-
sive vent about 29 minutes later indicating that the computer was oper-

ating properly. As a result of the loss of digital computer data, com-

mands to the S-IVB had to be transmitted without verification of proper
execution. The crew provided visual attitude information for the eva-

sive maneuver.

High-gain antenna lockup problems were noted during revolution 12

lunar orbit operations. Because of this problem, a data storage equip-
ment dump could not be accomplished to obtain data from the revolution 12

low-altitude landmark tracking operation. These data were to be used for

powered descent targeting.

During revolution 12, the planned voice updates fell behind the time

line because of problems with the lunar module steerable antenna. Conse-

quently, the powered descent was performed using the spacecraft forward

and aft  mnidirectional antennas and the 210-foot ground receiving an-

tenna. Receiving of communications and high-bit-rate data were satis-

factory except for some small losses when switching to the aft antenna

late in the descent phase.

An abort command was set in the lunar module guidance computer and

the indication was observed by Flight Control during lunar module activa-

tion, about M hours prior to scheduled powered descent initiation. A

procedure was uplinked to the crew which reset the abort command and led

to the conclusion that the abort switch had malfunctioned. Subsequently,
the abort command reappeared three times and, each time, the command was
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res et by tapping on the panel near the ab ort switch . A procedure to  in­
hibit the primary guidance system from going into an abort program was 
developed in the interval prior to  powered des cent , and was uplinked to 
the crew for manual entry into the computer.  The fi rst part of the four­
part procedure was entered just prior to powered descent initi ation and 
the other parts after throttle-up of the descent engine . Had an abort 
been required , it would have been accomplished using the abort gui dance 
system and would have allowed reestab lishment of the primary guidance 
system by keyboard entry after the ab ort . 

A delay of approximat ely 50 minut es occurred in the fi rst extrave­
hicular activity because of the lack of satis factory communicati ons . 
The crew were receiving ground communi cations but the Mis s i on Control 
Center was not receiving crew communicat i ons . The problem was corrected 
by resetting the Commander ' s  audio circuit bre aker whi ch was not engaged .  

The color televi s i on camera res olution gradually degraded during 
the latter porti ons of the fi rst .extravehi cular acti vity . The degrada­
tion was caused by overheating resulting from 1 . 5 hours of operation 
whi le in the modular equipment stowage assembly prior t o  its deployment . 
The camera was turned off between the extravehi cular peri ods for cool­
ing , instead of leaving it operat ing as required by the flight plan . 
The c amera picture res olution was s atis factory during the second extra­
vehi cular activity . 

Three problems developed during the Apollo 14 mis s i on that , had the 
crew not been present , would have prevented the achievement of the mis­
s ion obj ectives . These problems involved the docking probe ( s e ction 7 . 1 ) , 
the landing radar ( sect i on 8 . 4 )  and the lunar module gui dance computer , 
des cribed above . In each cas e ,  the crew provided ground personnel with 
vital information and dat a for failure analysis  and development of alter­
nate procedures .  The crew performed the necess ary activities and the re­
quired work-around procedures that allowed the mission to be completed 
as planned.  

11 . 2  NETWORK 

The Mis s ion Control Center and the Manned Space Flight Network pro­
vided excellent support . There were only two s ignifi cant prob lems . A 
defective transfer switch component caused a power outage at the Goddard 
Space Flight Center during lunar orb it . The power loss resulted in a 
4 l/2-minute data los s . On lunar revolution 12 , a power ampli fier fail­
ure occurred at the Goldstone st at i on . The problem was corrected by 
switching t o  a redundant system. The Network Controller ' s  Mission Re­
port for Apollo 14 , dated March 19 , 1971 , published by the Manned Space­
craft Center , Flight Support Divi s i on ,  contains a summary of all Manned 
Space Flight Network prob lems which occurred during the miss i on .  
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r e s e t b y t a p p i n g o n t h e p a n e l n e a r t h e a b o r t s w i t c h . A p r o c e d u r e t o i n -

h i b i t t h e p r i m a r y g u i d a n c e s y s t e m f r o m g o i n g i n t o a n a b o r t p r o g r a m w a s

d e v e l o p e d i n t h e i n t e r v a l p r i o r t o p o w e r e d d e s c e n t , a n d w a s u p l i n k e d t o

t h e c r e w f o r m a n u a l e n t r y i n t o t h e c o m p u t e r . T h e f i r s t p a r t o f t h e f o u r -

p a r t p r o c e d u r e w a s e n t e r e d j u s t p r i o r t o p o w e r e d d e s c e n t i n i t i a t i o n a n d

t h e o t h e r p a r t s a f t e r t h r o t t l e - u p o f t h e d e s c e n t e n g i n e . H a d a n a b o r t

b e e n r e q u i r e d , i t w o u l d h a v e b e e n a c c o m p l i s h e du s i n g t h e a b o r t g u i d a n c e
s y s t e m a n d w o u l d h a v e a l l o w e d r e e s t a b l i s h m e n t o f t h e p r i m a r y g u i d a n c e
s y s t e m b y k e y b o a r d e n t r y a f t e r t h e a b o r t .

A d e l a y o f a p p r o x i m a t e l y 5 0 m i n u t e s o c c u r r e d i n t h e f i r s t e x t r a v e -

h i c u l a r a c t i v i t y b e c a u s e o f t h e l a c k o f s a t i s f a c t o r y c o m m u n i c a t i o n s .

T h e c r e w w e r e r e c e i v i n g g r o u n d c o m m u n i c a t i o n s b u t t h e M i s s i o n C o n t r o l

C e n t e r w a s n o t r e c e i v i n g c r e w c o m m u n i c a t i o n s . T h e p r o b l e m w a s c o r r e c t e d

b y r e s e t t i n g t h e C o  m a n d e r ' s a u d i o c i r c u i t b r e a k e r w h i c h w a s n o t e n g a g e d .

T h e c o l o r t e l e v i s i o n c a m e r a r e s o l u t i o n g r a d u a l l y d e g r a d e d d u r i n g
t h e l a t t e r p o r t i o n s o f t h e f i r s t e x t r a v e h i c u l a r a c t i v i t y . T h e d e g r a d a -
t i o n w a s c a u s e d b y o v e r h e a t i n g r e s u l t i n g f r o m 1 . 5 h o u r s o f o p e r a t i o n
w h i l e i n t h e m o d u l a r e q u i p m e n ts t o w a g e a s s e m b l yp r i o r t o i t s d e p l o y m e n t .
T h e c a m e r a w a s t u r n e d o f f b e t w e e n t h e e x t r a v e h i c u l a r p e r i o d s f o r c o o l -

i n g , i n s t e a d o f l e a v i n g i t o p e r a t i n g a s r e q u i r e d b y t h e f l i g h t p l a n .
T h e c a m e r a p i c t u r e r e s o l u t i o n w a s s a t i s f a c t o r y d u r i n g t h e s e c o n d e x t r a -

v e h i c u l a r a c t i v i t y .

T h r e e p r o b l e m s d e v e l o p e d d u r i n g t h e A p o l l o l k m i s s i o n t h a t , h a d t h e

c r e w n o t b e e n p r e s e n t , w o u l d h a v e p r e v e n t e d t h e a c h i e v e m e n t o f t h e m i s -

s i o n o b j e c t i v e s . T h e s e p r o b l e m s i n v o l v e d t h e d o c k i n g p r o b e ( s e c t i o n 7 . 1 )
t h e l a n d i n g r a d a r ( s e c t i o n 8 . h ) a n d t h e l u n a r m o d u l e g u i d a n c e c o m p u t e r ,
d e s c r i b e d a b o v e . I n e a c h c a s e , t h e c r e w p r o v i d e d g r o u n d p e r s o n n e l w i t h

v i t a l i n f o r m a t i o n a n d d a t a f o r f a i l u r e a n a l y s i s a n d d e v e l o p m e n to f a l t e r -

n a t e p r o c e d u r e s . T h e c r e w p e r f o r m e d t h e n e c e s s a r y a c t i v i t i e s a n d t h e r e -

q u i r e d w o r k - a r o u n d p r o c e d u r e s t h a t a l l o w e d t h e m i s s i o n t o b e c o m p l e t e d
a s p l a n n e d .

1 1 . 2 N E T W O R K

T h e M i s s i o n C o n t r o l C e n t e r a n d t h e M a n n e d S p a c e F l i g h t N e t w o r k p r o -

v i d e d e x c e l l e n t s u p p o r t . T h e r e w e r e o n l y t w o s i g n i f i c a n t p r o b l e m s . A

d e f e c t i v e t r a n s f e r s w i t c h c o m p o n e n tc a u s e d a p o w e r o u t a g e a t t h e G o d d a r d

S p a c e F l i g h t C e n t e r d u r i n g l u n a r o r b i t . T h e p o w e r l o s s r e s u l t e d i n a

M l / 2 - m i n u t e d a t a l o s s . O n l u n a r r e v o l u t i o n 1 2 , a p o w e r a m p l i f i e r f a i l -

u r e o c c u r r e d a t t h e G o l d s t o n e s t a t i o n . T h e p r o b l e m w a s c o r r e c t e d b y
s w i t c h i n g t o a r e d u n d a n t s y s t e m . T h e N e t w o r k C o n t r o l l e r ' s M i s s i o n R e -

p o r t f o r A p o l l o l h , d a t e d M a r c h 1 9 , 1 9 7 1 , p u b l i s h e d b y t h e M a n n e d S p a c e -
c r a f t C e n t e r , F l i g h t S u p p o r t D i v i s i o n , c o n t a i n s a s u m m a r y o f a l l M a n n e d

S p a c e F l i g h t N e t w o r k p r o b l e m s w h i c h o c c u r r e d d u r i n g t h e m i s s i o n .
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11 . 3  RECOVERY OPERATIONS 

The Department of Defense provide d recove ry s upport commensurat e 
with mis s i on planning for Apollo 14 . Ship support for the primary land­
ing area in the Paci fi c Ocean was provided by the heli copter carri er 
USS New Orleans . Act i ve ai r s upport cons i st e d  of five SH-3A heli copters 
from the New Orle ans and two HC-130 res cue aircraft s t aged from Pago 
Pago , S amoa . Two of the heli copters , des ignat e d  "Swim 1" and "Swim 2 " , 
carried underwater demoliti on t e am pers onnel and the requi red recovery 
equipment . The third heli copter , des i gnated "Re covery " ,  carrie d  the de­
contamination swimmer and the flight surgeon , and was utilized for the 
retrieval of the flight crew . The fourth heli copte r ,  designat e d  "Photo" , 
s erved as a photographic plat form for b oth motion-picture photography 
and live televis i on coverage . The fi fth heli copter ,  des ignated "Relay " , 
s erved as a communi cations -relay aircraft . The sh ip-bas e d  ai rcraft were 
initi ally positioned relative to the t arget point ; they depart ed s t at i on 
to commence recovery operat i ons after the command module had been vis u­
ally acquired .  The two HC-130 aircraft , des i gn at e d  "S amoa Res cue 1 "  and 
"S amoa Rescue 2 11 , were pos itioned to t rack the command module after it 
had exited from S-b and blackout , as well as provide parares cue c apab i li ty 
had the command module landed uprange or downrange of the t arget point . 
All recovery forces dedi cat e d  for Apollo 14 s upport are lis ted in 
t able 11-I . Figure 11-1 i llustrates the re cove ry force pos it i ons pri or 
to predicted S-b and acquis iti on time . 

11 . 3 . 1 Command Module Locat i on and Retrieval 

The New Orle ans ' pos it i on was established us ing a navigat i on s at el­
lite ( SRN-9 ) fix obt ained at 2118 G . m . t .  The ship ' s  pos ition at the 
t ime of command module landing was determined to be 26 degrees 59 min­
utes 30 seconds s outh latit ude and 172 degrees 41 minutes west longitude . 
The command module landing point was calculat e d  by recovery forces to be 
27 degrees 0 minutes 4 5  s e conds s outh latitude and 172 degrees 39 min­
utes 30 seconds west longitude . 

The first electroni c contact report ed by the recovery forces was 
an S-band contact by Samoa Res cue 1 .  Radar contact was then report ed by 
the New Orleans . A vis ual s i ghting was reported by the communi cati ons ­
relay heli copter and then by the New Orleans , Recovery , Swim 1 and 
Swim 2 .  Shortly thereafter , voi ce transmi s s ions from the command module 
were received by the New Orleans . 

The command module landed Feb ruary 9 ,  19 71 , at 210 5 G . m . t .  and re­
mained in the stab le I flot ati on attitude . The VHF recovery be acon was 
activat e d  short ly after landing , and be acon contact was report ed by Re­
covery at 210 7 G .m . t .  The crew then turned off the beacon as they knew 
the recovery forces h ad vis ual contact . 
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11.3 RECOVERY OPERATIONS

The Department of Defense provided recovery support commensurate

with mission planning for Apollo lk. Ship support for the primary land-

ing area in the Pacific Ocean was provided by the helicopter carrier

USS New Orleans. Active air support consisted of five SH-3A helicopters
from the New Orleans and two HC-130 rescue aircraft staged from Pago
Pago, Samoa. Two of the helicopters, designated "Swim 1" and "Swim 2",
carried underwater demolition team personnel and the required recovery

equipment. The third helicopter, designated "Recovery", carried the de-

contamination swimmer and the flight surgeon, and was utilized for the

retrieval of the flight crew. The fourth helicopter, designated "Photo"

served as a photographic platform for both motion-picture photography
and live television coverage. The fifth helicopter, designated "Relay",
served as a communications-relay aircraft. The ship-based aircraft were

initially positioned relative to the target point; they departed station

to commence recovery operations after the command module had been visu-

ally acquired. The two HC-130 aircraft, designated "Samoa Rescue 1" and

"Samoa Rescue 2", were positioned to track the command module after it

had exited from S-band blackout, as well

had the c mmand module landed uprange or

dedicated for Apollo
11-1 illustrates the

acquisition time.

downrange of the target point.
1h support are listed in

recovery force positions prior

All recovery forces

table 11-I. Figure
to predicted S-band

11.3.1 Command Module Location and Retrieval

The New Orleans' position was established using a navigation satel-

lite (SRN-9) fix obtained at 2118 G.m.t. The ship's position at the

time of command module landing was determined to be 26 degrees S9 min-

utes 30 seconds south latitude and 172 degrees M1 minutes west longitude
The command module landing point was calculated by recovery forces to be

27 degrees 0 minutes M5 seconds south latitude and 172 degrees 39 min-

utes 30 seconds west longitude.

The first electronic contact reported by the recovery forces was

an S-band contact by Samoa Rescue 1. Radar contact was then reported by
the New Orleans. A visual sighting was reported by the communications-

relay helicopter and then by the New Orleans, Recovery, Swim 1 and

Swim 2. Shortly thereafter, voice transmissions from the command module

were received by the New Orleans.

2105 G.m.t. and re-

recovery beacon was

was reported by Re-

beacon as they knew

The command module landed February 9, 1971, at

mained in the stable I flotation attitude. The VHF

activated shortly after landing, and beacon contact

covery at 2107 G.m.t. The crew then turned off the

the recovery forces had visual contact.

as provide pararescue capability
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TABLE 11-I . - APOLLO 14  RECOVERY SUPPORT 

Type 

ATF 
LCU 

DD 

LSD 

DD 

LPH 

HH-53C 

HC-130 

H C· 130 

HC- 130 

HC-130 

HC-130 

SH-3A 

Numb er 

1 
1 

1 

1 

1 

1 

3 
a

l 

a
l 

a
l 

a
l 

a2 

5 

Ship nSIIIe/ 
aircraft staging base 

Ships 

USS Paiute 

USS H awkins 

USS Spi egel Grove 

USS Carpenter 

USS New Orleans 

Airc raft 

Pat r i ck Air Force Base 

McCoy Air Force Base 

Pease Ai r Force Base 

Laj es Field , Azores 

Ascens i on I s l an d  

H i ckam Ai r Force Base 

USS New Orleans 

�lus one backup 

Area s upported 

Launch s i te area 

Launch ab ort area an d  
West Atlanti c earth­
orb i t al recovery zone 

Deep- space s econ dary land­
i ng areas on the Atlant i c  
O c e an  line 

Mi d-Paci fi c earth-orb i tal 
recovery zone 

Deep- space s econdary land­
ing areas on the mi d-Pac i f i c 
line and the pri mary end-of­
mi s s i on landing area 

Launch s i te area 

Launch ab ort area , West 
Atl an t i c  recovery zone , 
conti ngency landing area 

Launch ab ort are a ,  West 
At l anti c recovery zone 

Launch ab ort area , earth 
orb i t al contingency landinr. 
area 

Atlantic Ocean line and 
cont ingency landi ng area 

Mi d-Paci fic e arth orbital 
recovery zone , deep-space 
secondary landing area 
and primary end-of-mi s s i on 
l anding area 

Deep-space s e conda!� 
landing area and primary 
end-of-mi ss ion landing 
area 
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TABLE ll-I.- APOLLO 114 RECOVERY SUPPORT

IIIIIIIIIIllllliiiiliiiiillllllll_Type
aircraft staging base

Area bupported

Ships

ATF USS Paiute Launch site area

LCU l

DD 1 USS Hawkins Launch abort area and
`

West Atlantic earth-

_

orbital recovery zone

ISD l USS Spiegel Grove Deep-space secondary land-

ing areas on the Atlantic

Ocean line

DD l USS Carpenter Mid-Pacific earth-orbital

recovery zone

LPH l USS New Orleans Deep-space secondary land-

ing areas on the mid-Pacific

line and the primary end-of-

mission landing area

Aircraft

HH-53c Patrick Air Force Base Launch site area

HC-l3O McCoy Air Force Base Launch abort area, West

Atlantic recovery zone,

contingency landing area

HC~l3O Pease Air Force Base Launch abort area, West

Atlantic recovery zone

HC-130 Lajes Field, Azores Launch abort area, earth

orbital contingency landing
area

HC-130 Ascensi n Island Atlantic Ocean line and

contingency landing area

HC-130 Hickam Air Force Base Mid-Pacific earth orbital

recovery zone, deep-space
secondary landing area

and primary end-of-mission

landing area

SH-3A 5 USS New Orleans Deep-space secondary

þÿ ��P�l�u�sone backup

landing area and primary
end-of-mission landing
area
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After confirming that the command module and the crew were in good 
condition , Swim 2 attempted to retrieve the main parachutes , and swim­
mers were deployed to the command module t o  install the flotat i on collar . 
Recovery forces were unable to retrieve any of the main parachutes , but 
did retrieve two drogue parachute covers and one sabot . The decontamin­
ation swimmer was deployed to pass flight suits and respi rators to the 
crew and ass ist them from the command module into the li fe raft . The 
flight crew were onboard the recovery helicopter 7 minutes after they 
had egressed the command module and were aboard the New Orleans 5 minutes 
later .  Command module retrieval took place at 27 degrees 2 minutes s outh 
latitude and 172 degrees 4 minutes west longitude at 2309 G . m . t .  

The flight crew remained aboard the New Orleans in the mobile quar­
antine faci lity until they were flown to Pago Pago , Samoa , where they 
trans ferred to a second mobile quarantine facility aboard a C-141 air­
craft . The crew was flown to Ellingt on Air Force Base , with a stop at 
Norton Air Force Base ,  Cali forni a ,  where the ai rcraft was refuele d .  

After arrival o f  the New Orleans at Hawai i ,  the command module was 
off loaded and t aken to Hi ckam Air Force Base for deactivation . Upon com­
pletion of deactivation , the command module was trans ferred to  Ellington 
Air Force Base vi a a C-133 ai rcraft , arriving on February 22 , 1971 . 

The following is  a chronologi cal listing of events during the re­
covery and quarantine operat i ons . 
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After confirming that the command module and the crew were in good
condition, Swim 2 attempted to retrieve the main parachutes, and swim-

mers were deployed to the command module to install the flotation collar.

Recovery forces were unable to retrieve any of the main parachutes, but

did retrieve two drogue parachute covers and one sabot. The decontamin-

ation swimmer was deployed to pass flight suits and respirators to the

crew and assist them from the command module into the life raft. The

flight crew were onboard the recovery helicopter T minutes after they
had egressed the command module and were aboard the New Orleans 5 minutes

later. Command module retrieval took place at 27 degrees 2 minutes south

latitude and lT2 degrees M minutes west longitude at 2309 G.m.t.

The flight crew remained aboard the New Orleans in the mobile quar-
antine facility until they were flown to Pago Pago, Samoa, where they
transferred to a second mobile quarantine facility aboard a C-lhl air-

craft. The crew was flown to Ellington Air Force Base, with a stop at

Norton Air Force Base, California, where the aircraft was refueled.

After arrival of the New Orleans at Hawaii, the command module was

offloaded and taken to Hickam Air Force Base for deactivation. Upon com-

pletion of deactivation, the command module was transferred to Ellington
Air Force Base via a C~l33 aircraft, arriving on February 22, l9Tl.

The following is a chronological listing of events during the re-

covery and quarantine operations.



Event 

S-band contact by Samoa Res cue l 
Radar contact by New Orleans 
Visual contact by "Relay "  heli copter 
Voi ce contact with flight crew 
Command module landing 
Swimmers deployed to command module 
Flotation collar installed and inflated 
Decontamination swimmer deployed 
Hat ch opened for crew egress 
Flight crew in egress raft 
Flight crew aboard heli copter 
Flight crew aboard New Orleans 
Flight crew in mobile quarantine facility 
Command module aboard New Orleans 

First s ample flight departed ship 
Flight crew departed ship 
First sample flight arrived Houst on 

( vi a  Samoa and Hawaii )  

Flight crew arrived Houston 
Flight crew arrived at Lunar Receiving 

Laboratory 

Mobile quarantine facility and command 
module offloaded in Hawaii 

Mobile quarantine facility arrived 
Houston 

Reaction control system deactivat ion com­
pleted 

Command module arrived Houston 
Command module delivered t o  Lunar Re ceiv­

ing Laborat ory 

Time 
G . m . t .  

Feb . 9 ,  1971 
2055 
2056 
2100 
210 1 
210 5  
2ll2 
2120 
2127 
2140 
2141 
2148 
2153 
220 3 
2309 

Feb . ll , 1971 
0355  
1746 
20 57 

Feb . 12, 19 71 
0934 
ll35 

Feb . 17 , 1971 
2130 

Feb . 18 , 1971 
0740 

Feb . 19 , 1971 
2 300 

Feb . 22 , 1971 
2145 
2330 

ll-7 

Time relative 
t o  landing 
days :hr :min 

-0 : 00 : 10 
-0 : 00 :09  
-0 : 00 : 0 5  
-0 : 00 : 0 4  

0 : 00 : 00 
0 : 00 : 07 
0 : 00 : 15 
0 : 00 : 22 
0 :00 : 35 
0 : 00 : 36 
0 : 00 : 43 
0 : 00 : 48 
0 : 00 : 58 
0 : 02 : 04 

1 : 0 5 : 00 
1 : 18 : 51 
1 : 22 : 0 2  

2 : 10 : 39 
2 : 12 : 40 

7 : 22 : 35 

8 : 0 8 : 45 

10 : 0 0 : 0 5  

12 : 2 2 : 50 
1 3 : 0 0 : 35 
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Event
G

to landing.m.t. _ .

days:hr:m1nIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllllliiiillllllllIiiiiiliiiiiiiiii
Feb. 9, 1971

S-band contact by Samoa Rescue l 2055 -0:00:10

Radar contact by New Orleans 2056 -0:00:09
Visual contact by "Relay" helicopter 2100 -0:00:05
Voice contact with flight crew 2101 -o:oo:oh
Com and module landing 2105 0:00:00

Swimmers deployed to command module 2112 0:00:07
Flotation collar installed and inflated 2120 0:00:15
Decontamination swim er deployed 2127 0:00:22

Hatch opened for crew egress 21h0 0:00:35

Flight crew in egress raft 21h1 0:00:36

Flight crew aboard helicopter 21h8 0:00:h3
Flight crew aboard New Orleans 2153 o:oo:h8

Flight crew in mobile quarantine facility 2203 0:00:58
Command module aboard New Orleans 2309 0:02:0h

_

Feb. 11 1971
First sample flight departed ship 0355 1:05:00

Flight crew departed ship 17h6 1:18:51
First sample flight arrived Houston 2057 1:22:02

(via Samoa and Hawaii)

Feb. 12, 1971

Flight crew arrived Houston 093k 2:10:39

Flight crew arrived at Lunar Receiving 1135 2:12:h0

Laboratory

_

Feb. 17, 1971
Mobile quarantine facility and command 2130 7:22:35

module offloaded in Hawaii

Feb. 18, 1971
Mobile quarantine facility arrived 07h0 8:o8:h5

Houston

Feb. 19, 1971
Reaction control system deactivation com- 2300 10:00:05

pleted

Feb. 22, 1971
Command module arrived Houston 21h5 12:22:50
Com and module delivered to Lunar Receiv- 2330 13:00:35

ing Laboratory
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1 1 . 3 . 2  Pos trecovery Inspection 

The docking probe was removed from the command module and secured 
in the mobile quarantine facility for return to Houston . Otherwis e ,  all 
aspects of the command module postre cove ry  operat i ons , the mobile quar­
antine facility operat i ons and lunar s ample return operat i ons were nor­
mal with the exception of th e following dis crepanci es noted during com­
mand module inspect ion .  

a. There was an apparent chip ( l-inch wi de , 3-i nches long , and 1 /2-
inch deep ) in the minus Z quadrant of the heat shi eld adj acent to the 
small heat s ens or , about 30-inches inboard from the lip of the heat shield . 
However , the heat shield can be cons ide red to be in normal post-reentry 
condition . 

b .  There was a fi lm layer on all windows ranging from approximat ely 
10-percent coverage on the left s i de window to 100-percent on the right 
side wi ndow . 

c .  The backup method was used to obtai n the water s amples becaus e 
the direct oxygen valve had been left slightly open ,  caus ing the primary 
pressuri zat i on system t o  los e pres sure . 

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

e .  The Commande r ' s  radiat i on dosimeter was broken and no reading 
was obtained .  The other two dosimeters were left ab oard the command 
module . 
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ll.3.2 Postrecovery Inspection

The docking probe was removed from the command module and secured

in the mobile quarantine facility for return to Houston. Otherwise, all

aspects of the command module postrecovery operations, the mobile quar-

antine facility operations and lunar sample return operations were nor-

mal with the exception of the following discrepancies noted during com-

mand module inspection.

a. There was an apparent chip (l-inch wide, 3-inches long, and l/2-
inch deep) in the minus Z quadrant of the heat shield adjacent to the

small heat sensor, about 30-inches inboard from the lip of the heat shield

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

b. There was a film layer on all windows ranging from approximately
lO-percent coverage on the left side window to lOO-percent on the right
side window.

c. The backup method was used to obtain the water samples because

the direct oxygen valve had been left slightly open, causing the primary
pressurization system to lose pressure.

d. The chlorine content of the potable water was not analyzed on

the ship because of lack of time.

e. The Commander's radiation dosimeter was broken and no reading
was obtained. The other two dosimeters were left aboard the command

module.
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12 . 0  ASSESSMENT OF MISSION OBJECTIVES 

The four primary objectives ( ref . 7 )  assigned to the Apollo 14  mi s­
sion were as follows : 

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

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

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

d .  Obtain photographs of candidate exploration sites . 

Eleven detailed obj ectives ( derived from primary objectives ) and 
sixteen experiment s ( li sted in table 12-I and described in ref .  8 ) were 
assigned to the mi ssion .  All detailed objective s ,  with the following 
exceptions , were succe ssfully complete d :  

a .  Photographs of a candidate exploration site 

b .  Vi sibility at high sun angle s 

c .  Command and service module orbital science photography 

d .  Transearth lunar photography 

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

Two detailed objectives were added an d  were performe d during trans­
lunar coast : S-IVB photography and command and servi ce module water-dump 
photography . The S-IVB could not be identifi ed on the film during post­
flight analysis and, although some particle s were seen on photographs of 
the water dump , there was no indication of the "snow storm" described by 
the crew. 

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

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

b .  Make a postflight determinat i on of the S-IVB/instrument at ion 
unit point of impact within 5 kilometers and the time of impact within 
one second . 
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12.0 ASSESSM NT OF MISSION OBJECTIVES_

The four primary objectives (ref. T) assigned to the Apollo lh mis-

sion were as follows:

a. Perform selenological inspection, survey, and sampling of ma-

terials in a preselected region of the Fra Mauro formation.

b. Deploy and activate the Apollo lunar surface experiments package

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

d. Obtain photographs of candidate exploration sites.

Eleven detailed objectives (derived from primary objectives) and

sixteen experiments (listed in table 12-I and described in ref. 8) were

assigned to the missio . All detailed objectives, with the following
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a. Photographs of a candidate exploration site
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c. Command and service  odule orbital science photography

d. Transearth lunar photography

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

Two detailed objectives were added and were performed during trans-
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photography. The S-IVB could not be identified on the film during post-
flight analysis and, although some particles were seen on photographs of

the water du p, there was no indicatio of the "snow storm" described by
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In addition to the spacecraft and lunar surface objectives, the

following two launch vehicle objectives were assigned and completed:

a. Impact the expended S-IVB/instrumentatio unit on the lunar

surface under nominal flight profile conditions.
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unit point of impact within 5 kilometers and the time of impact within
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TABLE l2 . I . - DETAILED OBJECTIVES AND EXPERIMENTS 

Des cription Completed 

Detailed obj ectives 

Contingency s ample collecti on Yes 
Photographs of a candidate exploration s ite Parti al 
Visibi lity at high sun anglesa Parti al 
Modular equipment transporter evaluat i on Yes 
Selenodeti c reference point update Yes 
Command and servi ce module orbital science photography Parti al 
Assessment of extravehi cular activity operation limits Yes 
Command and service module oxygen flow rate Yes 
Transearth lunar photography Parti al 
Thermal coat ing degradation Yes 
Dim-light photography Yes 

Experiments 

Apollo lunar surface experiments pack age : 
M-515 Lrmar dust detector Yes 
S-031 Lrmar pas sive seismology Yes 
S-033  Lrmar active seismology Yes 
S-036 Suprathermal i on detector Yes 
S-058 Cold cathode gauge Yes 
S-038 Charged parti cle lunar environment Yes 

S-059 Lrmar geology investigat i on Yes 
S-078 Laser ranging retro-reflector Yes 
S-200 Soi l  mechani cs Yes 
S-19 8 Port ab le magnetometer Yes 
S-170 Bistat i c  radar Yes 
S-080 Solar wind composition Yes 
S-178 Gegens chein from lunar orbit Yes 
S-164 S-band transponder Yes 
S-176 Apollo window meteroi d Yes 
M-078  Bone mineral measurement Yes 

a
Preliminary analysis indicates that suffi cient dat a were 
collected to verify that the vis ibility analyti c al model 
can be used for Apollo planning purpos es . 
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TABLE l2.I.- DETAILED OBJECTIVES AND EXPERIMENTS

Description Completed

Detailed objectives

Contingency sample collection Yes

Photographs of a candidate exploration site Partial

Visibility at high sun anglesa Partial

Modular equipment transporter evaluation Yes

Selenodetic reference point update Yes

Command and service module orbital science photography Partial

Assessment of extravehicular activity operation limits Yes

Command and service module oxygen flow rate Yes

Transearth lunar photography Partial

Thermal coating degradation Yes

Dim-light photography Yes

Apollo lunar surface experiments package:
M-515 Lunar dust detector Yes

S-O31 Lunar passive seismology Yes

S-O33 Lunar active seismology Yes

s-036 Suprathermal ion detector Yes

S-O58 Cold cathode gauge Yes

S-O38 Charged particle lunar environment Yes

S-O59 Lunar geology investigation Yes

S-O78 Laser ranging retro-reflector Yes

S-200 Soil mechanics Yes

S-l98 Portable magnetometer Yes

S-170 Bistatic radar Yes

s-080 Solar wind composition Yes

S-178 Gegenschein from lunar orbit Yes

S-16h S-band transponder Yes

S-lT6 Apollo window meteroid Yes

M-O78 Bone mineral measurement Yes

aPreliminary analysis indicates that sufficient data were

collected to verify that the visibility analytical model

can be used for Apollo planning purposes.
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The impact of the S-IVB was detected by the Apollo 12 pas sive seismic 
experiment . The impact of the spent lunar module ascent stage was de­
tected by both the Apollo 12 and Apollo 14 passive seismic experiment s .  

12 .1 PARTIALLY COMPLETED OBJECTIVES 

12 . 1 . 1  Photographs of a Candidate Exploration Site 

Four photographic passes to obtain Descartes landing dat a were sched­
uled :  one high-resolut ion sequence with the lunar topographic camera at 
low altitude , two high-re solut ion sequences with the lunar topographic 
camera at high altitude and one stereo strip with the Has selblad electric 
data camera at high altitude . On the low altitude ( revolut ion 4 ) lunar 
topographic camera pas s ,  the camera malfunctioned an d ,  although 192 frame s 
were obtained of an area east of Descartes ,  no usable phot ography was ob­
tained of Descartes . On the subsequent high-alt itude photographic pas ses , 
the electric Hasselblad c amera with the 500-mm lens was used instead of 
the lunar topographic camera. Excellent Descartes photography was ob­
tained during three orbits , but the re solut ion was considerably lower 
than that possible with the lunar topographi c camera. Another problem 
was encountered during the stereo strip photographic pas s . Because the 
command and service module S-band high-gain antenna did not operate prop ­
erly , no usable high-bit-rate telemetry , and cons equently ,  no camera 
shutter-open dat a were obtained for postflight data reduct ion . 

12 . 1 . 2  Visibility at High Sun Angles 

Four set s of zero-phase ob servations by the Command Module Pilot 
were scheduled in order to obtain dat a on lunar surface vi s ibility at 
high sun elevation angle s .  The last set , scheduled for revolution 30 , 
was deleted to provide another opportunity to photograph the Descartes 
are a. Good data were obtained from the first three sets . 

12 . 1 . 3  Command and Service Module Orbital Science Phot ography 

All object ives were completed with the exception of those that spec­
ified use of the lunar topographic camera. The Apollo 13 S-IVB impact 
crater area was photographed using the electric Hasselblad 70-mm c amera 
with the 500-mm lens as a subst itute for the inoperab le lunar topographic 
camera. 
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The impact of the S-IVB was detected by the Apollo 12 passive seismic

experiment. The impact of the spent lunar module ascent stage was de-

tected by both the Apollo 12 and Apollo 1h passive seismic experiments.

12.1 PARTIALLY COM LETED OBJECTIVES

12.1.1 Photographs of a Candidate Exploration Site

Four photographic passes to obtain Descartes landing data were sched-

uled: one high-resolution sequence with the lunar topographic camera at

low altitude, two high-resolution sequences with the lunar topographic
camera at high altitude and one stereo strip with the Hasselblad electric

data camera at high altitude. On the low altitude (revolution M) lunar

topographic camera pass, the camera malfunctioned and, although 192 frames

were obtained of an area east of Descartes, no usable photography was ob-

tained of Descartes. On the subsequent high-altitude photographic passes,
the electric Hasselblad camera with the 500-mm lens was used instead of

the lunar topographic camera. Excellent Descartes photography was ob-

tained during three orbits, but the resolution was considerably lower

than that possible with the lunar topographic camera. Another problem
was encountered during the stereo strip photographic pass. Because the

command and service module S-band high-gain antenna did not operate prop-

erly, no usable high-bit-rate telemetry, and consequently, no camera

shutter-open data were obtained for postflight data reduction.

12.1.2 Visibility at High sun Angles

Four sets of zero-phase observations by the Co mand.Module Pilot

were scheduled in order to obtain data on lunar surface visibility at

high sun elevation angles. The last set, scheduled for revolution 30,
was deleted to provide another opportunity to photograph the Descartes

area. Good data were obtained from the first three sets.

12.1.3 Co mand and Service Module Orbital Science Photography

All objectives were completed with the exception of those that spec-
ified use of the lunar topographic camera. The Apollo 13 S-IVB impact
crater area was photographed using the electric Hasselblad T0-m camera

with the 500-mm lens as a substitute for the inoperable lunar topographic
camera.



12 . 1 . 4  Transearth Lunar Photography 

Excellent photography of the lunar surface with the electric Has sel­
blad data c amera using the 80-mm lens was obtained.  No lunar topographic 
camera photography was obtained because of the camera malfunction . 

12 . 2  INFLIGHT DEMONSTRATIONS 

In addition to det ailed object ives and experiment s ,  four zero-gravity 
infli ght demonstrations were conducted. They were performed on a non­
interference basis at the crew ' s  option . The four inflight demonstra­
tions and re sponsible NASA centers were : 

a .  Electrophoret ic separation - Marshall Space Flight Center 

b .  Heat flow and convect ion - Marshall Space Flight Center 

c .  Liquid transfer - Lewis Research Center 

d .  Composite casting - Marshall Space Flight Center . 

12 . 3  APPROVED OPERATIONAL TESTS 

The Manned Spacecraft Center participated in two of ei ght approved 
operational test s . Operat ional tests are not required to meet the ob­
ject ives of the mi s sion ,  do not affect the nominal timeline , and add 
no payload weight . The two operat ional tests were : lunar gravity meas­
urement ( using the lunar module primary gui dance system ) and a hydro­
@8n maser test ( a  Network and unified S-band investigat ion sponsore d by 
the Goddard Spaceflight Center ) .  Both tests were complet ed, and the re­
sults of the hydrogen maser test are given in reference 9 .  

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

a.  Chapel Bell ( clas s i fied Department of Defense te st ) 

b .  Radar Skin Tracking 

c .  Ionospheric Disturbance from Mis siles  

d .  Acoustic Measurement of  Mi ssile Exhaust Noi se 

e .  Army Acoustic Test 

f .  Long-Focal-Length Opt ical System. 
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l2.l.h Transearth Lunar Photography

Excel lent photography of the lunar surface with the electr ic Hassel-

blad data camera using the 80-mm lens was obtained. No lunar topographic
camera photography was obtained because of the camera malfunction.

12.2 INFLIGHT DEMDNSTRATIONS

In addit ion to detai led objectives and experiments, four zero-gravity
inflight demonstrat ions were conducted. They were performed o  a non-

interference basis at the crew's option. The four inflight demonstra-

t ions and responsible NASA centers were :

a . Electrophoretic separation - Marshal l Space Flight Center

b. Heat f low and convectio - Marshal l Space Flight Center

c . Liquid t ransfer - Lewis Research Center

d. Composite casting - Marshal l Space Flight Center.

12.3 APPROVED OPERATIONAL TESTS

The Manned Spacecraft Center participated in two of eight approved
operational tests. Operatio al tests are not required to meet the ob-

jectives of the mission, do not affect the nominal timeline, and add

no payload weight. The two operational tests were : lunar gravity meas-

urement (using the lunar  odule primary guidance system) and a hydro-
gen maser test (a Network and unif ied S-band investigation sponsored by
the Goddard Spaceflight Center). Both tests were completed, and the re -

sults of the hydrogen maser test are given in reference 9.

The other six tests were performed for the Department of Defense

and the Kennedy Space Center. These tests are designated as fol lows.

a . Chapel Bell (classified Department of Defense test)

b. Radar Skin Tracking

c . Ionospheric Disturbance f rom Missi les

d. Acoustic Measurement of Missi le Exhaust Noise

e . Army Acoustic Test

f . Long-Focal-Length Optical System.
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13 . 0  LAUNCH PHASE SUMMARY 

13 . 1  WEATHER CONDITI ONS 

Cumulus clouds existed in the launch complex area with tops at 
15 000 feet 20 minutes prior to the scheduled launch and with tops at 
18 000 feet .10 minutes lat e r .  During this time , the ground-bas ed elec­
t ri c  field meters clearly showed fluctuating fi elds characteristic of 
mildly distU:I'bed weather conditions . Since the mission rules do not 
allow

' 
a la.urtch · through cumulus clouds with tops in excess of 10 000 feet , 

a 40-minute ·hold was required before a permis sible weather si tutation 
existed. 'At launch , the cloud b as es were at 4000 feet with tops to 
10 000 feet . Th.e launch under thes e conditi ons di d not enhance the 
cloud electri c · fields enough to produce a lightning dis charge , thus 
providing further confidence in the present launch mission rules . 

13 . 2  ATMOSPHERIC ELECTRICITY EXPERIMENTS 

As a result of the lightning strikes experienced during the 
Apollo 12 launch , several experiments were performe d during the launch 
of Apollo 13 and Apollo 14 to study the effects of the space vehi cle on 
the atmospheri c electri cal field during launch . Initially , it was hoped 
that the effects could be related simply to the elect ri cal-field­
enhancement factor of the vehicle . However , the results of the Apollo 13 
measurements showed that the space vehicle produced a much stronger elec­
tri cal field disturbance than had been expected and als o produced some 
low-frequency radio noise . This disturbance may have been caus ed by a 
buildup of electrostatic charges in the exhaust cloud , charge bui ldup on 
the vehi cle , or a combinat i on of both of these s ources . To define the 
origin and the carriers of the charge , additional experiments were per­
formed during the Apollo 14 launch to study the electric  fi eld phenomena 
in more detail ,  to measure radio nois e ,  and to measure the temperature 
of the Saturn V exhaust plume , which is an important parameter in calcu­
lating the elect ri cal breakdown characteristi cs of the exhaust .  The pre­
liminarY findings of these experiments are given here . When analys es of 
dat a  have been completed, a supplemental report will be issued ( appendix E ) . 

13 . 2 . 1 Elect rical Field Meas urements 

Atmospheri c elect rical field meas urements were made by the New 
Mexi co Institute of Mining and Technology and the Stanford Research In­
stitute at the locations shown in figure 13- 1 .  In addition ,  a fi eld 
meas uring instrument ( field mi ll )  was installed on the launch umbili cal 
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13. Of LAUNCH' PHASE SUMMARY

131. 1 -WEATHERCONDITIONS

Cumulus clouds existed in the launch complex area with tops at

15 O00 feet 20 minutes prior to the scheduled launch and with tops at

18 OOO feet 10 minutes later. During this time, the ground-based elec-

tric field meters clearly showed fluctuating fields characteristic of

mildly disturbed weather conditions. Since the mission rules do not

allowIa launch through cu ulus clouds with tops in excess of 10 OOO feet,
a MO-minute~hold was required before a permissible weather situtation

existed. þÿ ��A�tlaunch, the cloud bases were at hooo feet with tops to

10 OOO feet.` The launch under these conditions did not enhance the

cloud electric fields enough to produce a lightning discharge, thus

providing further confidence in the present launch mission rules.

13.2 ATMOSPHERIC ELECTRICITY EXPERIMENTS

As a result of the lightning strikes experienced during the

Apollo 12 launch, several experiments were performed during the launch

of Apollo 13 and Apollo lh to study the effects of the space vehicle on

the atmospheric electrical field during launch. Initially, it was hoped
that the effects could be related simply to the electrical-field-

enhancement factor of the vehicle. However, the results of the Apollo 13

measurements showed that the space vehicle produced a much stronger elec-

trical field disturbance than had been expected and also produced some

low-frequency radio noise. This disturbance may have been caused by a

buildup of electrostatic charges in the exhaust cloud, charge buildup on

the vehicle, or a combination of both of these sources. To define the

origin and the carriers of the charge, additional experiments were per-
fonmed during the Apollo lk launch to study the electric field phenomena
in more detail, to measure radio noise, and to measure the temperature
of the Saturn V exhaust plu e, which is an important parameter in calcu-

lating the electrical breakdown characteristics of the exhaust. The pre

liminary findings of these experiments are given here. When analyses of

data have been completed, a supplemental report will be issued (appendix

13.2.1 Electrical Field Measurements

Atmospheric electrical field measurements were made by the New

Mexico Institute of Mining and Technology and the Stanford Research In-

stitute at the locations shown in figure 13-1. In addition, a field

measuring instrument (field mill) was installed on the launch umbilical

E
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F ield m i l l  
no . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
13 
14 

7 5 0  
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3 7 5  
3 0 0  

1675 
1480 
1600 

800 
3 8 0  
4 0 0  
8 0 0  

On launch umbi lical 
tower 

19 
49 
7 0  

1 1 6  
148 
258 
2 7 0  
348 
2 7 0  
3 0 0  
2 7 0  
2 1 0  
180 

0 

0 

Field mi II i nstruments 1 through 8 were 
provided by New Mexico Institute of Mining 
and Technology . The remainder of the 
instruments were provided by Stanford 
Research Institute . 

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

tower to detect any charge bui ldup on the vehicle during igni tion and the 
initial seconds after li ft-off. Accurate timing signals , which were not 
available on Apollo 1 3 ,  were provided t o  most of the field measurement 
equipment locations on Apollo 14 . Time-lapse photographs of the launch 
cloud were als o taken to aid in the interpretati on of the dat a .  Like 
Apollo 13 , the Apollo 14 launch produced a signi fi cant electri cal dis­
turb ance in the field mill records ( fig . 13-2 ) .  Although the data are 
still being analy ze d ,  s ame preliminary observations can be made . 

Prior to the Apollo 13 launch , the field mills indicated stable 
fine-weather fields of 100 to 200 volts per meter . Before the Apollo 14 
launch , however , the fields were nuctuating s everal hundre d volts per 
meter , positive an d  negat ive . This behavior was entirely cons istent with 
the di fference i n  weather conditions -- good conditions for Apollo 13 but 
mild disturbances for Apollo 14 . 
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Figure 13-l.- Field mill locations at the launch site.

tower to detect any charge buildup on the vehicle during ignition and the

initial seconds after lift-off. Accurate timing signals , which were not

available on Apollo 13, were provided to most of the field measurement

equipment locations on Apollo lli. Time-lapse photographs of the launch

cloud were also taken to aid in the interpretation of the data. Like

Apollo 13, the Apollo ll# launch produced a significant electrical dis-

turbance in the field mill records (fig. 13-2). Although the data are

still being analyzed, some preliminary observations can be made.

Prior to the Apollo 13 launch, the field mills indicated stable

fine-weather fields of 100 to 200 volts per meter. Before the Apollo 11;

launch, however, the fields were fluctuating several hundred volts per

meter, positive and negative. This behavior was entirely consistent with

the difference in weather conditions - good conditions for Apollo 13 but

mild disturbances for Apollo lit.
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During the Apollo 13 launch , the instruments at sites west of the 
launch complex regi stered a smooth pos itive field increase , succeeded 
by a less pronounced negative excursion .  For Apollo 14 , the negative 
excursi on was not evi dent ; however , the fi eld vari at i ons occurred at ap­
proximately equivalent times for both launches . The pos itive excurs ion 
was approximately five times greater for Apollo 13 than for Apollo 14 , 
and reached maximum when the space vehicle was at altitudes greater than 
1000 meters . This observat i on ,  coupled with the fact that the maximum 
elect ri c  fields were observed downwind on both launches makes it unlikely 
that the space vehi cle charge was the dominant factor but , rather , that 
the pos itively charge d clouds were the dominant sources of the electri c  
fields . 

During li ft-off , the swi ftly moving exhaust clouds are channeled 
both north and south through the flame trough . The principal cloud which 
moved through the north end of the flame trough was composed largely of 
condens ed spray water and contained. a posit i ve ch arge of approximately 
50 milli coulombs and a field of approximately 4000 volts /meter ( Site 2 
of fig.  13-2 ) . The cloud that exhausted to the south had much less water 
and contained about a 5-milli coulomb negative charge . The cloud als o ap­
peared to contain soli d part i culate matter whi ch rapidly fell out . 

The field mill on the launch umb ili cal tower indicated a small pos i ­
tive value ( <400 volts /meter)  a few seconds after li ft-off .  Model meas­
urements using a 1/14 4-s cale model of the launch umbili cal tower and the 
Apollo/Saturn vehi cle indi cated that , in this configurat i on ,  the launch 
umbilical tower field and the vehicle potential are related by volts / 
field = 20 meters . Thus , the vehi cle potential is less than 8000 volts 
( 400 x 20 ) .  A comparison of the launch umbili cal tower record with the 
dat a from the other s i tes indi cates that the charge on the vehi cle ap­
pears to be less than 1 mi lli coulomb . 

13 . 2 . 2 Radi o Noise Measurements 

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

The loop-antenna dat a ( fi g .  13-3 ) indi cate a large increas e in  nois e  
on the 1 . 5-kHz an d  6-kHz channels 3 seconds after engine ignition , while 
the noise on the 51-kHz channel di d not begin until 2 seconds after lift­
off ( about 11 seconds after ignition ) .  Initi ally , it appeared that the 
1 . 5- and 6-kHz data might not represent radiated elect romagneti c noise , 
rather , mi crophoni c noise generat ed by some component of the system such 
as the loop antenna preamplifier . Preliminary dat a  from the ele ctri c 
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During the Apollo 13 launch, the instruments at sites west of the

launch complex registered a smooth positive field increase, succeeded

by a less pronounced negative excursion. For Apollo lk, the negative
excursion was not evident; however, the field variations occurred at ap-

proximately equivalent times for both launches. The positive excursion

was approximately five times greater for Apollo 13 than for Apollo lb,
and reached maximum when the space vehicle was at altitudes greater than

1000 meters. This observation, coupled with the fact that the maximum

electric fields were observed downwind on both launches makes it unlikely
that the space vehicle charge was the dominant factor but, rather, that

the positively charged clouds were the dominant sources of the electric

fields.

During lift-off, the swiftly moving exhaust clouds are channeled

both north and south through the flame trough. The principal cloud which

moved through the north end of the flame trough was composed largely of

condensed spray water and contained a positive charge of approximately
50 millicoulombs and a field of approximately hooo volts/meter (Site 2

of fig. 13-2). The cloud that exhausted to the south had much less water

and contained about a 5-millicoulomb negative charge. The cloud also ap-

peared to contain solid particulate matter which rapidly fell out.

The field mill on the launch umbilical tower indicated a small posi~
tive value (<hoo volts/meter) a few seconds after lift-off. Model meas-

urements using a 1/lhh-scale model of the launch umbilical tower and the

Apollo/Saturn vehicle indicated that, in this configuration, the launch

umbilical tower field and the vehicle potential are related by volts/
field = 20 meters. Thus, the vehicle potential is less than 8000 volts

(hoo X 20). A comparison of the launch umbilical tower record with the

data from the other sites indicates that the charge on the vehicle ap-

pears to be less than 1 millicoulomb.

13.2.2 Radio Noise Measurements

Narrow-band radio receivers operating at frequencies of 1.5, 6, 27,
51, and 120 kHz were located at camera pad 5 (field mill site 11) to-

gether with a broadband detector. As in the case of Apollo 13, signals
were detected at several different frequencies, but the time behavior of

different frequency components was not the same during the two launches.

The loop-antenna data (fig. 13-3) indicate a large increase in noise

on the 1.5-kHz and 6-kHz channels 3 seconds after engine ignition, while

the noise on the 51-kHz channel did not begin until 2 seconds after lift-

off (about 11 seconds after ignition). Initially, it appeared that the

1.5- and 6-kHz data might not represent radiated electromagnetic noise,
rather, microphonic noise generated by some component of the system such

as the loop antenna preamplifier. Preliminaqy data from the electric
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dipole antenna at camera pad 5 ,  howeve r ,  indicate the same general be­
havi or , and as the two antenna systems use s eparate ampli fiers , it appears 
that the dat a are vali d.  An abrupt ces s at i on of the 1 . 5- and 6-kHz noi s e  
by both systems prior t o  the loss o f  the 51-kHz noise  is not understood 
and further studies of the noise  dat a are presently being made . 

13 . 2 . 3  Plume Temperature Meas urements 

The temperature characteristics of the Sat urn V exhaust plume were 
studied from a site about 5 miles west of the launch complex using a two­
channel radiometer syst em operating at 1 . 26 and 1 . 68 mi crons . The radio­
meters viewed a narrow hori zontal sect i on of the exhaust plume whi ch , in 
turn , provided temperature as a function of distance down the plume as 
the vehi cle as cended vertically .  Figure 13-4 shows the measured plume 
temperature as a fUnction of dis tance behind the vehicle . These results 
are now being used to improve the theoretical calculat i ons of the elec­
trical characteristi cs of the exhaust plume . It appears that the plume 
may be a reasonable electri cal conductor over a length of s ome 200 feet . 
Thi s result is consistent with the low value of veh i cle potenti al when 
the vehicle is pass ing the launch umbilical tower field meter s ince , at 
that time , the vehicle is probably still effectively connected ele ctri c­
ally to earth . ( Reference 10 contains additional informat i on concerning 
plume temperature measurement s . ) 
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Figure l3-3.- Noise recorded by loop antenna system.

dipole antenna at camera pad 5, however, indicate the same general be-

havior, and as the two antenna systems use separate amplifiers, it appears
that the data are valid. An abrupt cessation of the l.5- and 6-kHz noise

by both systems prior to the loss of the Sl-kHz noise is not understood

and further studies of the noise data are presently being made.

l3.2.3 Plume Temperature Measurements

The temperature characteristics of the Saturn V exhaust plume were

studied from a site about 5 miles west of the launch complex using a two-

channel radiometer system operating at l.26 and l.68 microns. The radio-

meters viewed a narrow horizontal section of the exhaust plume which, in

turn, provided temperature as a function of distance down the plume as

the vehicle ascended vertically. Figure l3-M shows the measured plume
temperature as a function of distance behind the vehicle. These results

are now being used to improve the theoretical calculations of the elec-

trical characteristics of the exhaust plume. It appears that the plume
may be a reasonable electrical conductor over a length of some 200 feet.

This result is consistent with the low value of vehicle potential when

the vehicle is passing the launch umbilical tower field meter since, at

that time, the vehicle is probably still effectively connected electric-

ally to earth. (Reference lO contains additional information concerning
plume temperature measurements.)
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Figure 13-4 . - Exhaust plume temperature characteri st ic s .  

13 . 3  LAUNCH VEHICLE SUMMARY 

The seventh manned Saturn V Apollo space vehicle , AS-509, was 
launched on an azimuth 90 degrees east of north.  A roll maneuver was 
initiated at 12 . 8  seconds that placed the vehi cle on a flight azimuth 
of 75 , 5 58  degree s east of north . The traj ectory parameters from launch 
to translunar injection were close t o  nominal with translunar injection 
achieved 4 . 9  seconds earlier than nominal . 
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13.3 LAUNCH VEHICLE SUMMARY

The seventh manned Saturn V Apollo space vehicle, AS-509, was

launched on an azimuth 90 degrees east of north. A roll maneuver was

initiated at 12.8 seconds that placed the vehicle on a flight azimuth

of 75.558 degrees east of north. The trajectory parameters from launch

to translunar injection were close to nominal with translunar injection
achieved h.9 seconds earlier than nominal.
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All S-IC propuls ion systems performe d satis factori ly . Total pro­
pellant consumption rate was 0 . 42 percent higher than predicted with the 
cons umed mixture rat i o  0 . 94 percent higher than predi cted.  Speci fic  im­
puls e was 0 . 23 percent higher than predicted.  

The S-II propuls ion sys tem performe d s at i s factori ly .  Total propel­
lant flow rate was 0 . 12 percent below predi cted and speci fic  impuls e was 
0 . 19 percent below predi cted.  Propellant mixture ratio was 0 . 18 percent 
above predi ct ed. The pneumatically actuat ed engine-mixture-rat i o  control 
valves operat ed satis factori ly . Engine start tank conditions were mar­
ginal at S-II engine start command becaus e of the lower start t ank re­
lief valve settings caus ed by warmer-than-usual start t ank temperatures . 
Thes e warmer temperatures were a res ult of the hold prior to laun ch . 

The S-IVB stage engine operated sat i s factori ly throughout the oper­
at ional phas e  of firs t and second firings and had normal shutdowns . The 
S-IVB first firing time was 4 . 1  seconds les s than predi cte d. The restart 
at the full-open propellant uti li zat i on valve pos ition was succes s ful . 
S-IVB s econd firing time was 5 . 5  seconds les s  than predi cted. The total 
propellant consumption rate was 1 . 38 percent higher than predi cted for 
the first fi ring and 1 . 47 percent higher for the s econd firing . Speci fi c  
impulses for each were proporti onally higher .  

The s tructural loads experienced were below des i gn values . The max­
imum dynami c pressure period bending moment at the S-IC liquid oxygen 
tank was 45 percent of the design value . The thrust cutoff trans i ents 
were s imilar to those of previous flights . The S-II stage center engine 
liquid oxygen feedline ac cumulator s ucces sfully inhib ited the 14- to 
16-hert z  longitudinal os ci llations experi enced on previous flights . Dur­
ing the maximum dynami c pres sure region of flight , the launch vehi cle ex­
perienced winds that were les s than 95-percentile January winds . 

The S-IVB/instrument unit lunar impact was accompli shed succes sfully . 
At 82 : 37 : 52 . 2  elapsed time from li ft-off , the S-IVB/instrument unit im­
pacted the lunar surface at approximately 8 degrees 5 minutes 35 seconds 
south latitude and 26 degrees l minute 2 3  seconds west longitude , approx­
imately 150 miles from the target of 1 degree 35 minutes 46 seconds s outh 
lat itude and 33 degrees 15 minutes west longitude . Impact velocity was 
8343 ft /s ec . 

The ground systems , supporting count down and launch , performed sat­
is factorily . System component fai lures and malfuncti ons requiring cor­
rective acti on were corrected during countdown without causing uns cheduled 
holds . Propellant tanking was accomplished s atis fact orily . Damage to  the 
pad , launch umbili cal tower , and support equipment was minor . 
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All S-IC propulsion systems performed satisfactorily. Total pro-

pellant consumption rate was O.M2 percent higher than predicted with the

consu ed mixture ratio 0.9M percent higher than predicted. Specific im-

pulse was 0.23 percent higher than predicted.

The S-II propulsion system performed satisfactorily. Total propel-
lant flow rate was O.l2 percent below predicted and specific impulse was

O.l9 percent below predicted. Propellant mixture ratio was O.l8 percent
above predicted. The pneumatically actuated engine-mixture-ratio control

valves operated satisfactorily. Engine start tank conditions were mar-

ginal at S-II engine start command because of the lower start tank re-

lief valve settings caused by warmer-than-usual start tank temperatures.
These warmer temperatures were a result of the hold prior to launch.

The S-IVB stage engine operated satisfactorily throughout the oper-

ational phase of first and second firings and had normal shutdowns. The

S-IVB first firing time was h.l seconds less than predicted. The restart

at the full-open propellant utilization valve position was successful.

S-IVB second firing time was 5.5 seconds less than predicted. The total

propellant consu ption rate was l.38 percent higher than predicted for

the first firing and l.hT percent higher for the second firing. Specific
impulses for each were proportionally higher.

The structural loads experienced were below design values. The max-

imum dynamic pressure period bending moment at the S-IC liquid oxygen
tank was M5 percent of the design value. The thrust cutoff transients

were similar to those of previous flights. The S-II stage center engine
liquid oxygen feedline accumulator successfully inhibited the lh- to

l6-hertz longitudinal oscillations experienced on previous flights. Dur-

ing the maximum dynamic pressure region of flight, the launch vehicle ex-

perienced winds that were less than 95-percentile January winds.

The S-IVB/instru ent unit lunar impact was accomplished successfully.
At 82:3T:52.2 elapsed time from lift-off, the S-IVB/instrument unit im-

pacted the lunar surface at approximately 8 degrees 5 minutes 35 seconds

south latitude and 26 degrees l minute 23 seconds west longitude, approx-

imately l5O miles from the target of l degree 35 minutes M6 seconds south

latitude and 33 degrees l5 minutes west longitude. Impact velocity was

83h3 ft/sec.

The ground systems, supporting countdown and launch, performed sat-

isfactorily. System component failures and malfunctions requiring cor-

rective action were corrected during countdown without causing unscheduled

holds. Propellant tanking was accomplished satisfactorily. Damage to the

pad, launch umbilical tower, and support equipment was minor.
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14 . 0  ANOMALY SUMMARY 

This section contains a dis cuss ion o f  the s igni fi cant anomalies 
that occurred during the Apollo 14 mis s i on . The di scus sion of these 
items is divided into four maj or areas : command and service modules ; 
lunar module ; government-furnished equipment ; and Apollo lunar surface 
experiments package . 

14 . 1  COMMAND AND SERVICE MODULES 

14 . 1 . 1  Failure to  Achieve Docking Probe Capture Lat ch Engagement 

Six docking attempts were require d to success fully achieve capture 
latch engagement during the transposition and docking event . Subs equent 
inflight examination of the probe showed normal operat i on of the mecha­
nism. The lunar orbit undocking and docking were completely normal . Data 
analysis of film , accelerometers , and reaction control system thruster 
activity indi cates that probe-to-drogue contact conditi ons were normal 
for all docking attempts , and capture should have b een achieved for the 
five unsuccess ful attempts (tab le 14-I ) . The capture-latch as sembly must 
not have been in the locked configuration during the first five attempts 
bas ed on the following : 

a .  The probe status talkback displays functioned properly before 
and after the uns uccess ful att empts ,  thus indicating proper switch oper­
at ion and power to the talk back circuits . The talkback di splays always 
indicated that the capture lat ches were in the cocked pos ition during 
the unsucces s ful attempts ( fig .  14-l) . ( Note that no electrical power 
is requi red to capture because the system is cocked pri or to flight and 
the capture operat ion i s  strictly mechani cal and triggered by the drogue . )  

b .  Each of  the s ix marks on the drogue resulted from s eparate con­
tacts by the probe head ( fig . 14-2 ) . Although three of the marks are 
approximately 120 degrees apart , a docking impact with locked capture 
lat ches should result in three doub le marks ( t o  mat ch the latch hooks ) 
120 degrees apart , and within one inch of the drogue apex or socket . 
Although the drogue marks could indi cate that the indivi dual capture­
latch hooks were diffi cult to depress , such marks are not abnormal for 
impact velociti es greater than 0 . 25 feet per second. 

Since the lat ches were not locke d ,  the anomaly was apparently caused 
by failure of  the capture-latch plunger ( fig . 14-l) to reach the forward 
or locked position . Motion of  the plunger could have been restricted by 
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lh.O ANOMALY SUMMARY

This section contains a discussion of the significant anomalies

that occurred during the Apollo lk mission. The discussion of these

items is divided into four major areas: command and service modules;
lunar module; government-furnished equipment; and Apollo lunar surface

experiments package.

lh.l CO MAND AND SERVICE MODULES

lh.l.l Failure to Achieve Docking Probe Capture Latch Engagement

Six docking attempts were required to successfully achieve capture
latch engagement during the transposition and docking event. Subsequent
inflight examination of the probe showed normal operation of the mecha-

nism. The lunar orbit undocking and docking were completely normal. Data

analysis of film, accelerometers, and reaction control system thruster

activity indicates that probe-to-drogue contact conditions were normal

for all docking attempts, and capture should have been achieved for the

five unsuccessful attempts (table lh-I). The capture-latch assembly must

not have been in the locked configuration during the first five attempts
based on the following:

a. The probe status talkback displays functioned properly before

and after the unsuccessful attempts, thus indicating proper switch oper-

ation and power to the talkback circuits. The talkback displays always
indicated that the capture latches were in the cocked position during
the unsuccessful attempts (fig. lk-1). (Note that no electrical power

is required to capture because the system is cocked prior to flight and

the capture operation is strictly mechanical and triggered by the drogue.)

b. Each of the six marks on the drogue resulted from separate con-

tacts by the probe head (fig. lh-2). Although three of the marks are

approximately 120 degrees apart, a docking impact with locked capture
latches should result in three double marks (to match the latch hooks)
l2O degrees apart, and within one inch of the drogue apex or socket.

Although the drogue marks could indicate that the individual capture-
latch hooks were difficult to depress, such marks are not abnormal for

impact velocities greater than 0.25 feet per second.

Since the latches were not locked, the anomaly was apparently caused

by failure of the capture-latch plunger (fig. lk-l) to reach the forward

or locked position. Motion of the plunger could have been restricted by



TABLE 14-I . - RELATED DATA AND FILM INVESTIGATION RESULTS 

Estimated 
Contact asocket +X 

Docking Contact , 
velocity , 

position, contact thrusting 
Comments attempt hr :mi n : s ec 

ft /sec 
clock- t ime , after contact , 

oriented seconds seconds 

lA 3 :13 : 53 . 7  0 .1 11 : 00 1 . 55 None a .  No thruster activity 
b .  Contact moderately close to apex 

1B 3 : 14 : 01 . 5  
b

0 . 14 max 9 : 00 1 . 6 5  None Contact close to apex 

lC 3 : 14 : 04 . 45 
b

0 . 1 4  max 4 : 30 1 . 4  0 . 55 Contact close to apex 

lD 3 : 14 : 09 .0 
b 

0 . 29 max 4 : 00 2 . 35 1 . 9 5  Contact close to apex 

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

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

4 3 :2 3 : 41 . 7  0 . 4  to 0 . 5  3 :00 6 . 5  6 . 2  Contact close to apex 

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

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

after contact 
c .  Initial latch triggere� 11 . 8  sec-

onds after contact 

�e maximum capture-latch response time is 80 milliseconds . 
b

Est imated velocity from X-thruster activity time . These are maximums with same velocity being used 
to null out small separat i on velocity . Other velocities were estimated by film interpret at ion . 

TABLE lh-I.- RELATED DATA AND FILM INVESTIGATION RESULTS

Estimated

velocity,
ft/sec

Docking Contact,
attempt hrzminzsec

lA 3:l3:53.T 0.1

1B 3:lh:0l.5 b0.lh max

ic 3:l14:014.hS "o.1u mm.

lD 3:lh:09.0 b0.29max

2 3!lh:h3.T 0.h to O.

0 h to 0

0 25

5

+XContact aSocket
position, contact thrusting

clock- time, after contact,
Conments

oriented seconds seconds

ll:

9

h

h

8.

00

00

30

00

30

1-55

1.65

l.h

2.35

l.T

and hard

None

None

0-55

1.95

None

None

None

lh 3

e maximum capture latch response time is Bo milliseconds

No thruster activity
Contact moderately close to apex

Contact

Contact

Contact

Contact

Contact

Contact

Contact

Contact

close

close

close

close

close

close

to

to

to

to

apex

apex

apex

apex

apex

apex

close to apex

moderately close to apex

cycle began 6 9 seconds

after contact

Initial latch triggered ll B sec

onds after contact

3 3:l6:h3.h 0.h 7:00 2.55 to

h 3:23:hl.7 . .5 3:00 6.5 6.2 to

5 14:32:29.3 . 6=oo 2.9

6 h:55:hh.9 0.2 7:00 In . a.

docked b. Retract

c_
_ . _ _

bEstimatedvelocity from X-thruster activity time. These are maximums with some velocity being used

to null out small separation velocity. Other velocities were estimated by film interpretation
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Figure 14-1 . - Cross section of probe head and capture -latch assemb ly .  
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2-3/ 4 i n . 

1-1/ 8 in . 

F� 
2-1/ S i n .  

0 c::=:::::===:====l Drogue apex 

E 

B 

A I I  marks are s ingle 
E and F shiny marks in dry lubricant 
A, B ,  C,  and D are wide s i ngle marks having s l ight depress ion 

with scratch through dry lubricant in center 

Figure 14-2 . - Locat i on of marks on drogue ass embly . 
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Q A, B, C, and D are wide single marks having slight depression

E
with scratch through dry lubricant in center

Figure 11i-2.- Location of marks on drogue assembly.
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contamin ati on or dime ns i on al changes due t o  temperature . Internal dam­

age to the c apture- lat ch me ch anism can be ruled out b e c ause th e system · 

fUn ct ioned prope rly i n  all subs equent operat i ons following the s ixth 

docking attempt and during postflight testi ng .  

Analys es were pe rforme d t o  investi gate toleran ces and thermal 

e ffects on mat ing parts an d  s urfaces as s o c i at e d  with the operat i on o f  

t h e  c apture l at ch es . The res ults i ndi c at e  that neither temperature nor 

tole rances could h ave caus e d  the problem . In addi ti on ,  a thermal analy­

s is s h ows that nei th e r  th e l at ches nor the spi de r  could h ave been j ammed 

by i c e . 

Tests us i ng quali fi c at i on probes to determine capture- latch re sponse 

me as ureme nts were made and showe d n o  aging degradat i on o f  the sys tem . 

Tens i on tie t e s ts produced clearly sheared pins ; h owever , in one tes t , a 

sheared port ion of the pi n di d le ave the tens i on t i e  with s ome ve loc i ty 

an d  lan de d  out s i de the ri ng itsel f .  

No contaminat i on ,  corro s i on ,  s i gni fi cant deb ri s , or foreign materi­

als were foun d , an d  the me ch an i sm worked normally during all fun ct i onal 

tests . The loads and response times compared with the speci fi cat i ons 

and with the probe preflight dat a .  Mot o r  t o rque values and actuator 

as s emb ly torque values ( s t at i c  drag and capture-lat ch releas e ) compare 
favorab ly with pre flight val ue s . 

During the inspe ct i on , small s c rat ches and result i ng burrs were 
found on the tension t i e  plug wall adj acent to the plunge r .  The s cratches 

are being analy z e d .  An anomaly report will be i s s ue d  under separate cover 
when t he i nvestigation has been complete d .  

The most probable cause o f  t h e  problem was contami nat i on or deb ris 

whi ch lat e r  be came di s lodge d .  A cover wi ll b e  provided t o  protect the 

probe tip from foreign mat e ri al entering the me chanism pri or t o  fli ght . 

This anomaly is ope n .  

14 . 1 . 2  H i gh-Gain Antenna Tracking Problems 

During t ranslunar coast and lunar orbit operat i ons , occas i onal prob­

lems were encountered in acqui ring good h i gh-gai n antenna t r acking with 

either the primary or s econ dary elect roni cs . The speci fi c times of high­

gai n antenna acqui s i ti on an d  t r acking problems were : 

a .  76 : 45 : 00 t o  76 : 55 : 00 
b .  92 : 16 : 00 to 93 : 22 : 00 
c .  97 : 58 : 00 to 98 : 04 : 02 
d .  99 : 5 2 : 00 .  

c o n t a m i n a t i o n o r d i m e n s i o n a l c h a n g e sd u e t o

l k - 5

t e m p e r a t u r e . I n t e r n a l d a m -

a g e t o t h e c a p t u r e - l a t c h m e c h a n i s m c a n b e r u l e d o u t b e c a u s e t h e s y s t e m '
f u n c t i o n e d p r o p e r l y i n a l l s u b s e q u e n to p e r a t i o n sf o l l o w i n g t h e s i x t h

d o c k i n g a t t e m p t a n d d u r i n g p o s t f l i g h t t e s t i n g .

A n a l y s e sw e r e p e r f o r m e dt o i n v e s t i g a t e t o l e r a n c e s a n d t h e r m a l

e f f e c t s o n m a t i n g p a r t s a n d s u r f a c e s a s s o c i a t e d w i t h t h e o p e r a t i o no f

t h e c a p t u r e l a t c h e s . T h e r e s u l t s i n d i c a t e t h a t n e i t h e r t e m p e r a t u r en o r

t o l e r a n c e s c o u l d h a v e c a u s e d t h e p r o b l e m . I n a d d i t i o n , a t h e r m a l a n a l y -
s i s s h o w s t h a t n e i t h e r t h e l a t c h e s n o r t h e s p i d e r c o u l d h a v e b e e n j a m m e d
b y i c e .

T e s t s u s i n g q u a l i f i c a t i o n p r o b e s t o d e t e r m i n e c a p t u r e - l a t c h r e s p o n s e

m e a s u r e m e n t s w e r e m a d e a n d s h o w e d n o a g i n g d e g r a d a t i o no f t h e s y s t e m .
T e n s i o n t i e t e s t s p r o d u c e dc l e a r l y s h e a r e d p i n s ; h o w e v e r ,i n o n e t e s t , a

s h e a r e d p o r t i o n o f t h e p i n d i d l e a v e t h e t e n s i o n t i e w i t h s o m e v e l o c i t y
a n d l a n d e d o u t s i d e t h e r i n g i t s e l f .

N o c o n t a m i n a t i o n ,c o r r o s i o n , s i g n i f i c a n t d e b r i s , o r f o r e i g n m a t e r i -

a l s w e r e f o u n d , a n d t h e m e c h a n i s m w o r k e d n o r m a l l y d u r i n g a l l f u n c t i o n a l

t e s t s . T h e l o a d s a n d r e s p o n s e t i m e s c o m p a r e dw i t h t h e s p e c i f i c a t i o n s
a n d w i t h t h e p r o b e p r e f l i g h t d a t a . M o t o r t o r q u e v a l u e s a n d a c t u a t o r

a s s e m b l yt o r q u e v a l u e s ( s t a t i c d r a g a n d c a p t u r e - l a t c h r e l e a s e )c o m p a r e

f a v o r a b l y w i t h p r e f l i g h t v a l u e s .

D u r i n g t h e i n s p e c t i o n , s m a l l s c r a t c h e s

f o u n d o n t h e t e n s i o n t i e p l u g w a l l a d j a c e n t
a r e b e i n g a n a l y z e d . A n a n o m a l yr e p o r t w i l l

w h e n t h e i n v e s t i g a t i o n h a s b e e n c o m p l e t e d .

T h e m o s t p r o b a b l e c a u s e o f t h e p r o b l e m
w h i c h l a t e r b e c a m e d i s l o d g e d . A c o v e r w i l l

a n d r e s u l t i n g b u r r s w e r e

t o t h e p l u n g e r . T h e s c r a t c h e s

b e i s s u e d u n d e r s e p a r a t e c o v e r

w a s c o n t a m i n a t i o n o r d e b r i s

b e p r o v i d e d t o p r o t e c t t h e

p r o b e t i p f r o m f o r e i g n m a t e r i a l e n t e r i n g t h e m e c h a n i s m p r i o r t o f l i g h t .

T h i s a n o m a l yi s o p e n .

l h . l . 2 H i g h - G a i nA n t e n n a T r a c k i n gP r o b l e m s

D u r i n g t r a n s l u n a r c o a s t a n d l u n a r o r b i t o p e r a t i o n s , o c c a s i o n a l p r o b -
l e m s w e r e e n c o u n t e r e d i n a c q u i r i n g g o o d h i g h - g a i n a n t e n n a t r a c k i n g w i t h

e i t h e r t h e p r i m a r y o r s e c o n d a r ye l e c t r o n i c s . T h e s p e c i f i c t i m e s o f h i g h -
g a i n a n t e n n a a c q u i s i t i o n a n d t r a c k i n g p r o b l e m sw e r e z

a . T 6 : M 5 : 0 0t o 7 6 : 5 5 : 0 0
b . 9 2 : 1 6 : 0 0t o 9 3 : 2 2 : 0 0
c . 9 7 : 5 8 : 0 0t o 9 8 : 0 M : 0 2
d . 9 9 : 5 2 : 0 0 .
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An instrumentation problem with the antenna readout occurred for 
about 3 hours early in the missi on when an error of about 30 degrees 
existed.  Subsequently , the readings were normal . A mechani cal inter­
ference in the instrument servos is the most likely cause . The instru­
ment servos are an independent loop whi ch drive the antenna pitch and 
yaw meters in the command module . No corrective acti on is planned s ince 
the servos do not affect the antenna performance for any modes of oper­
ati on .  

The ground dat a signatures whi ch show the first acquisition and 
tracking problems are illustrated in figure 14-3 . The antenna started 
tracking a point approximately 5 to 8 degrees off the earth pointing 
angle at 76 : 45 : 00 elaps ed time and continued t racking with low uplink 
and downlink signal levels for 10 minutes at which time a good narrow 
beam lock-up was achieved .  
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Figure 14-3 . - Dat a from first period of anomalous operation .  
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The low signals correlat e  with antenna pattern and gain data for a 
5- to 8-degree bores ight shi ft in the wi de-beam mode . The directi on of 
the spi kes ob served on the downlink dat a  in figure 14-3 are cons istent 
with swit ching between the wide and narrow beams . Conditi ons for a nor­
mal alignment and a mis alignment of the wi de and narrow beams are shown 
in figure 14- 4 .  A 5- t o  8-degree shift in the wide-beam mode bores ight 
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± 3-degree shaded 
area wi II cause 
cyclic switching 

10 15 

Wide beam 

20 

(b) Alignment conditions indicated by Apollo 14 data. 

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

Figure 14- 4 . - Antenna narrow- and wide-beam bores ight relationship . 
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The low signals correlate with antenna pattern and gain data for a

5- to 8-degree boresight shift in the wide-beam mode. The direction of

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

with switching between the wide and narrow beams. Conditions for a nor-

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

in figure lb-M. A 5- to 8-degree shift in the wide-beam mode boresight
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will not allow narrow-beam lock since continuous switching between the 
wide beam and narrow beam wi ll oc cur with the target out s i de the ±3-
degree limit of the narrow-beam boresight . Thes e large error s ignals 
will initiat e  cycli c switching between the wide-beam and narrow-beam 
modes . 

The acquisition and t racking problems for the other time periods 
were s imilar .  As a result of the 5- to 8-degree bores ight shi ft of the 
wide beam ,  the antenna at times would lock-up on the first s i de lobe 
instead of the main lobe ( fi g .  14- 4 ) . Since the antenna array is not 
symmetri cal ,  the boresight e rror in the wi de-beam mode is a functi on of 
the target approach path . 

A number of problems could have caus ed the electri cal shi ft of the 
wide beam ; however , they effectively reduce to an interruption of one of 
the four wi de-beam elements whi ch supply signals to the wi de-beam com­
parator . The most likely caus e is that a connector to one of the coaxi al 
cables which are used t o  connect the wi de-beam antennas to the comparator 
assembly of the strip lines was faulty . 

In support of this cause , five bad coaxi al center conductors have 
been found.  Als o ,  a coaxial connector was di sconnected on the antenna 
and the effect in the beam occurred .  There are two caus es of the problem 
with the center conductor , both of whi ch oc cur duri ng cable-to- connector 
ass embly ( fi g .  14-5 ) . The sleeve is as sembled to the cable , a Lexan 
insulator is then slipped over the center conductor , and the pin i s  in­
s erted over the center conductor and soldered.  If the wire gets too hot 
during s oldering , the Lexan grows and no longer fits loosely through the 
hole in the outer body . When this occurs and the outer body is screwed 
onto the sleeve , the wi re can be twisted and the center conductor may 
fai l . 

Another poss ible fai lure occurs when too much solder i s  used or the 
wire is not centered in the pi n .  Thes e conditi ons will bind the pin t o  
the outer body insulat i on and , during as s embly , the wire i s  twi sted to 
failure . Thes e condi ti ons are being corre cted by reworking all connect­
ors and applying proper inspect i on and control procedures during the re­
work . 

Fai lures on previ ous flights , in addition to the one on this mission , 
were of the type that appear under cert ain thermal conditions . The mal­
functi on conditions of each of the failures were isolated to  di fferent 
components of the antenna. All of these defects were of a type which 
could es cape the test s creening process .  Another pos sibi li ty is that the 
shock which an antenna experi ences during the spacecraft-lunar module 
adapte r  s eparation when the pyrotechni cs fi re might have caus ed defects 
in the ci rcuitry whi ch could open up under certai n thermal condi tions 
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will not allow narrow-beam lock since continuous switching between the

wide beam and narrow beam will occur with the target outside the i3-

degree limit of the narrow-beam boresight. These large error signals
will initiate cyclic switching between the wide-beam and narrow-beam

modes.

The acquisition and tracking problems for the other time periods
were similar. As a result of the 5- to 8-degree boresight shift of the

wide beam, the antenna at times would lock-up on the first side lobe

instead of the main lobe (fig. lk-M). Since the antenna array is not

symmetrical, the boresight error in the wide-beam mode is a function of

the target approach path.

A number of problems could have caused the electrical shift of the

wide beam; however, they effectively reduce to an interruption of one of

the four wide-beam elements which supply signals to the wide-beam com-

parator. The most likely cause is that a connector to one of the coaxial

cables which are used to connect the wide-beam antennas to the comparator
assembly of the strip lines was faulty.

In support of this cause, five bad coaxial center conductors have

been found. Also, a coaxial connector was disconnected on the antenna

and the effect in the beam occurred. There are two causes of the problem
with the center conductor, both of which occur during cable-to-connector

assembly (fig. lk-5). The sleeve is assembled to the cable, a Lexan

insulator is then slipped over the center conductor, and the pin is in-

serted over the center conductor and soldered. If the wire gets too hot

during soldering, the Lexan grows and no longer fits loosely through the

hole in the outer body. When this occurs and the outer body is screwed

onto the sleeve, the wire can be twisted and the center conductor may

fail.

Another possible failure occurs when too much solder is used or the

wire is not centered in the pin. These conditions will bind the pin to

the outer body insulation and, during assembly, the wire is twisted to

failure. These conditions are being corrected by reworking all connect-

ors and applying proper inspection and control procedures during the re-

work. =

Failures on previous flights, in addition to the one on this mission,
were of the type that appear under certain thermal conditions. The mal-

function conditions of each of the failures were isolated to different

components of the antenna. All of these defects were of a type which

could escape the test screening process. Another possibility is that the

shock which an antenna experiences during the spacecraft-lunar module

adapter separation when the pyrotechnics fire might have caused defects

in the circuitry which could open up under certain thermal conditions
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during the mi ssion . The original quali fi c ation tests cons idered that th e 
shock envi ronment would be low . 

To further investigate the effects of the spacecraft-lunar module 
adapter pyrotechni c shock on an antenna,  a shock test has been conducted . 
The results show that the antenna experi ences about an order-of-magnitude 
greater shock than had been originally anticipat e d .  However , thermal 
testi ng of the antenna has shown no detrimental effects becaus e of  the 
shock . To better s creen out defects whi ch potenti ally could affect the 
functi on i ng of the antenna,  a thermal acceptance test will be performed 
on all future flight antennas whi le radiat i ng and under operating con­
dit i ons . 

Thi s anomaly is  clos ed.  

14 . 1 . 3  Urine Nozzle Blockage 

After t ransposition and docking and pri or to initiat i ng pass ive 
thermal control , the crew indi c ated that the urine nozzle ( fig .  14-6 )  
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during the mission. The original qualification tests considered that the

shock environment would be low.

To further investigate the effects of the spacecraft-lunar module

adapter pyrotechnic shock on an antenna, a shock test has been conducted.

The results show that the antenna experiences about an order-of-magnitude
greater shock than had been originally anticipated. However, thermal

testing of the antenna has shown no detrimental effects because of the

shock. To better screen out defects which potentially could affect the

functioning of the antenna, a thermal acceptance test will be performed
on all future flight antennas while radiating and under operating con-

ditions.

This anomaly is closed.

l1l.l.3 Urine Nozzle Blockage

After transposition and docking and prior to initiating passive
thermal control, the crew indicated that the urine nozzle (fig. 11|-6)
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was obstruct e d .  The .  s ame condition oc curred s everal other times during 
the mi ssion an d ,  in each c as e , the dump nozzle had not been exposed t o  
sunlight for prolonged peri ods . 

The heaters and circuitry were checked and foun d  to be normal . The 
system design has been previous ly veri fi ed under some , but not all ,  li kely 
thermal conditi ons while dumping urine . Although the history of previ ous 
mis sions has shown no indi c at i ons o f  free zing , the dumps during thi s 
flight may have coincide d  with a col de r  noz zle condition than on any pre­
vious flight . Als o ,  the purge-and-dry procedure us ed during th is mi s s i on 
was di fferent from that used in  previ ous mis si ons in that the urine re­
ceiver was rinsed with water aft er  each use and the system was purged 
with oxygen for longe r times than in past mis s i ons . Thes e changes may 
have contribut e d  to the free zi ng .  A test i s  planned to determine the 
contribution of the proce dures to the fre e zi ng .  

If free zing occurs i n  the future , thawing can be accompli shed very 
qui ckly by orienting the spacecraft · so that the nozzle is in  sunlight . 
This was demonstrated s everal times during this flight . The auxili ary 
hatch nozzle and the wat er overboard dump nozzle provi de backup capabil­
ities . No hardware change is in orde r ,  but procedural changes may be 
necessary that would either res tri ct the t imes when urine may be dumped 
or modify the purging t echniques . 

This anomaly is close d .  

14 . 1 . 4 Degraded VHF Communi cati ons 

The VHF link between the command and servi ce module and lunar mod­
ule was degraded from prior to lunar li ft-off through terminal phase 
initiat i on .  The received s ignal strength measured in the lunar module 
was lower than predicte d  during the peri ods when VHF performance was de­
graded .  VH F  voi ce was poor an d ,  ll minutes prior to lunar li ft-off , noise  
was received in the  lunar module through the VHF system. Therefore , the 
system was dis able d .  When the system was agai n enable d  about 4-l/2 min­
utes be fore lunar li ft-off , the noi se had di s appeared.  

Pri or to  lunar des cent , the  VHF ranging and rende zvous radar range 
measurements corre lat e d  closely . Howeve r ,  during the time peri od pre­
ceding terminal phas e  initiation , the VHF ranging system indi cated erron­
eous meas urements . During this same time peri o d ,  numerous range t racking 
dropout s als o  occurred .  The range me as urements were in error by 5 to 
15 miles when compared wi th the rende zvous radar range meas urements 
( fig .  14-7) . The VHF ranging data pre s ented in  the figure results from 
a number of di fferent acquisiti ons . After terminal phas e initiat i on , the 
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was obstructed. The same condition occurred several other t imes during
the mission and, in each case, the dump nozzle had not been exposed to

sunlight for prolonged periods.

The heaters and circuitry were checked and fou d to be normal. The

system design has been previously verif ied under some, but not all, likely
thermal conditions while dumping urine. Although the history of previous
missions has shown no indications of freezing, the dumps during this

flight may have coincided with a colder nozzle condition than on any pre-

vious flight. Also, the purge-and-dny procedure used during this mission

was different from that used in previous missions in that the urine re -

ceiver was rinsed with water after each use and the system was purged
with oxygen for longer t imes than in past missions. These changes may

have contributed to the freezing. A test is planned to determine the

contribution of the procedures to the freezing.

If freezing occurs in the future, thawing can be accomplished very

quickly by orienting the spacecraft so that the nozzle is in sunlight.
This was demonstrated several t imes during this flight. The auxiliary
hatch nozzle and the water overboard dump nozzle provide backup capabil-
i t ies. No hardware change is in order, but procedural changes may be

necessary that would either restrict the t imes when urine may be dumped
or modify the purging techniques.

This anomaly is closed.

The

lh.l.h Degraded VHF Co munications

VHF l ink between the co mand and service module and lunar mod-

ule was degraded from prior to lunar l i f t-off through terminal phase
init iation. The received signal strength measured in the lunar module

was lower than predicted during the periods when VHF performance was de-

graded. VHF voice was poor and, l l minutes prior to lunar l ift-off, noise

was received in the lunar module through the VHF system. Therefore, the

system was disabled. When the system was again enabled about M-l/2 min-

utes before lunar l ift-off, the noise had disappeared.

Prior to lunar descent, the VHF ranging and rendezvous radar range
measurements correlated closely. However, during the t ime period pre-

ceding terminal phase initiation, the VHF ranging system indicated er ron-

eous measurements. During this same t ime period, numerous range tracking
dropouts
15 miles

(fig. lh
a number

also occurred. The range measurements were in er ror by 5 to

when compared with the rendezvous radar range measurements

T). The VHF ranging data presented in the figure results from

of different acquisitions. After terminal phase initiation, the
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signal strength , as indicated by the lunar module re ceiver automati c  gain 
control voltage measurement , was adequate and VHF ranging operation was 
normal . 

These problems would be expected if  the s ignal strength were low .  
The signal strength was determined by measuring the automatic gain con­
trol voltage in the lunar module VHF receiver . The meas urement range 
was -97 . 5 to -32 dBm. Figure 14-8 shows the predi cte d  signal strengths 
and thos e measured during th e mis sion at the lunar module re ceiver.  

The maximum predi cted values as sume that direct and multipath s ig­
nals add . For the minimum predicted , the multipath s ignal i s  as s umed t o  
subtract from the direct signal . The antenna pattern model us ed cons isted 
of gain values in 2-degree increments and did not include all the peaks 
that are known to occur because of antenna polarization di fferences be­
tween the lunar module and command and servi ce module . Line-of-s ight to 
the command module pass ing through one of these peaks would explain the 
pulses shown in figure 14-B( a) . 

Figure 14-B ( b )  shows that the s ignal strength should have been on 
s cale subsequent to about 10 minutes after insertion . Figure 14-B( c )  
shows that the measured si gnal strength was below that expected for th e 
right-forward antenna, the one which the checklis t  calle d out to be us ed , 
from insertion to docking and above that predi cted for the right- aft 
antenna for this s ame time period .  This indi cates that the proper an­
tenna was selected ,  but s ome condition existed which de creas ed the signal 
strength to the lunar module receiver.  

The lower-than-normal RF link performance was a two-way problem 
( voi ce was poor in both dire cti ons ) ;  therefore , certain parts of  the VHF 
system are prime candi dates for the cause of the problem. Figure 14-9 
is a block diagram of the VHF communi cat i ons system as configured during 
the rende zvous phase of th e mis sion . Als o  shown are thos e areas in which 
a mal function could have affected the two-way RF link performance . A 
single malfunction in any other area would have affected one-way perform­
ance only . 

The VHF ranging problems resulted from lower-than-normal s ignal 
strength together with the existing range rate . The ranging equipment 
is  designed to operate with signal strengths greater than -105 dBm. 
The lunar module received s i gn al  strength data are ess enti ally qualita­
tive , since most of the inflight data during the problem peri od were 
off-s cale low . Un fortunately , the s cale selection was not chosen for 
failure analysis . A spot check of relative vehi cle attitudes , as evi ­
denced by normal performance of the rende zvous radar and by sextant 
s i ghtings , indicates that the at titudes were proper . The crew also  
indi cated that they followe d the checklist for VHF antenna selection . 
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signal strength, as indicated by the lunar module receiver automatic gain
control voltage measurement, was adequate and VHF ranging operation was

normal.

These problems would be expected if the signal strength were low.

The signal strength was detenmined by measuring the automatic gain con-

trol voltage in the lunar module VHF receiver. The measurement range
was -97.5 to -32 dBm. Figure lk-8 shows the predicted signal strengths
and those measured during the mission at the lunar module receiver.

The maximum predicted values assume that direct and multipath sig-
nals add. For the minimum predicted, the multipath signal is assumed to

subtract from the direct signal. The antenna pattern model used consisted

of gain values in 2-degree increments and did not include all the peaks
that are known to occur because of antenna polarization differences be-

tween the lunar module and command and service module. Line-of-sight to

the command module passing through one of these peaks would explain the

pulses shown in figure lk-8(a).

Figure lk-8(b) shows that the signal strength should have been on

scale subsequent to about lO minutes after insertion. Figure lk-8(c)
shows that the measured signal strength was below that expected for the

right-forward antenna, the one which the checklist called out to be used,
from insertion to docking and above that predicted for the right-aft
antenna for this same time period. This indicates that the proper an-

tenna was selected, but some condition existed which decreased the signal
strength to the lunar module receiver.

The lower-than-nonnal RF link performance was a two-way problem
(voice was poor in both directions); therefore, certain parts of the VHF

system are prime candidates for the cause of the problem. Figure lh-9
is a block diagram of the VHF communications system as configured during
the rendezvous phase of the mission. Also shown are those areas in which

a malfunction could have affected the two-way RF link performance. A

single malfunction in any other area would have affected one-way perform-
ance only.

The VHF ranging problems resulted from lower-than-normal signal
strength together with the existing range rate. The ranging equipment
is designed to operate with signal strengths greater than -lO5 dBm.

The lunar module received signal strength data are essentially qualita-
tive, since most of the inflight data during the problem period were

off-scale low. Unfortunately, the scale selection was not chosen for

failure analysis. A spot check of relative vehicle attitudes, as evi-

denced by normal performance of the rendezvous radar and by sextant

sightings, indicates that the attitudes were proper. The crew also

indicated that they followed the checklist for VHF antenna selection.
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A flight test was performe d to veri fy that the VHF ranging problem 
was as s ociat ed with the low VHF s ignal strength and was not related to 
the VHF ranging elements . The Apollo 14 range and range rate were dupli­
cat ed and the results  showed that , for s ignal strengths below ab out 
-10 5  dBm , errors in  indi cated range s imilar to thos e  experienced on 
Apollo 14 will be generated.  

The proce dures for test  and checkout of the  lunar module and com­
mand module elements of the VHF system have been reass es sed and found 
to be sufficient , and additional inspect i on or testing is not practi cal 
or necessary .  The only act i on that wi ll be taken is t o  add instrumen­
tat i on on both the lunar module and the command and servi ce module to  
provi de more i nsight into the nature of the problem i f  it occurs on sub­
sequent flights . Therefore , for subsequent vehi cles , receiver automati c  
gain control measurements will b e  added t o  both the lunar module and 
the command and s ervi ce module . Meas urement s cale factors will be se­
lected to give on-scale data at the low sign al strength range . The lunar 
module dat a storage and ele ctron i cs as sembly ( tape re corder)  was retained 
for subsequent pos tflight evaluation of voi ce quality ass oci ated with 
the automat i c  gain control measurements . 

Crew t raining wi ll be expande d to i nclude realistic s imulations of 
we ak s ignal strengths and the effects of ranging on voi ce quality . The 
effects of the modes s elected and operational techniques such as voi ce 
level and mi crophone pos iti on become import ant near the range limits of 
the system . 

This anomaly is clos ed.  

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

The entry monitor sys tem 0 . 0 5g light did not illuminate within 
3 seconds after an 0 . 05g condition was s ense d  by the primary gui dance 
system. The crew then manually switched to the backup pos ition . 

The entry monitor sys tem is des igned to start automati cally when 
0 . 05g is s ensed by the system ac celeromete r .  When this sens ing occurs , 
the 0 . 05g li ght should come on , the s croll should begin to drive ( al­
though barely perceptible ) and the range-to-go counter should begin to 
count down . The crew reported the li ght failure but was unable to veri­
fy whether the s croll or counter responded before the switch was manually 
change d to the backup mode . The crew als o  reported that the neutral 
dens ity filter was covering the 0 . 0 5g light and that there were sunlight 
reflections in the cab i n .  

l k - 1 6

A f l i g h t t e s t w a s p e r f o r m e d t o v e r i f y t h a t t h e V H F r a n g i n g p r o b l e m
w a s a s s o c i a t e d w i t h t h e l o w V H F s i g n a l s t r e n g t h a n d w a s n o t r e l a t e d t o

t h e V H F r a n g i n g e l e m e n t s . T h e A p o l l o l k r a n g e a n d r a n g e r a t e w e r e dup l i -
c a t e d a n d t h e r e s u l t s s h o w e d t h a t , f o r s i g n a l s t r e n g t h s b e l o w a b o u t

- 1 0 5 d B m , e r r o r s i n i n d i c a t e d r a n g e s i m i l a r t o t h o s e expe r i enced o n

A p o l l o l k w i l l b e g e n e r a t e d .

T h e p r o c e d u r e s f o r t e s t a n d c h e c k o u t o f t h e l u n a r m o d u l e a n d c o m -

m a n d m o d u l e e l e m e n t s o f t h e V H F s y s t e m h a v e b e e n r e a s s e s s e d a n d f o u n d

t o b e s u f f i c i e n t , a n d a d d i t i o n a l i n spec t i on o r t e s t i ng i s n o t p r a c t i c a l
o r n e c e s s a r y . T h e o n l y a c t i o n t h a t w i l l b e t a k e n i s t o a d d i n s t r u m e n -

t a t i o n o n b o t h t h e l u n a r m o d u l e a n d t h e c o m m a n d a n d s e r v i c e m o d u l e t o

p rov i de m o r e i n s i gh t i n t o t h e n a t u r e o f t h e p r o b l e m i f i t o c c u r s o n s u b -

s e q u e n t f l i gh t s . T h e r e f o r e , f o r s u b s e q u e n t v e h i c l e s , r e c e i v e r a u t o m a t i c

g a i n c o n t r o l m e a s u r e m e n t s w i l l b e a d d e d t o b o t h t h e l u n a r m o d u l e a n d

t h e c o m m a n d a n d s e r v i c e m o d u l e . M e a s u r e m e n t s c a l e f a c t o r s w i l l b e s e -

l e c t e d t o g i v e o n - s c a l e d a t a a t t h e l o w s i g n a l s t r e n g t h r a n g e . T h e l u n a r

m o d u l e d a t a s t o r a g e a n d e l e c t r o n i c s a s s e m b l y ( tape reco rde r ) w a s r e t a i n e d

f o r s u b s e q u e n t pos t f l i gh t e v a l u a t i o n o f v o i c e q u a l i t y a s s o c i a t e d w i t h

t h e a u t o m a t i c g a i n c o n t r o l m e a s u r e m e n t s .

C r e w t r a i n i ng w i l l b e e x p a n d e d t o i n c l u d e r e a l i s t i c s i m u l a t i o n s o f

w e a k s i gna l s t r e n g t h s a n d t h e e f f e c t s o f r ang ing o n v o i c e q u a l i t y . T h e

e f f e c t s o f t h e m o d e s s e l e c t e d a n d o p e r a t i o n a l t e c h n i q u e s s u c h a s v o i c e

l e v e l a n d m i c r o p h o n e p o s i t i o n b e c o m e impo r t an t n e a r t h e r a n g e l i m i t s o f

t h e s y s t e m .
_

T h i s a n o m a l y i s c l o s e d .

l h . l . 5 E n t r y M o n i t o r S y s t e m 0 . 0 5 g L i g h t

T h e e n t r y m o n i t o r s y s t e m 0 . 0 5 g l i g h t d i d n o t i l l u m i n a t e w i t h i n

3 s e c o n d s a f t e r a n 0 . 0 5 g c o n d i t i o n w a s s e n s e d b y t h e p r i m a r y gu idance
s y s t e m . T h e c r e w t h e n m a n u a l l y s w i t c h e d t o t h e b a c k u p p o s i t i o n .

T h e e n t r y m o n i t o r s y s t e m i s des igned t o s t a r t au toma t i ca l l y w h e n

0 . 0 5 g i s s e n s e d b y t h e s y s t e m a c c e l e r o m e t e r . W h e n t h i s s e n s i n g o c c u r s ,

t h e 0 . 0 5 g l i g h t s h o u l d c o m e o n , t h e s c r o l l s h o u l d b e g i n t o d r i v e (a l -
t h o u g h b a r e l y percep t ib le ) a n d t h e r a n g e - t o - g o c o u n t e r s h o u l d b e g i n t o

c o u n t d o w n . T h e c r e w r e p o r t e d t h e l i gh t f a i l u r e b u t w a s u n a b l e t o v e r i -

f y w h e t h e r t h e s c r o l l o r c o u n t e r r e s p o n d e d b e f o r e t h e s w i t c h w a s m a n u a l l y
c h a n g e d t o t h e b a c k u p m o d e . T h e c r e w a l s o r e p o r t e d t h a t t h e n e u t r a l

dens i t y f i l t e r w a s c o v e r i n g t h e 0 . 0 5 g l i gh t a n d t h a t t h e r e w e r e sun l i gh t
r e f l e c t i o n s i n t h e c a b i n .
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Analysis of the range counter dat a reported by the crew indi cates 
a landing point about 5 nauti c al mi les short ; whereas , i f  the entry mon­
itor system had not started when 0 .05g  was s ensed and had starte d  3 sec­
onds later , the indicated landing point would have been on the order of 
20 naut i c al miles long . 

Post flight t ests conducted on the system show that the lamp driver 
circuit and the redundant lamp fi laments were operating properly . Analy­
sis of the range counter dat a and postflight t ests indi cate that the 
failure of the crew to see the light was caused by having the fi lter 
positioned in front of the light . Reflected light from the sun and the 
ioni z ation layer would make it very di ffi cult to see the light . Further , 
a clear glass filter is used in the s imulat or ;  whe reas , the spacecraft 
filter is silvered . 

The corrective 
with a flight unit . 
pos ition the filter 

act i on is to replace the fi lter in the simulator 
Als o ,  a flight procedural change will be made to 

s o  that it will not obscure the light . 

This anomaly is closed.  

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

During entry , when the main bus t i e  swit ches (.motor-driven switches ) 
were placed in the off position at 800 feet , main bus A should have de­
energi zed;  however , the bus remained on until after landing when the 
b atte ry  bus-t ie circuit breakers were opened.  Postflight t esting showe d 
that the main mot or switch contacts were closed ( fi g .  14-10 ) .  Als o ,  the 
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Analysis of the range counter data reported by the crew indicates

a landing point about 5 nautical miles short; whereas, if the entry mon-

itor system had not started when 0.05g was sensed and had started 3 sec-

onds later, the indicated landing point would have been on the order of

20 nautical miles long.

Postflight tests conducted on the system show that the lamp driver

circuit and the redundant lamp filaments were operating properly. Analy-
sis of the range counter data and postflight tests indicate that the

failure of the crew to see the light was caused by having the filter

positioned in front of the light. Reflected light from the sun and the

ionization layer would make it very difficult to see the light. Further,
a clear glass filter is used in the simulator; whereas, the spacecraft
filter is silvered.

The corrective action is to replace the filter in the simulator

with a flight unit. Also, a flight procedural change will be made to

position the filter so that it will not obscure the light.

This anomaly is closed.

lh.l.6 Inability to Disconnect Main Bus A

During entry, when the main bus tie switches (motor-driven switches)
were placed in the off position at 800 feet, main bus A should have de-

energized; however, the bus remained on until after'landing when the

battery bus-tie circuit breakers were opened. Postflight testing showed

that the main motor switch contacts were closed (fig. lk-10). Also, the
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internal switches whi ch control the drive motor were short ed together and 
the motor windings were open . These con ditions indi c ate that th e motor 
switch stalle d.  

Main bus B should have been powered because o f  this fai lure , but 
was not . Pos t flight testing showed that this occurred becaus e the main 
bus B circuit breaker for battery C was intermittent . This problem i s  
dis cussed in section 14 . 1 . 7 .  

A s imilar motor switch fai lure was experienced during t ests of the 
Apollo 15 command and s ervice module at the launch s i te . Als o ,  a second 
similar motor switch on the Apollo 15 vehi cle requi red 100 milli s econds 
to transfe r ;  whereas , n ormal t ran s fer t ime is 50 mi lli s econds . A motor 
current signature was t aken for one swi t ch cycle of the slow-operating 
swi tch and compared to a simi lar signature t aken pri or to delivery . It 
showed that contact resistance between the brushes and commutator had 
degraded and become ext remely errat i c . Torque measurements of the fai led 
motor switch without th e motors were normal . This isolates the problem 
to the motors o f  the swit ch as s emb ly .  

A black t rack of depos its from the brushes was found on the Apollo 
14 commut ator , as well as on both of the commutators from the Apollo 15  
motors . One motor had fai le d ,  and the other was running slow . Normally , 
a commutator should show s ome dis coloration along the brush track , but 
a buildup of brush mat eri al along the t rack is abnormal . As a res ult 
o f  the track bui ldup , the resistance between the brus hes and commut ator 
became higher . The higher res istance drops the voltage i nto the armature 
caus ing the motor to run slower . ( Switch transfer , open to clos ed , or 
vice vers a ,  requires 11 revoluti ons of the motor . )  The increased re­
sistance at the brushes generates more heat than normal . A visual in­
specti on of the Apollo 14 motor brush assembly showed high heating of 
the brushes had occurre d ,  and this was concentrated at the brush­
commut ator interface . ·T-Ile condition was evi dent by the melting patt ern 
of a thin nylon dish wh ic� .retains the brush in the brush holder . 

An analysis is being made to determine the deposit buildup on the 
commutator .  Either the  brush compos ition is  in e rro r ,  or  a contamination 
exi s ts in the brush compos ition . X-rey refract i on analys is shows th e 
same elements throughout· the brush . The percentage of each of the sub­
stances will be determined and compared to the speci fi cation analysis 
of the brus h .  

Inspe ct i on o f  the commut ator out s i de of the . t rack shows a clean 
copper surface comparable to other machined s urfaces within the motor . 
It can be inferred from this that there are no' problems assoc i ated with 
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internal switches which control the drive motor were shorted together and

the motor windings were open. These conditions indicate that the motor

switch stalled.

Main bus B should have been powered because of this failure, but

was not. Postflight testing showed that this occurred because the main

bus B circuit breaker for battery C was intermittent. This problem is

discussed in section lh.1.T.

A similar motor switch failure was experienced during tests of the

Apollo 15 command and service module at the launch site. Also, a second

similar motor switch on the Apollo 15 vehicle required 100 milliseconds

to transfer; whereas, normal transfer time is 50 milliseconds. A motor

current signature was taken for one switch cycle of the slow-operating
switch and compared to a similar signature taken prior to delivery. It

showed that contact resistance between the brushes and commutator had

degraded and become extremely erratic. Torque measurements of the failed

motor switch without the motors were normal. This isolates the problem
to the motors of the switch assembly.

A black track of deposits from the brushes was found on the Apollo
1h commutator, as well as on both of the commutators from the Apollo 15
motors. One motor had failed, and the other was running slow. Normally,
a commutator should show some discoloration along the brush track, but

a buildup of brush material along the track is abnormal. As a result

of the track buildup, the resistance between the brushes and commutator

became higher. The higher resistance drops the voltage into the armature

causing the motor to run slower. (Switch transfer, open to closed, or

vice versa, requires 11 revolutions of the motor.) The increased re-

sistance at the brushes generates more heat than normal. A visual in-

spection of the Apollo lk motor brush assembly showed high heating of

the brushes had occurred, and this was concentrated at the brush-

commutator interface. þÿ ��T�h�econdition was evident by the melting pattern
of a thin nylon dish which_retains the brush in the brush holder.

An analysis is being made to detennine the deposit buildup on the

commutator. Either the brush composition is in error, or a contamination

exists in the brush composition. X-ray refraction analysis shows the

same elements throughout*the brush. The percentage of each of the sub-

stances will be determined and compared to the specification analysis
of the brush. 'TW A

Inspection of the co mutator outside of theftrack shows a clean

copper surface comparable to other machined surfaces within the motor.

It can be inferred from this that there are no problems associated with
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the age/l ife o f  the l ubricants from the bearin gs or wi th outgassi ng fro m 
organic materi als which might deposit on the commutators. The switch 
assemblies are her metically sealed and under a 15- psi pressure of nitro­
gen an d heli urn gas. 

Each motor is operated continuously for 4 to 8 hours to seat the 
brushes. The motors are then disassembled, inspected, an d cleaned. 
Proce dures for cle aning the motor as sembly are not explici t as to mate­
rials or techniques to be used. This could be the cause of the problem. 
A further study of this aspect is being made. An anomaly re port will be 
issued upon completion of the investigation. 

There are 36 motor- driven switch assemblies in the s pa ce c raft. S ome 
of the switches are normally not used in flight. Some are used once or, 
at most, several times. The increased resistance of brush to the commu­
tator as a result of deposits is gradual from all indications. A check 
of the switch operation time can be related to the deposit buildup on the 
commutator. Consequently, a check of the swit ch response time can indi­
cate the dependability of the switch to perform one or several additional 
switch tran sfers in flight. This will be done for Apollo 15 on each of 
the switches. ,, Work- aroun d proc edures have been developed if any of the 
motor switches are questionable as a result of the timing test. 

This anomaly is open. 

14. 1. 7  Intermittent Circuit Breaker 

The motor switch failure discussed in section 1 4. 1. 6 should have 
resul ted in main buses A and B being energized after the motor switc h 
was commanded open (fig. 14-10 ) . P ostflight continuity checks, however , 
showed that there was an open circuit between battery C and main bus B 
and that the main bus B circuit break er for battery C was intermittent. 

Disassembly and inspection of the circuit break er showed that the 
contacts are cratered (fig. 14-11 ) .  The crater contains a white sub­
stance whic h held the contacts apart when the circuit breake r was actu­
ated. 

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

This anomaly is open. 
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the age/life of the lubricants from the bearings or with outgassing from

organic materials which might deposit on the commutators. The switch

assemblies are hermetically sealed and under a 15-psi pressure of nitro-

gen and helium gas.

Each motor is operated continuously for M to 8 hours to seat the

brushes. The motors are then disassembled, inspected, and cleaned.

Procedures for cleaning the motor assembly are not explicit as to mate-

rials or techniques to be used. This could be the cause of the problem.
A further study of this aspect is being made. An anomaly report will be

issued upon completion of the investigation.

There are 36 motor-driven switch assemblies in the spacecraft. Some

of the switches are normally not used in flight. Some are used once or,
at most, several times. The increased resistance of brush to the commu-

tator as a result of deposits is gradual from all indications. A check

of the switch operation time can be related to the deposit buildup on the

commutator. Consequently, a check of the switch response time can indi-

cate the dependability of.the switch to perform one or several additional

switch transfers in flight. This will be done for Apollo 15 on each of

the switches., Work-around procedures have been developed if any of the

motor switches are questionable as a result of the timing test.

This anomaly is open.

1h.l.T Intermittent Circuit Breaker

The motor switch failure discussed in section lh.l.6 should have

resulted in main buses A and B being energized after the motor switch

was commanded open (fig. lk-10). Postflight continuity checks, however,
showed that there was an open circuit between battery C and main bus B

and that the main bus B circuit breaker for battery C was intermittent.

Disassembly and inspection of the circuit breaker showed that the

contacts are cratered (fig. lk-ll). The crater contains a white sub-

stance which held the contacts apart when the circuit breaker was actu-

ated.

The white substance will be analyzed to determine its composition
and source. Circuit breakers which have been used in similar applica-
tions in Apollo lh will also be exa ined. An anomaly report will be

issued under separate cover when the analysis has been completed.

This anomaly is open.
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Crater ing 

Figure 14-11. - Circuit breake r contact . 
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14 . 1 . 8  Food Preparat i on Unit Leakage 

The crew reported that a b ubble of water collected on the stem of 
the food preparat i on unit after hot water was dispensed,  indi cating a 
s light leak . This problem als o  occurred on Apollo 12 . 

Tests of b oth the Apollo 12 and Apollo 14 units showed no leakage 
when room temperat ure water was di spens ed through the hot water valve ; 
however , at an elevat e d  water t emperature of  approximately 150° F ,  a 
s light leakage appeared aft er valve actuation . Disass embly of the 
Apollo 12 di spens er showed damage in two valve 0-rings , apparently as 
a result of the considerable part i cle contaminat i on found in the hot 
water valve . Most of the contaminat i on was i dentified as material re­
lated to component fabrication and valve as s embly and prob ably remained 
in the valve because of incomplete cleaning procedures . Since the par­
ticles were found only in the hot water valve , the contamination appar­
ently originat e d  entirely within that ass embly and was not supplied 
from other parts of the water system. 

Pos t flight , when the hot wat e r  valve was cycled s everal times , the 
outflow was considerably les s  than the speci fie d  1 ounce per cycle . Dis­
assenibly of the valve will be performed and an anomaly report will be 
issue d  un der s eparate cover upon completion of the investigation .  The 
Apollo 15 unit has been checked during alt itude chamber tests with hot 
wat er and no le akage was noted.  

This anomaly is  open.  

14 . 1 . 9  Rapi d Repressuri zation System Leakage 

Repressuri zation of the three storage bottles in the rapid repress­
uri zation system ( fig . 14-12 ) was requi red three times in addition to 
the normal repres surizations during the mission . The system requi re d 
repressuri zation once in lunar orbit and twice during the t rans earth 
coas t  phas e .  Just prior to the fi rst of the trans earth coast repres suri­
z ations , the system had been us ed ( face mask checks ) and refilled 
( fi g .  14-13 ) . In this instance , the fill valve was clos ed before the 
system was fully recharge d .  Calculat i ons from the surge tank pressure 
dat a indicate that the repressuri zat i on package was at approximately 
510 ps i at 199 hours 4 8  minutes and was only recharged to about 715 psi 
( fig . 14-13 ) .  The cabin indi cat i on of the repressuri zation package pres­
sure would have indi cat e d  a higher pres sure becaus e of the temperature 
ris e  of the compressed gas . The crew noted a value of ab out 700 psi 
( due to temperature stabili zat i on )  at approximately 2ll hours and re­
charged the system again . 
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1h.1.8 Food Preparation Unit Leakage

The crew reported that a bubble of water collected on the stem of

the food preparation unit after hot water was dispensed, indicating a

slight leak. This problem also occurred on Apollo 12.

Tests of both the Apollo 12 and Apollo 1h units showed no leakage
when room temperature water was dispensed through the hot water valve;
however, at an elevated water temperature of approximately 150° F, a

slight leakage appeared after valve actuation. Disassembly of the

Apollo 12 dispenser showed damage in two valve O-rings, apparently as

a result of the considerable particle contamination found in the hot

water valve. Most of the contamination was identified as material re~

lated to component fabrication and valve assembly and probably remained

in the valve because of incomplete cleaning procedures. Since the par-
ticles were found only in the hot water valve, the contamination appar-

ently originated entirely within that assembly and was not supplied
from other parts of the water system.

Postflight, when the hot water valve was cycled several times, the

outflow was considerably less than the specified 1 ounce per cycle. Dis

assembly of the valve will be performed and an anomaly report will be

issued under separate cover upon completion of the investigation. The

Apollo 15 unit has been checked during altitude chamber tests with hot

water and no leakage was noted.

This anomaly is open.

1h.1.9 Rapid Repressurization System Leakage

Repressurization of the three storage bottles in the rapid repress-

urization system (fig. lk-12) was required three times in addition to

the normal repressurizations during the mission. The system required
repressurization once in lunar orbit and twice during the transearth

coast phase. Just prior to the first of the transearth coast repressuri
zations, the system had been used (face mask checks) and refilled

(fig. lk-13). In this instance, the fill valve was closed before the

system was fully recharged. Calculations from the surge tank pressure

data indicate that the repressurization package was at approximately
510 psi at 199 hours M8 minutes and was only recharged to about T15 psi
(fig. lk-13). The cabin indication of the repressurization package pres
sure would have indicated a higher pressure because of the temperature
rise of the compressed gas. The crew noted a value of about TOO psi
(due to temperature stabilization) at approximately 211 hours and re-

charged the system again.
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NASA-S-7 1-1680 
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To main 
regulators 

Repressurization bott les 
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Cab i n  repress­
ur ization valve 

B nut 
connector 

Figure 14-12 . - Rapid repres suri zation system . 
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Data are not avai lab le from the lunar orbit repressuri zation as the 
spacecraft was on the back s i de of  the moon during the operation . How­
eve r ,  the general procedure used duri ng the transearth coas t  phas e  would 
only part i ally recharge the system. 

Postflight checks of the 900-psi system showed that the leakage rate 
was about 40 s tan dard cc/min as compared with the preflight value of 
14 standard cc/min . Thi s change in leakage rate is  not cons idere d  ab­
normal . A leakage rate o f  this magnitude would lower the system pressure 
about 100 psi every 3 days . Therefore , the lunar orbit re chargi ng of the 
system probably resulte d  from normal leakage . 

Future crews wi ll be briefe d on the recharging techniques for other 
than normal re chargings to i ns ure that the system is fully recharged .  

This anomaly i s  closed.  

14 . 2  LUNAR MODULE 

14 . 2 .1 As cent Battery 5 Low Voltage 

At 62 hours , the ascent battery 5 open- ci rcuit voltage had decrease d  
from a li ft-off value o f  37 . 0  volts to 36 . 7  volts instead o f  remaining at 
a constant level ( fi g .  l4-l4 ( a) ) .  Figure l4-l4 (b ) shows characteristic 
open-circuit voltages for a fully charged battery (peroxide level of all 
cells ) and all cells operat i ng on the monoxide level of the s ilver plate . 
Note that one cell at the monoxide level an d  the remai ning 19 at the per­
oxi de level would have caus ed the obs erved open- ci rcuit voltage of 36 . 7  
volts . Any one o f  the following condi ti ons could have caus ed the volt­
age drop . 

a .  Battery cell short 

b .  Cell short-to-cas e  through an electrolyte path 

c .  External b attery load . 

A single-cell short could be caus ed by inclus ion of conductive 
foreign material in the cell-plate pack at the time of manufacture or 
excessive braze mat eri al at the brazed joint between the plate tab and 
plat e  gri d ,  either of which could pierce the cellophane plate s eparator 
during the launch powere d-flight phas e ,  provi ding a conductive path be­
tween pos itive and negat i ve plates ( fi g .  14-15 ) .  

l k - 2 h

D a t a a r e n o t a v a i l a b l e f r o m t h e l u n a r o r b i t r e p r e s s u r i z a t i o na s t h e

s p a c e c r a f tw a s o n t h e b a c k s i d e o f t h e m o o n d u r i n g t h e o p e r a t i o n . H o w -

e v e r , t h e g e n e r a lp r o c e d u r eu s e d d u r i n g t h e t r a n s e a r t h c o a s t p h a s ew o u l d

o n l y p a r t i a l l y r e c h a r g et h e s y s t e m .

P o s t f l i g h t c h e c k s o f t h e 9 0 0 - p s i s y s t e ms h o w e d t h a t t h e l e a k a g er a t e

w a s a b o u t h o s t a n d a r d c c / m i na s c o m p a r e dw i t h t h e p r e f l i g h t v a l u e o f

l k s t a n d a r d c c / m i n . T h i s c h a n g ei n l e a k a g er a t e i s n o t c o n s i d e r e d a b -

n o r m a l . A l e a k a g er a t e o f t h i s m a g n i t u d ew o u l d l o w e r t h e s y s t e mp r e s s u r e
a b o u t 1 0 0 p s i e v e r y 3 d a y s . T h e r e f o r e ,t h e l u n a r o r b i t r e c h a r g i n go f t h e

s y s t e mp r o b a b l yr e s u l t e d f r o m n o r m a l l e a k a g e .

F u t u r e c r e w s w i l l b e b r i e f e d o n t h e r e c h a r g i n gt e c h n i q u e sf o r o t h e r

t h a n n o r m a l r e c h a r g i n g st o i n s u r e t h a t t h e s y s t e mi s f u l l y r e c h a r g e d .

T h i s a n o m a l yi s c l o s e d .

l h . 2

A t 6 2 h o u r s , t h e

f r o m a l i f t - o f f v a l u e

a c o n s t a n t l e v e l ( f i g .
o p e n - c i r c u i tv o l t a g e s

l U . 2 L U N A RM O D U L E

. l A s c e n t B a t t e r y 5 L o w V o l t a g e

a s c e n t b a t t e r y 5 o p e n - c i r c u i tv o l t a g e h a d d e c r e a s e d

o f 3 7 . 0 v o l t s t o 3 6 . 7 v o l t s i n s t e a d o f r e m a i n i n ga t

l h ~ l h ( a ) ) . F i g u r e l k - l h ( b ) s h o w s c h a r a c t e r i s t i c

f o r a f u l l y c h a r g e db a t t e r y ( p e r o x i d el e v e l o f a l l

c e l l s ) a n d a l l c e l l s o p e r a t i n go n t h e m o n o x i d e l e v e l o f t h e s i l v e r p l a t e .
N o t e t h a t o n e c e l l a t t h e m o n o x i d e l e v e l a n d t h e r e m a i n i n g1 9 a t t h e p e r -
o x i d e l e v e l w o u l d h a v e c a u s e d t h e o b s e r v e d o p e n - c i r c u i tv o l t a g e o f 3 6 . 7
v o l t s . A n y o n e o f t h e f o l l o w i n g c o n d i t i o n s c o u l d h a v e c a u s e d t h e v o l t -

a g e d r o p .

a . B a t t e r y c e l l s h o r t

b . C e l l s h o r t - t o - c a s e t h r o u g h a n e l e c t r o l y t e p a t h

c . E x t e r n a l b a t t e r y l o a d .

A s i n g l e - c e l l s h o r t c o u l d b e c a u s e d b y i n c l u s i o n o f c o n d u c t i v e

f o r e i g n m a t e r i a l i n t h e c e l l - p l a t e p a c k a t t h e t i m e o f m a n u f a c t u r e o r

e x c e s s i v e b r a z e m a t e r i a l a t t h e b r a z e d j o i n t b e t w e e n t h e p l a t e t a b a n d

p l a t e g r i d , e i t h e r o f w h i c h c o u l d p i e r c e t h e c e l l o p h a n ep l a t e s e p a r a t o r
d u r i n g t h e l a u n c h p o w e r e d - f l i g h tp h a s e ,p r o v i d i n g a c o n d u c t i v e p a t h b e -

t w e e n p o s i t i v e a n d n e g a t i v ep l a t e s ( f i g . l k - l 5 ) .
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{a) 2 0-ce l l  ascent battery . 

{b) Plate assembly. {c) Case plugs . 

{d) Cross section of plug . 

Figure 14�15 . �  As cent batte� cell structure . 
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During battery activat i on ,  one of the des cent batteries had a cell 
short to the case through an electrolyte path around a cell plug j oi nt 
( fig . 14-15 ) .  The cell plug was not properly s ealed to the bottom of 
the plastic cell cas e .  If this conditi on existed i n  as cent battery 5 
in flight , it  could have decreased the battery open- circuit volt age . 

An external battery load could have existed from lift-off to 62 hours 
on the circuit shown in figure 14-16 in whi ch typical types of high res ist­
ance shorts are als o shown . For this condi tion , the current drain would 
have occurred on all cells . Figure 14-14 shows the time history of the 

NASA-S-7 1- 1684 

Ascent .: � 
Vo ltage monitor 

battery 5 
50 k 8 � .. II• ohms 

400 k 
ohms 

4- I .... 
Battery 5 I 

I On On normal switch I 
: To bus -o I I• 
f ) Off 
I Off I r+ 

POSSI BLE H I GH RESIS TANCE GROUNDS * 
-l;:i 

� On 

� 
":'" Battery 5 

On backup switch J O  .. To bus 0 I "' 
J ,_; 

_

Off __

_

_ ...... r 
Figure 14-16 . - As cent battery 5 configured for open-circuit loads . 

114-27

During battery activation, one of the descent batteries had a cell

short to the case through an electrolyte path around a cell plug joint
(fig. ll#-l5). The cell plug was not properly sealed to the bottom of

the plastic cell case. If this condition existed in ascent battery 5
in flight, it could have decreased the battery open-circuit voltage.

An external battery load could have existed from lift-off to 62 hours

on the circuit shown in figure 114-16 in which typical types of high resist

ance shorts are also shown. For this condition, the current drain would

have occurred on all cells. Figure ll#-114 shows the time history of the
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Figure l1l-l6.- Ascent battery 5 configured for open-circuit loads.
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open- circuit bus voltage for battery 5 .  For a constant external load , 
the b atte ry  5 open-circuit bus voltage would have been lower than the 
flight data at 141 hours . Therefore , the external load would have had 
to change with time . 

To reduce the pos sibility of recurrence , corrective act i on has been 
t aken for each of the pos sib le causes . Stricter inspection and improved 
procedures have been i ncorporated for installat i on of the plugs . Partic­
cular attention will be given to the assembly of the cell plates on future 
units . In additi on ,  a test has been added at the launch site to measure 
lunar module parasiti c loads prior to bat te ry  installation to ins ure that 
no abnormal loads are pres ent . 

This anomaly is clos ed.  

14 . 2 . 2  Abort Signal Set  In  Computer 

Prior to  descent , the primary gui dance computer received an ab ort 
command four different t imes . The computer would h ave reacted if  the 
des cent program had been initiat e d .  The failure was isolated to one 
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Figure 14-17 . - Abort switch logic .  
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s et of contacts of the ab ort swi tch ( fi g .  14-17 ) bec aus e the abort com­
mand appeared only on the lunar module primary gui dan ce computer down­
link ( telemetry ) and not on the ab ort gui dance compute r  downlink ( telem­
et ry ) or the telemetry bilevel di s cretes as soci at e d  with the des cent 
engine control logi c .  Recy cli ng the switch or tappi ng the panel removed 
the s ignal from the comput e r .  To prevent an unwanted ab ort during powered 
des cent , a comput er progr am was developed and ve ri fi ed within 2 hours , 
and in time to be manually i ns erted i nto the lunar module comput e r  pri or 
to powered des cent i ni t i at i on . The program would have allowed the lunar 
module computer to i gnore the ab ort command , had it appeared dur i ng 
powe re d des cent . 

The most prob ab le caus e of the ab ort comman d was metallic contam­
inat ion within the hermeti cally s e aled ab ort-swi t ch module ( fig .  14-18 ) . 
The fai lure of an i ntern al switch component would not lik ely have caus ed 
the ab ort indi cat ion bec aus e s uch a failure would not have been i nter­
mitt ent . X-rays and dis s ect ion of s i mi lar switch es have shown metalli c 
con t aminat i on i n  seve ral swi tches of the s i ze which could have caus ed 
the flight fai lure . The metallic contami nat i on appears to come from the 
intern al swi t ch part s , part i c ularly one of th e three studs which hold 
the cont act component s . The s tud i s , in e ffect , ri vete d  by heat an d  
press ure ( f i g .  14-18 ) . Thi s type of switch i s  us ed i n  e ight di fferent 
lo cat i ons , whi ch are : 

a .  Ab ort swi tch 
b .  Ab ort s t age switch 
c .  Engine s top switches ( 2 )  
d .  Master alarm swit ches ( 2 ) 
e .  Plus X translat i on switch 
f .  En gi ne start switch . 

Correct ive act ion cons i s ts of replaci ng all swi tches of this type 
with switches s c reened by x-ray and vibrat i on . Since the s creening i s  
not fool-proo f ,  ci rcui t modi ficat ions were made t o  eliminate s ingle­
point fai lures of this type . Thes e modi fi cat ions are : 

a. The ab ort stage switch des cent-engi ne override function was 
remove d from the ab ort -stage ci rcuit breaker an d  placed on the logic 
power swit ch contact . Thi s  involved re lo cat i ng one wire from one 
swit ch terminal to another . 

two 
For-

b .  Each of the two engine stop swi tches were rewired so th at 
s eries contacts are required to clos e i n  order to stop the engine . 
merly , the two s ets of cont act s in each stop swi tch were connected in 
parallel so that clos ure of eith er would shut down the engine . 

set of contacts
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of the abort switch (fig. lh-lT) because the abort com-

mand appeared only on the lunar module primary guidance computer down-

link (telemetry) and not on the abort guidance computer downlink (telem-
etry) or the telemetry bilevel discretes associated with the descent

engine control logic. Recycling the switch or tapping the panel removed

the signal from the computer. To prevent an unwanted abort during powered
descent, a computer program was developed and verified within 2 hours,
and in time to be manually inserted into the lunar module computer prior
to powered descent initiation. The program would have allowed the lunar

module computer
powered descent.

to ignore the abort com and, had it appeared during

The most probable cause of the abort command was metallic contam-

ination within the hermetically sealed abort-switch module (fig. lh-l8).
The failure of an internal switch component would not likely have caused

the abort indication because such a failure would not have been inter-

mittent. X-rays and dissection of similar_switches have shown metallic

contamination in several switches of the size which could have caused

the flight failure. The metallic contamination appears to come from the

internal switch parts, particularly one of the three studs which hold

the contact components. The stud is, in effect, riveted by heat and

pressure (fig. lh-l8). This type of switch is used in eight different

locations, which are:

a. Abort switch

b.

Engine
d. Master

e. Plus X

f.

C.

Engine

Corrective

with

not fool-proof,

Abort stage switch

stop switches (2)
alarm switches (2)
translation switch

start switch.

action consists of replacing all switches of this type
switches screened by x-ray and vibration. Since the screening is

circuit modifications were made to eliminate single-
point failures of this type. These modifications are:

a. The abort stage switch descent-engine override function was

removed from the abort-stage circuit breaker and placed on the logic
power switch contact. This involved relocating one wire from one

switch terminal to another.

b. Each of the two engine stop switches were rewired so that two

series contacts are required to close in order to stop the engine. For~

merly, the two sets of contacts in each stop switch were connected in

parallel so that closure of either would shut down the engine.
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0 = Additional heat and 
pressure f lared joints o 

Metal contamination up to O o 03 0-inch long s l ivers found in several switches 

(a) S impl i fied sketch of internal switch parts o 

(b) X-rays of switch showing metal l ic  contamination o 

Figure 14-18 . - Abort switch contamination .  
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c .  The plus-X t rans lat i on  switch was rewired so that two s eries 
contact closures are required to fire the plus-X reacti on control sys­
tem thrusters . This removed the four-thruster trans lat i on capabi lity , 
leaving only a two-thruster t rans lat i on capabili ty . 

d .  The engine-start switch and ci rcuitry were not changed becaus e 
of this problem since inadvertent closure would only give the manual start 
command ,  and the engine arm colllllland is also required to fire the engine . 
However ,  bec aus e of a switch failure in another spacecraft during ground 
tests , the switch was rewired s o  that a series -parallel combination o f  
four swit ch contacts are used for the funct i on .  That failure was caused 
by nonmetalli c  contaminat i on (rus t )  preventing switch contact closure . 
This contaminat i on is undetectable by x-r�s . 

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

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

This anomaly is clos ed.  

14 . 2 . 3  Intermittent Steerab le Antenna Operation 

Prior to the des cent phas e  of the mission , the S-band steerable 
antenna operation was intermi ttent . There were nine instances of un­
scheduled interruption of antenna tracking .  Three of thes e have been 
explained . One was caus ed by the crew switching to an omnidirecti onal 
antenna because of an erroneous reading of the pitch pos ition indi cator 
at full scale of 255 degrees when the antenna was actually at 122 degrees . 
Another occurred becaus e the antenna was in the manual slew mode and 
not in automati c-track . After undocking , the lunar module attitude was 
changed and , as a result , the antenna was pointed away from the earth 
resulting in a loss  of signal .  The third interruption whi ch has been 
explained was caused by a failure in the ground s tati on power ampli fi er 
resulting in a temporary loss of uplink signal . 

The remaining unexplained t racking interruptions ( fig.  14-19 ) have 
similar characteristics . Five t racking interruptions occurred during 
Goldstone coverage and figure 14-20 is a plot of ground-station-received 
signal strengths at these times . During the Madri d ground stati on cover­
age of revolution 32 , another incident was noted with the same type of 
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c. The plus-X translation switch was rewired so that two series

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

d. The engine-start switch and circuitry were not changed because

of this problem since inadvertent closure would only give the manual start

command, and the engine arm co mand is also required to fire the engine.
However, because of a switch failure in another spacecraft during ground
tests, the switch was rewired so that a series-parallel combination of

four switch contacts are used for the function. That failure was caused

by nonmetallic contamination (rust) preventing switch contact closure.

This contamination is undetectable by x-rays.

e. The two master alarm switches were not rewired since inadvert-

ent contact closure would only reset the master alarm, and this would

not affect the mission or crew safety.

f. The abort and abort stage switch circuitry to the computer was

not modified. Instead, the primary guidance computer software was modi-

fied to allow the crew to lock out the computer abort and abort stage
program. If the crew exercises this option, any required abort would

have to be performed using the abort guidance system.

This anomaly is closed.

lh.2.3 Intermittent Steerable Antenna Operation

Prior to the descent phase of the mission, the S-band steerable

antenna operation was intermittent. There were nine instances of un-

scheduled interruption of antenna tracking. Three of these have been

explained. One was caused by the crew switching to an omnidirectional

antenna because of an erroneous reading of the pitch position indicator

at full scale of 255 degrees when the antenna was actually at l22 degrees.
Another occurred because the antenna was in the manual slew mode and

not in automatic-track. After undocking, the lunar module attitude was

changed and, as a result, the antenna was pointed away from the earth

resulting in a loss of signal. The third interruption which has been

explained was caused by a failure in the ground station power amplifier
resulting in a temporary loss of uplink signal.

The remaining unexplained tracking interruptions (fig. lk-19) have

similar characteristics. Five tracking interruptions occurred during
Goldstone coverage and figure lh-20 is a plot of groundfstation-received
signal strengths at these times. During the Madrid ground station cover-

age of revolution 32, another incident was noted with the same type of
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Figure 14-19 . - S-band steerable antenna operat i on . 

antenna respons e .  It indi cates that the antenna began to experience a 
mechani cal oscillat i on of approximately 2 to 3 hert z , whi ch became in­
creas ingly larger in amplitude until the antenna lost lock . When antenna 
os cillations exceed plus or minus 5 degrees , exces s ive motor drive cur­
rent causes the 28-volt de ci rcuit breaker to open and the antenna ceases 
to track . The crew reset this ci rcuit breaker several times . The an­
tenna was also reported to be noisy , indi cating the continual driving 
that would have occurred during the os cillat i ons . The os cillations oc­
curred randomly at other t imes during the problem peri od , but damped out 
and did not cause tracking interruptions . 

The two most probable causes of these os ci llations are an unwanted 
variat i on in the uplink signal or a condition of instab i lity in the 
antenna/S-b and trans ceiver tracking loop system .  The conditions which 
can cause the fi rst item are vehicle b lock age , reflecti ons from the 
spacecraft structure , multipath s i gnal reflect i ons from the lunar s ur­
face , noise trans ients induced on the uplink signal , or inci dental am­
plitude modulat i on on the carri er at the criti cal antenna lobing fre­
quency ( 50 to 100 hert z  or odd harmoni cs ) .  

Look-angle dat a indi cat e  that the antenna was not pointed at or 
near the vehicle structure during the t ime periods when antenna lock 
was lost . 
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Figure lh-l9.- S-band steerable antenna operation.

antenna response. It indicates that the antenna began to experience a

mechanical oscillation of approximately 2 to 3 hertz, which became in-

creasingly larger in amplitude until the antenna lost lock. When antenna

oscillations exceed plus or minus 5 degrees, excessive motor drive cur-

rent causes the 28-volt dc circuit breaker to open and the antenna ceases

to track. The crew reset this circuit breaker several times. The an-

tenna was also reported to be noisy, indicating the continual driving
that would have occurred during the oscillations. The oscillations oc-

curred randomly at other times during the problem period, but damped out

and did not cause tracking interruptions.

The two most probable causes of these oscillations are an unwanted

variation in the uplink signal or a condition of instability in the

antenna/S-band transceiver tracking loop system. The conditions which

can cause the first item are vehicle blockage, reflections from the

spacecraft structure, multipath signal reflections from the lunar sur-

face, noise transients induced on the uplink signal, or incidental am-

plitude modulation on the carrier at the critical antenna lobing fre-

quency (50 to 100 hertz or odd harmonics).

Look-angle data indicate that the antenna was not pointed at or

near the vehicle structure during the time periods when antenna lock

was lost.
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Figure 14-20 . - Signal st rength os ci llations as sociated 
with five unexplained los ses of lock . 
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Multipath normally occurs when the spacecraft is near the lunar 
hori zon . However , antenna los s -of-lock di d not occur at thes e times . 

Noi s e  t rans ients on the uplink are held to a mi nimum because the 
ground stat i on powe r ampli fier operates in s aturation . Als o ,  the veri­
ficat i on receiver whi ch moni tors the uplink signal at the ground s tation 
di splayed normal output during the problem t ime periods . Although the 
incidental ampli tude modulat ion has not been re cently measured at Gold­
stone an d  Madri d ,  production s ub-carri er os ci llators have been checked.  
These tes ts showed that the inci dental amplitude modulation at the criti­
cal frequencies was not detect able ( le s s  than ·0 . 1  percent ) .  A test was 
als o  performe d whi ch showe d that the s teerable antenna respons e to in­
ci dental amplitude modulat i on be came wors e with the addition of voice 
on the sub-carri er and the presence of pulse repetition ranging . How­
eve r , there i s  no correlat ion between either of thes e an d  los s es of an­
t enna lo ck . The most prob able caus es for tracking loop ins tability are 
high loop gai n ,  low gimbal fri ction , an d  low received s i gn al strength 
result ing in low s ign al-to-nois e  ratio in the tracking loop . Both up­
link and downlink s ign al strengths indicated that the RF levels were 
nominal and were within the antenna' s  capability to t rack . 

The loop gain as me asured during the acceptance test of the 
Apollo 14 equipment indicated a lower-than-nominal value indi cating 
that the stability should have been greater than nominal . 

There are no likely fai lures i n  the antenna that would caus e a gain 
change s ufficient to produce instability without complete loss of the 
antenna. There are many component fai lures in the trans ceiver which 
might produce the right amount of gain change for os cillati ons . However , 
thes e failures would als o  affe ct th e receiver automati c  gain control 
reading whi ch appeared normal throughout the problem time . 

The gimbal fri cti on on the Apollo 14 antenna was meas ured during 
ground tests an d  fo'Und to be higher than nominal . This would incre as e  
the antenna stability . For gimbal friction to caus e the problem , a 
vari ation in friction which characteristi cally changed from normal t o  
low , o r  n o  friction , at short intervals and at random times cons is tent 
with the antenna os cillat ions would have had to occur . 

There was no obvious variat i on in uplink s ignal and no obvious 
change in the antenna/t rans ceiver tracking loop which would cause the 
antenna to oscillate . There must have been s ame intermittent condition 
that exi sted in the spacecraft/ground station system, which has not yet 
been i denti fie d .  The investigat ion is continuing and an anomaly report 
will be issued when the investigation is completed .  

1 1 4 - 3 1 4

M u l t i p a t h n o r m a l l y o c c u r s w h e n t h e

h o r i z o n . H o w e v e r , a n t e n n a l o s s - o f - l o c k

N o i s e t r a n s i e n t s o n t h e u p l i n k a r e

g r o u n d s t a t i o n p o w e r a m p l i f i e r o p e r a t e s

s p a c e c r a f t i s n e a r t h e l u n a r

d i d n o t o c c u r a t t h e s e t i m e s .

h e l d t o a m i n i m u m b e c a u s e t h e

i n s a t u r a t i o n . A l s o , t h e v e r i -

f i c a t i o n r e c e i v e r w h i c h m o n i t o r s t h e u p l i n k s i g n a l a t t h e g r o u n d s t a t i o n

d i s p l a y e d n o r m a l o u t p u t d u r i n g t h e p r o b l e m t i m e p e r i o d s . A l t h o u g h t h e

i n c i d e n t a l a m p l i t u d e m o d u l a t i o n h a s n o t

s t o n e a n d M a d r i d , p r o d u c t i o n s u b - c a r r i e r o s c i l l a t o r s h a v e b e e n

T h e s e t e s t s s h o w e d t h a t t h e i n c i d e n t a l a m p l i t u d e m o d u l a t i o n a t

c a l f r e q u e n c i e s w a s n o t d e t e c t a b l e ( l ess t h a n 0 . 1 percen t ) . A

b e e n r e c e n t l y m e a s u r e d a t G o l d -

c h e c k e d .

t h e c r i t i

t e s t w a s

a l s o p e r f o r m e d w h i c h s h o w e d t h a t t h e s t e e r a b l e a n t e n n a r e s p o n s e t o i n -

c i d e n t a l a m p l i t u d e m o d u l a t i o n b e c a m e w o r s e w i t h t h e a d d i t i o n o f v o i c e

o n t h e s u b - c a r r i e r a n d t h e p r e s e n c e o f p u l s e r e p e t i t i o n r a n g i n g . H o w -

e v e r , t h e r e i s n o c o r r e l a t i o n b e t w e e n e i t h e r o f t h e s e a n d l o s s e s o f a n -

t e n n a l o c k . T h e m o s t p r o b a b l e c a u s e s f o r t r a c k i n g l o o p i n s t a b i l i t y a r e

h i g h l o o p g a i n , l o w g i m b a l f r i c t i o n , a n d l o w r e c e i v e d s i g n a l s t r e n g t h

r e s u l t i n g i n l o w s i g n a l - t o - n o i s e r a t i o i n t h e t r a c k i n g l o o p . B o t h u p -
l i n k a n d d o w n l i n k s i g n a l s t r e n g t h s i n d i c a t e d t h a t t h e R F l e v e l s w e r e

n o m i n a l a n d w e r e w i t h i n t h e þ ÿ � a � n � t � e � n � n � a  � � sc a p a b i l i t y t o t r a c k .

T h e l o o p g a i n a s m e a s u r e d d u r i n g t h e a c c e p t a n c e t e s t o f t h e

A p o l l o l h e q u i p m e n t i n d i c a t e d a l o w e r - t h a n - n o m i n a l v a l u e i n d i c a t i n g
t h a t t h e s t a b i l i t y s h o u l d h a v e b e e n g r e a t e r t h a n n o m i n a l .

T h e r e a r e n o l i k e l y f a i l u r e s i n t h e a n t e n n a t h a t w o u l d c a u s e a g a i n
c h a n g e s u f f i c i e n t t o p r o d u c e i n s t a b i l i t y w i t h o u t c o m p l e t e l o s s o f t h e

a n t e n n a . T h e r e a r e m a n y c o m p o n e n t f a i l u r e s i n t h e t r a n s c e i v e r w h i c h

m i g h t p r o d u c e t h e r i g h t a m o u n t o f g a i n c h a n g e f o r o s c i l l a t i o n s . H o w e v e r

t h e s e f a i l u r e s w o u l d a l s o a f f e c t t h e r e c e i v e r a u t o m a t i c g a i n c o n t r o l

r e a d i n g w h i c h a p p e a r e d n o r m a l t h r o u g h o u t t h e p r o b l e m t i m e .

T h e g i m b a l f r i c t i o n o n t h e A p o l l o l h a n t e n n a w a s m e a s u r e d d u r i n g
g r o u n d t e s t s a n d f o u n d t o b e h i g h e r t h a n n o m i n a l . T h i s w o u l d i n c r e a s e

t h e a n t e n n a s t a b i l i t y . F o r g i m b a l f r i c t i o n t o c a u s e t h e p r o b l e m , a

v a r i a t i o n i n f r i c t i o n w h i c h c h a r a c t e r i s t i c a l l y c h a n g e d f r o m

l o w , o r n o f r i c t i o n , a t s h o r t i n t e r v a l s

n o r m a l t o

a n d a t r a n d o m t i m e s c o n s i s t e n t

w i t h t h e a n t e n n a o s c i l l a t i o n s w o u l d h a v e h a d t o o c c u r .

T h e r e w a s n o o b v i o u s v a r i a t i o n i n u p l i n k s i g n a l a n d n o

c h a n g e i n t h e an tenna / t ransce i ve r t r a c k i n g l o o p w h i c h w o u l d

o b v i o u s

c a u s e t h e

a n t e n n a t o o s c i l l a t e . T h e r e m u s t h a v e b e e n s a m e i n t e r m i t t e n t c o n d i t i o n

t h a t e x i s t e d i n t h e spacec ra f t /g round s t a t i o n s y s t e m , w h i c h h a s n o t y e t
b e e n i d e n t i f i e d . T h e i n v e s t i g a t i o n i s c o n t i n u i n g a n d a n a n o m a l y r e p o r t
w i l l b e i s s u e d w h e n t h e i n v e s t i g a t i o n i s c o m p l e t e d .
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An additi onal problem occurred one t ime during revolution 11 when 
the antenna pitch-position indicator stuck at the full-s cale reading 
of 255 degrees . However ,  it became operative again and continued to 
function properly . This may have been caused by a failure in the 
position-sens ing circuits in the antenna or in the meter itself . This 
meter hung up twice during acceptance testing. A malfunction was found,  
correct e d ,  and a retes t  was succe s s ful . The indi cator is us ed only as 
a gross indi cat ion of antenna movement . Cons equently , no further action 
will be t aken . 

This anomaly i s  open . 

14 . 2 . 4 Landing Radar Acquis ition 

Two conditions occurred during the landing radar operation which 
were not expecte d ;  however , they were not abnormal . The first condition 
oc curred approximately 6 minutes after initial actuat i on of  the landing 
radar . The system switched to the low-range s cale , forcing the trackers 
into the narrow-band mode of ope rat i on .  This was corrected by recycling 
the main power circuit bre ak er whi ch switched the radar to high scale . 
Figure 14-21 shows the radar s cale switching logi c .  The radar then locked 
on and "velocity-data-good" and "range-data-good" indi cat i ons were trans ­
ferred t o  the compute r .  The "velocity-dat a-good" signal i s  generated 
when the Doppler trackers lock on and the " range-data-good" s ignal is 
generat e d  when the range t racker als o  locks on . 

NASA-S-71-1689 
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Figure 14-21. - Landing radar s cale swit ching logic . 
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An additional problem occurred one time during revolution ll when

the antenna pitch-position indicator stuck at the full-scale reading
of 255 degrees. However, it became operative again and continued to

function properly. This may have been caused by a failure in the

position-sensing circuits in the antenna or in the meter itself. This

meter hung up twice during acceptance testing. A malfunction was found,

corrected, and a retest was successful. The indicator is used only as

a gross indication of antenna movement. Consequently, no further action

will be taken.

This anomaly is open.

lM.2.h Landing Radar Acquisition

Two conditions occurred during the landing radar operation which

were not expected; however, they were not abnormal. The first condition

occurred approximately 6 minutes after initial actuation of the landing
radar. The system switched to the low-range scale, forcing the trackers

into the narrow-band mode of operation. This was corrected by recycling
the main power circuit breaker which switched the radar to high scale.

Figure lk-21 shows the radar scale switching logic. The radar then locked

on and "velocity-data-good" and "range-data-good" indications were trans-

ferred to the computer. The "velocity-data-good" signal is generated
when the Doppler trackers lock on and the "range-data-good" signal is

generated when the range tracker also locks on.

NASA-S-71-1689

= Doppler tracker 2

= Range tracker



14-36 

The second conditi on whi ch was not expect ed occurred after the ci r­
cuit breaker was recycled .  At this t ime the ini tial s lant range reading 
was approximately 13 000 feet greater than that calculated from the oper­
ati onal trajectory . Several seconds later , the indicated slant range 
jumped from 32 000 to 2 5  000 feet . Sub sequently , the landing radar read­
ings compared favorably with the operat ional t raj ect ory ( fi g .  14-22 ) .  
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The second cond i t ion which w a s no t expected occur red a f te r the c 1 r

cu l t breaker w a s recycled. At th i s t ime t he i n1 t1a l s lan t range read1ng
w a s a roximately 13 OOO f ee t rea te r than tha t ca lcu la ted f rom the o e rPP S P

at iona l t ra jectory. Severa l seconds la ter , t he i nd ica ted s lan t range

jumped f rom 32 OOO t o 25 OOO f ee t Subsequent ly, t he landing radar read

ings compared favorably wi th t he operat ional t ra jectory (f ig. lk-22).
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The scale switching o ccurred at a slant range of  63 000 feet with 
a beam 4 velocity of 3000 ft/sec at an incidence angle of 35 . 4  degrees . 
Operating the landing radar under these conditions exceeds the maximum 
range measurement design limit ( fig . 14-23 ) .  Under thes e conditions , 
the receiver is sweeping with maximum gain and the system will be s en­
sitive to any receive d  noi s e .  A test was performed with a radar oper­
ating under the Apollo 14 conditions ( two range-rate beams locked up 
and the range beam unlocked ) .  By inserting low-level noise  for a frac­
tion of a s econd into the receiver , range scale switching occurred. 
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The scale switching occurred at a slant range of 63 000 feet with

a beam M velocity of 3000 ft/sec at an incidence angle of 35.h degrees.
Operating the landing radar under these conditions exceeds the maximum

range measurement design limit (fig. lk-23). Under these conditions,
the receiver is sweeping with maximum gain and the system will be sen-

sitive to any received noise. A test was performed with a radar oper-

ating under the Apollo lk conditions (two range-rate beams locked up
and the range beam unlocked). By inserting low-level noise for a frac-

tion of a second into the receiver, range scale switching occurred.
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The high slant range indicated at lock-on by the landing radar was 
most likely caus ed by the radar locking onto energy returned into the 
antenna side lobe . Based on the preflight terrain profile and the pre­
flight operati onal traj e ctory , side lobe lock-on can be expected .  Check­
list procedures exist to correct a s us tained side lobe lock-on . Once 
the radar is locked on the main lobe , s i de lobe lock-on cannot occur . 

On future spacec raft , a wiring modi fi cat i on will be made to enable 
holding the system in  high scale whi le in antenna pos ition 1 .  Low scale 
will only be enabled in  pos ition 2 .  Pos ition 2 of the antenna is auto­
matically select ed by the computer at high gate ( 7500 feet altitude ) .  
The manual selection of  antenna pos itions 1 and 2 will also  control high 
scale and enable low s c ale switching , respectively . 

This anomaly is closed. 

14 . 2 . 5  Loss of the Abort Guidance System 

The abort gui dance system fai led during the braking phase of ren­
dezvous . Telemetry dat a were suddenly los t at 143 : 58 : 16 ;  however , there 
was no indication of an abort guidance system warning light or master 
alarm . The crew was unable t o  acces s the data entry. and displ� assembly 
and depress ing any of the pushbuttons had no effect . The status switch 
was cycled from operate to standby t o  operate with no effect . Cycling 
the 28-volt ci rcuit breakers likewise had no effect . The system re­
mained inoperative for the remainder of the mission .  

The system was determined t o  have been in the standby mode after 
the failure by comparing expected and actual bus current changes that 
were obs erved at the t ime of the fai lure and the subsequent cycling of 
the ci rcuit breakers . Further evi dence of the system having been in 
stan dby was the absence of the warning light and mas ter alarm at the 
time of the fai lure . If standby power in the electronics ass embly were 
not maintained ,  clock pulses to the abort s ensor ass embly would have 
been lost and the warning light would have illuminated and the master 
alarm sounded. A warning light and a master alarm would also have oc­
curred i f  the failure had been in the abort gui dance status switch or 
the as s oc i ated ext ernal wiring . These conditions isolate the failure 
to the power supply sect i on or the s equencer of the abort elect ronics 
ass embly ( fi g .  14-24 ) .  

l h - 3 8

T h e h i g h s l a n t r a n g e i n d i c a t e d a t l o c k - o n b y t h e l a n d i n gr a d a r w a s

m o s t l i k e l y c a u s e d b y t h e r a d a r l o c k i n go n t o e n e r g y r e t u r n e d i n t o t h e

a n t e n n a s i d e l o b e . B a s e d o n t h e p r e f l i g h t t e r r a i n p r o f i l e a n d t h e p r e -

f l i g h t o p e r a t i o n a lt r a j e c t o r y , s i d e l o b e l o c k - o n c a n b e e x p e c t e d . C h e c k -

l i s t p r o c e d u r e se x i s t t o c o r r e c t a s u s t a i n e d s i d e l o b e l o c k - o n . O n c e

t h e r a d a r i s l o c k e d o n t h e m a i n l o b e , s i d e l o b e l o c k - o n c a n n o t o c c u r .

O n f u t u r e s p a c e c r a f t ,a w i r i n g m o d i f i c a t i o n w i l l b e m a d e t o e n a b l e

h o l d i n gt h e s y s t e mi n h i g h s c a l e w h i l e i n a n t e n n a p o s i t i o nl . L o w s c a l e

w i l l o n l y b e e n a b l e d i n p o s i t i o n 2 . P o s i t i o n 2 o f t h e a n t e n n a i s a u t o -

m a t i c a l l ys e l e c t e d b y t h e c o m p u t e ra t h i g h g a t e ( 7 5 0 0f e e t a l t i t u d e ) .
T h e m a n u a l s e l e c t i o n o f a n t e n n a p o s i t i o n sl a n d 2 w i l l a l s o c o n t r o l h i g h
s c a l e a n d e n a b l e l o w s c a l e s w i t c h i n g ,r e s p e c t i v e l y .

T h i s a n o m a l yi s c l o s e d .

l h . 2 . 5 L o s s o f t h e A b o r t G u i d a n c eS y s t e m

T h e a b o r t g u i d a n c es y s t e mf a i l e d d u r i n gt h e b r a k i n gp h a s eo f r e n -

d e z v o u s . T e l e m e t r yd a t a w e r e s u d d e n l yl o s t a t l h 3 : 5 8 : l 6 ;h o w e v e r ,t h e r e

w a s n o i n d i c a t i o n o f a n a b o r t g u i d a n c es y s t e mw a r n i n gl i g h t o r m a s t e r

a l a r m . T h e c r e w w a s u n a b l e t o a c c e s s t h e d a t a e n t r y a n d d i s p l a ya s s e m b l y
a n d d e p r e s s i n ga n y o f t h e p u s h b u t t o n sh a d n o e f f e c t . T h e s t a t u s s w i t c h

w a s c y c l e d f r o m o p e r a t et o s t a n d b yt o o p e r a t ew i t h n o e f f e c t . C y c l i n g
t h e 2 8 - v o l t c i r c u i t b r e a k e r s l i k e w i s e h a d n o e f f e c t . T h e s y s t e mr e -

m a i n e d i n o p e r a t i v ef o r t h e r e m a i n d e ro f t h e m i s s i o n .

T h e s y s t e mw a s d e t e r m i n e d t o h a v e b e e n i n t h e s t a n d b ym o d e a f t e r

t h e f a i l u r e b y c o m p a r i n ge x p e c t e da n d a c t u a l b u s c u r r e n t c h a n g e st h a t

w e r e o b s e r v e d a t t h e t i m e o f t h e f a i l u r e a n d t h e s u b s e q u e n tc y c l i n go f

t h e c i r c u i t b r e a k e r s . F u r t h e r e v i d e n c e o f t h e s y s t e mh a v i n gb e e n i n

s t a n d b yw a s t h e a b s e n c e o f t h e w a r n i n gl i g h t a n d m a s t e r a l a r m a t t h e

t i m e o f t h e f a i l u r e . I f s t a n d b yp o w e r i n t h e e l e c t r o n i c s a s s e m b l yw e r e

n o t m a i n t a i n e d ,c l o c k p u l s e s t o t h e a b o r t s e n s o r a s s e m b l yw o u l d h a v e

b e e n l o s t a n d t h e w a r n i n gl i g h t w o u l d h a v e i l l u  i n a t e d a n d t h e m a s t e r

a l a r m s o u n d e d . A w a r n i n gl i g h t a n d a m a s t e r a l a r m w o u l d a l s o h a v e o c -

c u r r e d i f t h e f a i l u r e h a d b e e n i n t h e a b o r t g u i d a n c es t a t u s s w i t c h o r

t h e a s s o c i a t e d e x t e r n a l w i r i n g . T h e s e c o n d i t i o n s i s o l a t e t h e f a i l u r e

t o t h e p o w e r s u p p l ys e c t i o n o r t h e s e q u e n c e r o f t h e a b o r t e l e c t r o n i c s

a s s e m b l y( f i g . l k - 2 h ) .
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Figure 14-24 . - Partial abort guidance syst em funct ional diagram .  

The failure h as  been isolated t o  one of s even modules i n  the plus 
4-volt logi c power supply , one module in the s equencer , or one of 
27 interconnections between the modules .  There are a total of  27 com­
ponent part types ; twelve res istor , two capaci tor , four trans istor , 
four diode , four trans former , and one s aturable reactor that could have 
caus ed the failure . 

A complete failure history revi ew of the component part types re­
veale d no evidence · of a generi c part problem. A power di ssipat i on analy­
sis and a thermal analys is of maximum cas e temperature for each o f  the 
suspect parts showed adequate des ign margins . 

Manufacturing procedures were reviewed and found to be s at i s factory . 
Finally , a review was conducted of the testi ng th at is performed at the 
component level , module level , and power s upply level . Test procedures 
were found to be adequate for detecti on of fai led units and not so severe 
that they would expose the units to unacceptable or hazardous test con­
ditions . 

A component or s older joint failure could have been due to either 
an abnormal thermal stress or a non-generi c de fi ci ency or quality defe ct 
that was un able to withstand a normal environment . An abnormal thermal 
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Figure lh-2h.- Partial abort guidance system functional diagram.

The failure has been isolated to one of seven modules in the plus
M-volt logic power supply, one module in the sequencer, or one of

27 interconnections between the modules. There are a total of 27 com-

ponent part types; twelve resistor, two capacitor, four transistor,
four diode, four transformer, and one saturable reactor that could have

caused the failure.

A complete failure history review of the component part types re-

vealed no evidence of a generic part problem. A power dissipation analy-
sis and a thermal analysis of maximum case temperature for each of the

suspect parts showed adequate design margins.

Manufacturing procedures were reviewed and found to be satisfactory
Finally, a review was conducted of the testing that is performed at the

component level, module level, and power supply level. Test procedures
were found to be adequate for detection of failed units and not so severe

that they would expose the units to unacceptable or hazardous test con-

ditions.

A c ponent or solder joint failure could have been due to either

an abnormal thermal stress or a non-generic deficiency or quality defect

that was unable to withstand a normal environment. An abnormal thermal
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stres s could have been caused by improper ins tallation of the equipment 
on the cold rails . I f  this occurred , the fi :rs t component which should 
fail is in the parti cular power supply to which the failure was isolated. 

In any event , the methods and t echniques us ed to veri fY system 
performance show no apparent are as whi ch require improvement . Further 
stress analysis of components and solder j oints shows that the design is 
adequate . The methods , te chniques and procedures us ed in installation 
of the equipment on the cold rails are als o adequate , provi ding these 
procedures are followe d.  Cons equently , no corrective acti on is in order.  

This anomaly is closed. 

14 . 2 .6  Cracked Glass on Dat a Entry and Display Ass embly 

The crew reported a crack in the glas s across the address register 
of the data entry and display as sembly . Figure 14-25 shows the assembly 
and the location of  the crack . Figure 14-26 is an enlarged drawing of 
the glass and associated elect rolumines cent s egments . 
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Figure 14-2 5 . - Locations of crack and t ape on dat a  
entry and display assembly . 
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stress could have been caused by improper installation of the equipment
on the cold rails. If this occurréd, the first component which should
fail is in the particular power supply to which the failure was isolated

In any event, the methods and'techniques used to verify system
performance show no apparent areas which require improvement. Further

stress analysis of components and solder joints shows that the design is

adequate. The methods, techniques and procedures used in installation

of the equipment on the cold rails are also adequate, providing these

procedures are followed. Consequently, no corrective action is in order

This anomaly is closed.

lh.2.6 Cracked Glass on Data Entry and Display Assembly

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

the glass and associated electroluminescent segments.
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Figure l1&-25.- Locations of crack and tape on data

entry and display assembly.
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Figure 1 4-26 . - Cross s e ction of dat a  ent ry and display assembly glas s . 

The cause o f  the crack is unknown . Glas s cracks have not occurred 
since a revis i on was made to the procedure used to mount the glas s to the 
faceplate of the data entry and display as sembly . The as sembly is qual­
i fied for an environment in excess of the flight conditi ons . Therefore , 
either excessive i ntern al s tres ses (under normal conditi ons ) were bui lt 
into the glas s ,  or the mounti ng was improper ( not as des igned ) , or the 
glass was inadvertently hit . 

Correct ive act i on consists of applying a clear plas ti c  tape pri or 
to flight on the glas s o f  the elect rolumines cent windows above the key­
board ( fi g .  14-25 ) , like that previ ous ly use d  on the mi ss ion t imer win­
dows . The t ape is to prevent dis lodging of any glas s parti cles i f  cracks 
occur in the fUture , as well as help prevent moi sture from penetrating 
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Figure lN-26.- Cross section of data entry and display assembly glass.

The cause of the crack is unknown. Glass cracks have not occurred

since a revision was made to the procedure used to mount the glass to the

faceplate of the data entry and display assembly. The assembly is qual-
ified for an environment in excess of the flight conditions. Therefore

either excessive internal stresses (under normal conditions) were built

into the glass, or the mounting was improper (not as designed), or the

glass was inadvertently hit.

Corrective action consists of applying a clear plastic tape prior
to flight on the glass of the electroluminescent windows above the key-
board (fig. lh-25), like that previously used on the mission timer win-

dows. The tape is to prevent dislodging of any glass particles if cracks

occur in the future, as well as help prevent moisture from penetrating
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the electrolumines cent s egments should a crack oc cur . The pres ence of 
moisture would cause the digit s egments to turn dark in ab out 2 hours if 
voltage were applie d  to a cracked unit ,  making the ass embly unreadable . 

This anomaly is close d .  

14 . 3 GOVERNMENT FURNISHED EQUIPMENT 

14 . 3 . 1  Noi sy Lun ar Topographi c Camera Operation 

The lunar topographic camera exhibited noi sy operat i on from the time 
of the Des c artes s ite photography pass at about 90  hours . In both the 
operate and standby modes with power on the camera, the shutt er operat i on 
was continuous . 

The developed film indi cat es that the camera was functioning properly 
at the t ime of camera checkout at about 34 hours . On the fourth lunar 
revolution , good imagery of the lunar surface was obtained on 192 frames , 
starting at Theophilus Crater and ending about 40 seconds b e fore pas s ing 
the Des cartes site . The rest  of the fi lm consists of multiple-expose d  
and fully over-expos ed film .  

Postflight tests with the flight camera showed s at i s factory opera­
t i on in all simulat e d  environments (pressure , thermal , and vibrat i on )  at 
one-g.  An intermittent fai lure was found in a t ransistor in the shutter 
control circuit ( fig . 14-27 ) .  The transistor was contami nated with a 
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Figure 14-27 . - Lunar topographic camera shutter control .  
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t h e e l e c t r o l u m i n e s c e n t s e g m e n t s s h o u l d a c r a c k o c c u r . T h e p r e s e n c e o f

m o i s t u r e w o u l d c a u s e t h e d i g i t s e g m e n t s t o t u r n d a r k i n a b o u t 2 h o u r s i f

v o l t a g e w e r e a p p l i e d t o a c r a c k e d u n i t , m a k i n g t h e a s s e m b l y u n r e a d a b l e .

T h i s a n o m a l y i s c l o s e d .

l h . 3 G O V E R N M E N TF U R N I S H E D E Q U I P M E N T

l h . 3 . l N o i s y L u n a r T o p o g r a p h i c C a m e r a O p e r a t i o n

T h e l u n a r t o p o g r a p h i c c a m e r a e x h i b i t e d n o i s y o p e r a t i o n f r o m t h e t i m e

o f t h e D e s c a r t e s s i t e p h o t o g r a p h y p a s s a t a b o u t 9 0 h o u r s . I n b o t h t h e

o p e r a t e a n d s t a n d b y m o d e s w i t h p o w e r o n t h e c a m e r a , t h e s h u t t e r o p e r a t i o n
w a s c o n t i n u o u s .

T h e d e v e l o p e d f i l m i n d i c a t e s t h a t t h e c a m e r a w a s f u n c t i o n i n g p r o p e r l y
a t t h e t i m e o f c a m e r a c h e c k o u t a t a b o u t 3 h h o u r s . O n t h e f o u r t h l u n a r

r e v o l u t i o n , g o o d i m a g e r y o f t h e l u n a r s u r f a c e w a s o b t a i n e d o n 1 9 2 f r a m e s ,
s t a r t i n g a t T h e o p h i l u s C r a t e r a n d e n d i n g a b o u t h o s e c o n d s b e f o r e p a s s i n g
t h e D e s c a r t e s s i t e . T h e r e s t o f t h e f i l m c o n s i s t s o f m u l t i p l e - e x p o s e d
a n d f u l l y o v e r - e x p o s e d f i l m .

P o s t f l i g h t t e s t s w i t h t h e f l i g h t c a m e r a s h o w e d s a t i s f a c t o r y o p e r a -
t i o n i n a l l s i m u l a t e d e n v i r o n m e n t s ( p r e s s u r e , t h e r m a l , a n d v i b r a t i o n ) a t

o n e - g . A n i n t e r m i t t e n t f a i l u r e w a s f o u n d i n a t r a n s i s t o r i n t h e s h u t t e r

c o n t r o l c i r c u i t ( f i g . l k - 2 7 ) . T h e t r a n s i s t o r w a s c o n t a m i n a t e d w i t h a
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loos e  piece of aluminum 0 .130 inch �y 0 . 008 inch , whi ch was foreign to 
the t ransistor materi al . With a shorted t ransisto r ,  28 volts is applied 
continuous ly to the shutter drive circuit , caus ing continuo"us shutter 
operation , independent of the intervalometer and independent of the 
single , auto , or standby mode s elect i ons . The sprocket holes in the 
1/200 slot in the shutter curtain were torn as a result of the prolonged ,  
continuous , high-speed shutter operation ( fi g .  14-28 ) .  

NASA-S-7 1- 1696 
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Figure 14-2 8 . - Lunar t opographi c camera film track . 
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loose piece of aluminum 0.130 inch by 0.008 inch, which was foreign to

the transistor material. With a shorted transistor, 28 volts is applied
continuously to the shutter drive circuit, causing continuous shutter

operation, independent of the intervalometer and independent of the

single, auto, or standby mode selections. The sprocket holes in the

l/200 slot in the shutter curtain were torn as a result of the prolonged,
continuous, high-speed shutter operation (fig. ll#-28).
l
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The transistor had been pas s ed by normal high reliab i li ty screening 
and by premis sion and postmis s i on system acceptance tests operating under 
vibrat i on ,  thermal , press ure , and humidity conditi ons ; none of which de­
tected the piece of aluminum . Addition al s creening being cons idered for 
future appli cations i ncludes the use of N-ray and acousti c inspecti on . 
An oc currence of this nature is  rare , but it i s  even rarer for such a 
condition to pas s  the high reli ability screening . 

The anomaly occurred only after a period of operat i on at zero-g in  
fli ght , and when the case of  the t ransi stor itself was t apped pos tflight . 

This  anomaly is  clos ed.  

14 . 3 . 2  Ext raveh icular Glove Control 

After suit pres suri zation for the s econd e xtravehi cular activity , 
the Lunar Module Pilot reported that his right glove had pulled his hand 
to the le ft and down and that he had not had this trouble during the 
firs t extravehi cular activity peri od . The conditi on was a nuis ance 
throughout the s econd ext ravehicular act ivity period. Initi al indica­
tions from the Lunar Module Pilot were that a cable had broken in  the 
glove ( fig . 14-29 ) .  
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Static cable 

Figure 14-29 . - Ext ravehicular glove wrist cont rol . 
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capstan (2) 

l l ; -h is

The t rans is to r had been passed by norma l high rel iabi l i ty screening
and by premission and postmission system acceptance t es ts operat ing under

vibrat ion, thermal , pressure , and humidi ty condi t ions; n o n e o f which de-

tec ted the piece o f a lu  inum. Add i t iona l screening being cons idered f o r

f u tu re appl icat ions i nc ludes t he u s e o f N-ray and acous t i c inspect ion.
An o c c u r r e n c e o f th i s na tu re i s ra re , bu t i t i s e v e n r a r e r f o r such a

cond i t ion t o pass the high rel iabi l i ty screening.

The anomaly occur red only a f te r a period o f operat ion a t ze ro -g i n

f l ight, and when the c a s e o f the t rans is to r i t se l f w a s tapped postf l ight.

Th is anomaly i s c losed .

lh.3.2 Ext raveh icu la r Glove Con t ro l

A f te r su i t pressur izat ion f o r the second ex t raveh icu la r act iv i ty,
t he Lunar Modu le Pi lo t reported t ha t h is r ight glove had pul led h is hand

to the le f t and down and tha t he had no t had th i s t roub le during t he

f i r s t ex t raveh icu la r act iv i ty per iod. The cond i t ion w a s a nu isance

throughout t he second ex t raveh icu la r act iv i ty per iod. In i t i a l i nd ica -

t ions f rom the Lunar Modu le Pi lo t w e r e t ha t a cab le had broken i n t he

glove (f ig. lb-29).
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A det ai led examinat ion of the returned glove , together with chamber 
tests , have shown that there are no broken cab les and that there is free 
operat i on of the glove wri st-control cable sys tem . However , with the 
Lunar Module Pi lot in the pres suri ze d flight suit , the glove took the 
pos ition whi ch was reported during the mi ssion . 

The wri s t  control assembly provides a free-moving structural inter­
face between the glove and the wrist  dis connect so as to as sure convolute 
act i on for wri st movement in  the pressuri zed state . �he design inherently 
allows the glove to take vari ous neut ral pos itions . 

This anomaly is clos e d .  

14 . 3 . 3  Intervalometer Cycling 

During intervalometer operat i on ,  the Command Module Pilot heard one 
double cycle from the intervalometer.  Photography indi cated that double 
cy cling occurre d 13 t imes out of 283 exposures . 

Postflight testing with the flight intervalometer and camera has 
indi cated that the double cycling was caus ed by a random respons e of the 
intervalometer to the camera motor current . The camera motor used on the 
Apollo 14 cameras was a new motor having sli ghtly higher current charac­
teristics . Preflight tes ting of the e�uipment indi cated compatibility 
of the units an d no double cycling . 

Double cycling does not res ult in detrimental effe cts to the camera 
or the intervalomete r .  No loss  of photographic data oc curs as a result 
of double cycling . Modifi cat i ons t o  the intervalometer to make it les s 
s ens itive to the random puls es of the camera motor will be  made , i f  prac­
t i c al .  On Apollo 15 , the intervalometer will only provi de Has s elblad 
backup to the scient ifi c instrument module cameras . 

This anomaly is closed .  

14 . 3 . 4  Intermittent Voi ce Communicat i ons 

At approximat ely 29 hours , Mis s i on Control had di ffi culty in com­
muni cat ing with the Commande r .  The Commander replaced his constant wear 
garment electri cal adapter ( fig .  14-30 ) with a spare unit , and s atis fac­
tory communi cat i ons we re re established. 

Following releas e of the hardware from �uarantine , all four con­
stant wear garme nt electrical adapters were tested for continui ty and 
res istance , and all units were s atis factory . The adapters were then 

lh-M5

A detailed examination of the returned glove, together with chamber

tests, have shown that there are no broken cables and that there is free

operation of the glove wrist-control cable system. However, with the

Lunar Module Pilot in the pressurized flight suit, the glove took the

position which was reported during the mission.

The wrist control assembly provides a free-moving structural inter-

face between the glove and the wrist disconnect so as to assure convolute

action for wrist movement in the pressurized state. The design inherently
allows the glove to take various neutral positions.

This anomaly is closed.

lh.3.3 Intervalometer Cycling

During intervalometer operation, the Command Module Pilot heard one

double cycle from the intervalometer. Photography indicated that double

cycling occurred 13 t imes out of 283 exposures.

Postflight testing with the flight intervalometer and camera has

indicated that the double cycling was caused by a random response of the

intervalometer to the camera motor current. The camera motor used on the

Apollo lk cameras was a new motor having slightly higher current charac-

teristics. Preflight testing of the equipment indicated compatibility
of the units and no double cycling.

Double cycling does not result in detrimental effects to the camera

or the intervalometer. No loss of photographic data occurs as a result

of double cycling. Modifications to the intervalometer to make it less

sensitive to the random pulses of the camera motor will be made, i f prac-

t ical. On Apollo l5, the intervalometer will only provide Hasselblad

backup to the scientific instrument module cameras.

This anomaly is closed.

lh.3.h Intermittent Voice Communications

At approximately 29 hours, Mission Control had difficulty in com-

municating with the Commander. The Commander replaced his constant wear

garment electrical adapter (fig. lk-30) with a spare unit, and satisfac-

tory communications were reestablished.

Following release of the hardware from quarantine, all four con-

stant wear garment electrical adapters were tested for continuity and

resistance, and all units were satisfactory. The adapters were then
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Figure 14-30 . - Const ant wear garment communicat ions harness . 
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connected to a portable communi cations set which provided conditions 
similar to flight conditi ons . While connected , the adapters were sub­
jected to twisting , bending , and pulling . None of the adapters showed 
any electri cal intermitt ents . 

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

This anomaly is closed. 

14 . 4  APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE 

14 . 4 . 1 Act ive Seismi c Experiment Thumper Mis fires 

During the first ext ravehi cular activity , the crew deployed the 
thumper and geophones and attempted to fi re the initiators with the 
following results : 13 fired , 5 mis fi re d ,  and 3 initi ators were delib­
erately skipped to s ave time . In s ome instances , two attempts were made 
to fire each initiator. In addition , for the first four or five firings , 
it was necess ary to squeeze the fi ring switch knob with b oth hands . Sub­
s equently , the excessive stiffness seemed to be relieved and one-hand 
actuati on was possible . 

The most likely c auses of the problem are as sociated with the detent 
port i on of the s elector switch ( fi g .  14-31 ) and dirt on the firing switch 
actuator bearing surface . The s elector switch di al can reposition out of 
detent in the cours e of normal handling because of the lack of pos itive 
s eating in the detent for each initiator position . For an initiator to 
be fire d ,  the s elector switch must provide contact to the proper unfired 
initiator position . Examinat i on of the quali fi cation unit has shown that 
the detent is positioned at the leading edge of the contact surface so  
that any movement toward the previous pos ition will break the contact . 
Als o ,  the lightening holes in the fi ring switch knob make it pos s ib le for 
dirt to get onto the Teflon bearing surfaces , temporari ly increasing the 
force required to close the switch ( fi g .  14-31) . 

Corrective action for Apollo 16 cons ists o f  adding a 
tent mech anism , prope rly aligned with the s elector switch 
dust protection for the firing switch actuator as semb ly . 
is not carried on Apollo 15 . 

This anomaly is clos ed.  

pos itive de­
contacts , and 
The thumper 
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connected to a portable com unications set which provided conditions

similar to flight conditions. While connected, the adapters were sub-

jected to twisting, bending, and pulling. None of the adapters showed

any electrical interudttents.

The most likely cause of the problem was poor contact between con-

nectors because of small contaminants or improper mating of a connector,
which was corrected when the spare adapter was installed.

This anomaly is closed.

1M.h APOLLO LUWAR SURFACE EXPERIMENTS PACKAGE

1h.h.1 Active Seismic Experiment Thumper Misfires

During the first extravehicular activity, the crew deployed the

thumper and geophones and attempted to fire the initiators with the

following results: 13 fired, 5 misfired, and 3 initiators were delib-

erately skipped to save time. In some instances, two attempts were made

to fire each initiator. In addition, for the first four or five firings,
it was necessary to squeeze the firing switch knob with both hands. Sub-

sequently, the excessive stiffness seemed to be relieved and one-hand

actuation was possible.

The most likely causes of the problem are associated with the detent

portion of the selector switch (fig. 1h-31) and dirt on the firing switch

actuator bearing surface. The selector switch dial can reposition out of

detent in the course of normal handling because of the lack of positive
seating in the detent for each initiator position. For an initiator to

be fired, the selector switch must provide contact to the proper unfired

initiator position. Examination of the qualification unit has shown that

the detent is positioned at the leading edge of the contact surface so

that any movement toward the previous position will break the contact.

Also, the lightening holes in the firing switch knob make it possible for

dirt to get onto the Teflon bearing surfaces, temporarily increasing the

force required to c1ose the switch (fig. 1h-31).

Corrective action for Apollo 16 consists of adding a positive de-

tent mechanism, properly aligned with the selector switch contacts, and

dust protection for the firing switch actuator assembly. The thumper
is not carried on Apollo 15.

This anomaly is closed.



14-48 

NASA-S-7 1-1&99 

Shorting bar 

Detent position at extreme 
leading edge of contact 

Shorting bar 

Arm and fire switch 

Rotate to arm 
Push to fire 

Se lector switch 

Figure 14-31 . - Active seismi c experiment . 
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14 . 4 .  2 Suprathermal Ion Detector Experiment Noisy Data 

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

Several switching iterations of the central station and the experi­
ment commands failed to clear the problem until the suprathermal i on 
detector experiment was commanded to the xlO accumulat ion mode . Upon 
executi on of this command, normal experiment data were received and the 
data have remained normal since that time . The suprathermal ion detector 
experiment dust cover and the cold cathode gage experiment dust seal had 
been removed at the time the dat a b·ecame normal . 

The most prob able caus e was arcing or corona within the suprathermal 
ion detector equipment prior to dust cover removal . During ground tests 
under similar conditions , arcing or corona has res ulted in the s ame type 
of data problems . Systems tests have indicated that the noise generated 
can als o  affect the passive seismi c experiment and charged parti cle lunar 
environment experiment dat a ;  and that arcing or corona within the supra­
thermal ion detector experiment can result in spurious commands within 
the suprathermal ion detector experiment , caus ing removal of the dust 
protectors . However , no detrimental effects to the equipment have been 
experienced by this event . 

Performance acceptance dat a from the Apollo 15 suprathermal ion 
detector/cold cathode gage experiments with the remai ning lunar surface 
experiments have not indic at ed any abnormalities . The Apollo 1 5  unit 
will most likely exhibit the same characteristic arcing ,  wi th the dust 
covers intact and the high voltage on , as that of the Apollo 14 unit . 
However , operations prior to dust cover removal will be limited to the 
time requi red for operat ion ve rifi cat i on prior to the last extravehicu­
lar activity . 

This anomaly is closed. 

14 . 4 . 3  Lunar Portable Magnetometer Cable Difficulties 

The crew reported that it was di fficult to rewind the lunar port­
able magnetometer cable . The cab le is deployed and rewound at each lo­
cation where the lunar portab le magnetometer is us ed ( fig .  14- 32 ) . 

lh-M9

lh.h.2 Suprathermal Ion Detector Experiment Noisy Data

During initial turn-on of the Apollo lunar surface experiments,
transmission of the suprathermal ion detector/cold cathode gage experi-
ment operate-select command resulted in erratic data from the supraf
thermal ion detector experiment, the passive seismic experiment, and the

charged particle lunar environment experiment. (Central station engineer
ing parameters remained normal.) Subsequent commanding of the supra-
thermal ion detector/cold cathode gage experiments to the standby mode

returned the other lunar surface experiment data to normal.

Several switching iterations of the central station and the experi-
ment commands failed to clear the problem until the suprathermal ion

detector experiment was commanded to the X10 accumulation mode. Upon
execution of this command, normal experiment data were received and the

data have remained normal since that time. The suprathermal ion detector

experiment dust cover and the cold cathode gage experiment dust seal had

been removed at the time the data became normal.

The most probable cause was arcing or corona within the suprathermal
ion detector equipment prior to dust cover removal. During ground tests

under similar conditions, arcing or corona has resulted in the same type
of data problems. Systems tests have indicated that the noise generated
can also affect the passive seismic experiment and charged particle lunar

environment experiment data; and that arcing or corona within the supra-
thermal ion detector experiment can result in spurious co mands within

the suprathermal ion detector experiment, causing removal of the dust

protectors. However, no detrimental effects to the equipment have been

experienced by this event.

Performance acceptance data from the Apollo 15 suprathermal ion

detector/cold cathode gage experiments with the remaining lunar surface

experiments have not indicated any abnormalities. The Apollo 15 unit

will most likely exhibit the same characteristic arcing, with the dust

covers intact and the high voltage on, as that of the Apollo lk unit.

However, operations prior to dust cover removal will be limited to the

time required for operation verification prior to the last extravehicu-

lar activity.

This anomaly is closed.

1h.h.3 Lunar Portable Magnetometer Cable Difficulties

The crew reported that it was difficult to rewind the lunar port-
able magnetometer cable. The cable is deployed and rewound at each lo-

cation where the lunar portable magnetometer is used (fig. lh-32).
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All cable out 

Figure 14-32 . - Lunar port able magnet ometer c able reel.  
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The lunar portable magnetometer ribbon cable snarls eas i ly  at l/6g 
and is diffi cult and tedious to unsnarl . If it is necess ary to remove 
the hand from the crank to unsnarl the cable during the fi rst part of 
rewinding the cable , the cable will unwind within the reel and spin the 
reel handle ( fig.  14-32 ) . Free unwinding of the reel is required dur­
ing deployment ; however ,  it is desirable to be ab le to lock the reel 
against rotation at times during rewind of the cable . Rewinding was 
di ffi cult becaus e there was no provision to lock the reel during rewind , 
and gripping the reel and crank was difficult with the gloved hand.  

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

This anomaly is clos ed. 

14 . 4 . 4  Central Stat i on Twelve-Hour Timer Fai lure 

The central station timer pulses did not occur after initial activa­
tion . Uplink command tests ve rifi ed that the timer logic and the pulse 
switches were functi oning s atis factorily , but that the mechanical sect ion 
of the timer was not dri ving the switches . Timer functions started to 
occur and the 12-hour puls es were provided 13 times in succes sion , indi­
cating that the timer battery and os cillator are satis factory , but that 
the mechanical s ection is operating intermittently . The failure of the 
timer is ass ociated with the mechani cal des ign . 

This anomaly is  similar to the timer problem experi enced on Apollo 12 . 
The loss or errat i c  operat ion of the 12-hour timer output pulse has no 
advers e e ffect on experiments operations . The Apollo 15 central s tation 
has a new solid-state time r .  The Apollo 1 4  central station will b e  t urned 
off by ground command , as is planned for the Apollo 12 station . 

This anomaly is closed. 

14 . 4 . 5  Passive Seismi c Experiment Y-Axis Leveling Intermittent 

The hori zontal Y-axis leveling motor of the gimbal leveling system 
operates intermittently ( fig . 14-33 ) . Although a command veri fi cation is 
received when commands are s ent , power i s  not neces s arily received by the 
motor . When there is an indi c ation of power to the motor , the motor does 
operate . As a result , during the fi rst lunar day , respons e to ground 
commands was normal except for 6 of the 22 commands when there was no 
response .  

1 h - 5 1

T h e l u n a r p o r t a b l e m a g n e t o m e t e rr i b b o n c a b l e s n a r l s e a s i l y a t l / 6 g
a n d i s d i f f i c u l t a n d t e d i o u s t o u n s n a r l . I f i t i s n e c e s s a r y t o r e m o v e

t h e h a n d f r o m t h e c r a n k t o u n s n a r l t h e c a b l e d u r i n g t h e f i r s t p a r t o f

r e w i n d i n g t h e c a b l e , t h e c a b l e w i l l u n w i n d w i t h i n t h e r e e l a n d s p i n t h e

r e e l h a n d l e ( f i g . 1 h - 3 2 ) . F r e e u n w i n d i n g o f t h e r e e l i s r e q u i r e d d u r -

i n g d e p l o y m e n t ; h o w e v e r , i t i s d e s i r a b l e t o b e a b l e t o l o c k t h e r e e l

a g a i n s t r o t a t i o n a t t i m e s d u r i n g r e w i n d o f t h e c a b l e . R e w i n d i n gw a s

d i f f i c u l t b e c a u s e t h e r e w a s n o p r o v i s i o n t o l o c k t h e r e e l d u r i n g r e w i n d ,
a n d g r i p p i n g t h e r e e l a n d c r a n k w a s d i f f i c u l t w i t h t h e g l o v e d h a n d .

C o r r e c t i v e a c t i o n f o r A p o l l o 1 6 c o n s i s t s o f a d d i n g a r a t c h e t a n d

p a w l l o c k i n g d e v i c e f o r a c t u a t i o n w i t h t h e g l o v e d h a n d , a n d p r o v i d i n g
a b e t t e r g r i p f o r t h e r e e l a n d c r a n k . T h e l u n a r p o r t a b l e m a g n e t o m e t e r
i s n o t c a r r i e d o n A p o l l o 1 5 .

T h i s a n o m a l y i s c l o s e d .

1 h . h . h C e n t r a l S t a t i o n T w e l v e - H o u r

T h e c e n t r a l s t a t i o n t i m e r p u l s e s d i d

t i o n . U p l i n k c o m m a n d t e s t s v e r i f i e d t h a t

s w i t c h e s w e r e f u n c t i o n i n g s a t i s f a c t o r i l y ,
o f t h e t i m e r w a s n o t d r i v i n g t h e s w i t c h e s

T i m e r F a i l u r e

o c c u r a f t e r i n i t i a l a c t i v a -

t i m e r l o g i c a n d t h e p u l s e
t h a t t h e m e c h a n i c a l s e c t i o n

T i m e r f u n c t i o n s s t a r t e d t o

n o t

t h e

b u t

o c c u r a n d t h e 1 2 - h o u r p u l s e s w e r e p r o v i d e d 1 3 t i m e s i n s u c c e s s i o n , i n d i -

c a t i n g t h a t t h e t i m e r b a t t e r y a n d o s c i l l a t o r a r e s a t i s f a c t o r y , b u t t h a t

t h e m e c h a n i c a l s e c t i o n i s o p e r a t i n g i n t e r m i t t e n t l y . T h e f a i l u r e o f t h e

t i m e r i s a s s o c i a t e d w i t h t h e m e c h a n i c a l d e s i g n .

T h i s a n o m a l y i s s i m i l a r t o t h e t i m e r p r o b l e m e x p e r i e n c e do n A p o l l o 1 2

T h e l o s s o r e r r a t i c o p e r a t i o n o f t h e 1 2 - h o u r t i m e r o u t p u t p u l s e h a s n o

a d v e r s e e f f e c t o n e x p e r i m e n t so p e r a t i o n s. T h e A p o l l o 1 5 c e n t r a l s t a t i o n

h a s a n e w s o l i d - s t a t e t i m e r . T h e A p o l l o 1 h c e n t r a l s t a t i o n w i l l b e t u r n e d

o f f b y g r o u n d c o m m a n d ,a s i s p l a n n e d f o r t h e A p o l l o 1 2 s t a t i o n .

T h i s a n o m a l y i s c l o s e d .

1 h . h .

T h e

o p e r a t e s
r e c e i v e d w h e n c o m m a n d s a r e s e n t , p o w e r i s

5 P a s s i v e S e i s m i c E x p e r i m e n tY - A x i s L e v e l i n g I n t e r m i t t e n t

h o r i z o n t a l Y - a x i s l e v e l i n g m o t o r o f t h e g i m b a l l e v e l i n g s y s t e m
i n t e r m i t t e n t l y ( f i g . 1 h - 3 3 ) . A l t h o u g h a c o  m a n d v e r i f i c a t i o n i s

n o t n e c e s s a r i l y r e c e i v e d b y t h e

m o t o r . W h e n t h e r e i s a n i n d i c a t i o n o f p o w e r t o t h e m o t o r , t h e m o t o r d o e s

o p e r a t e . A s a r e s u l t , d u r i n g t h e f i r s t l u n a r d a y , r e s p o n s e t o g r o u n d
c o m m a n d s w a s n o n m a l e x c e p t f o r 6 o f t h e 2 2 c o m m a n d s w h e n t h e r e w a s n o

þ ÿ � I  �  ¬ � S � p � O � I � l � S � e.
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-12 volts 

Fi gure 14-33 . - Y-axis leveling mot or circuitry . 

Y-axis motor 
drive circuit 

Although no scient ific dat a have been lost to date , intermittent 
problems have been enc ountered when leveling the Y-axis of the gimbal 
platform upon which are mounted the three orthogonal long-per iod seis­
mometers . Occasionally , either there is no electro-mechanical respon s e ,  
or the response is delayed when the Y-axi s motor is  commanded on . De­
lay time s  vary . Thus far , leveling has been achieved by cycling on/off 
commands at varying time intervals .  

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

If the problem becomes wor se until Y-axi s leve ling cannot be 
achieve d ,  an emergency operational mode can be implemented such as driv­
ing remaining axe s to their stops in both directions in an attempt to 
free electro-mechanical components which may be sticking . Presently , 
however , the problem has not been suffic iently serious to warrant inter­
ruption of continuous sc ientific data to attempt such operations . 

This anomaly i s  closed.  
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Figure l l t -33. - Y-ax i s level ing m o t o r c i rcu i t ry .

Although n o sc ien t i f i c d a t a h a v e b e e n l o s t t o date , i n t e rm i t t en t

problems h a v e b e e n encoun te red w h e n level ing t he Y-ax i s o f t he gimbal
g

plat form u p o n wh ich a r e m o u n t e d t h e t h r e e or thogonal long-per iod se i s -

momete rs . Occasional ly , e i the r t h e r e i s n o e lec t ro -mechan ica l r e s p o n s e ,
o r t h e r e s p o n s e i s delayed w h e n t he Y-ax i s m o t o r i s c o m m a n d e d o r 1 . D e -

lay t imes v a r y . T h u s fa r , level ing h a s b e e n ach ieved by cycl ing on/of f
c o m m a n d s a t vary ing t ime i n te rva l s .

T h e problem i s c a u s e d by a n i n te rm i t t en t component i n t he mo to r

c o n t r o l c i r cu i t ( f ig. lk-33). T h e r e i s n o co r re la t i on b e t w e e n t h e o c c u

r e n c e o f t he problem a n d t he temperature o f t he l u n a r sur face, t h e c e n -

t r a l s ta t i on elect ron ics, o r t he exper iment . W h e n e v e r t h e r e i s a n i nd i

ca t i on o f p o w e r t o t he motor , t he mo to r operates. W h e n t h e  o t o r o p e r -

ates, i t operates proper ly a n d pul ls t h e n o r m a l cu r ren t .

I f t he problem b e c o m e s w o r s e un t i l Y -ax i s level ing c a n n o t b e

achieved, a n e m e r g e n c y operat ional m o d e c a n b e implemented s u c h a s d r i v

ing remain ing a x e s t o t he i r stops i n bo th d i rec t i ons in a n at tempt t o

f r e e e lec t ro -mechan ica l components wh ich m a y b e st ick ing. Present ly ,
however , t h e problem h a s no t b e e n suf f ic ient ly se r i ous to w a r r a n t i n t e r

rupt ion o f con t i nuous sc ien t i f i c d a t a t o at tempt s u c h operat ions.

T h i s anomaly i s c l osed .

I '
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14 . 4 . 6  Pass ive Seismi c Experiment Fee dback Filter Failure 

The long-period vertical ( Z )  seismometer was uns table when operat ed 
with the feedback fi lter in . The fee dback filters for all three long­
period axes ( X ,  Y ,  and Z )  were removed by comman d ,  and good dat a (undamped) 
now continue to be receive d .  The filter-out mode provides feedback to the 
seismometer for all peri ods of operati on with an instrument having a nat­
ural period of approximately 2 . 5  s econ ds . Although the response curves 
are peaked rather than flat , and crit ically dampe d ,  no seismi c energy in 
the 0 . 5- to 15-s econd-peri od range is los t .  

The filter-in mode provides a 1000-second time cons tant filter in 
the feedb ack loop for an instrument having a natural period of approxi­
mately 15 secon ds with a criti cally dampe d ,  flat-response curve . On 
Apollo 14 long-period sei smometers , the data during the filter-in mode 
have indicated a general characteristic o f  i ni tial os cillati ons going on 
to s aturation . The problem appears to be elect ri cal rath er th an mechan­
ical as experienced with the bent flexures of the Apollo 12 long-period 
vert i c al seismometer . Performance dat a duri ng Apollo 14 acceptance test­
ing have indi cated no abnormalities . 

Preliminary analysis o f  s ci ence dat a from Apollo 11 , 12 , and 14 
indi c ates that the natural lunar seismic regime favors the range of 0 . 5-
to 3 . 0-second periods . As a res ult it is qui te probable that future 
passive seismi c  experiment units on the lunar surface will be operated 
in the filter-out mode in  order to maximi ze the sens iti vity at the appar­
ently favored 2 . 0-second peri o d .  At present , both Apollo 12 an d  Apollo 1 4  
long-period s ei smome ters are being operated in the fi lter-out mode , pro­
ducing s a  tis factory data . 

This anomaly is clos ed.  

14 . 4 . 7  Active Seismi c  Geophone 3 Electroni c Circuit Errati c 

The experiment was turned on in the lis tening mode on March 26 , 
1971 , and ge ophone 3 data were spiking off-scale high ( fig . 14-34 ) .  
When the geophone channels were calibrate d ,  the geophone 3 channel went 
off-scale high simult aneously with the start of the calibration pulse 
and stayed off-s c ale high for the remai nder of the listening period. 
During the 1-se cond peri od when the calibration puls e was present , data 
from geophones 1 and 2 showed the normal 7-hertz ringing caused by the 
calibration puls e .  Howeve r ,  ge ophone 3 data showed four negative-going 
spikes coinci dent with the fi rst four negative hal f  cycles of the ring­
ing on the other two channels . The spikes de creased in duration from 
the first to the las t ,  the last having an ampli tude of 90 percent of 
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1h.h.6 Passive Seismic Experiment Feedback Fi l ter Fai lure

The long-period vert ical (Z) seismometer w a s unstable when operated
with the feedback f i l ter in. The feedback f i l ters for al l three long-
period a x e s (X, Y, and Z) w e r e removed by command, and good data (undamped)
n o w cont inue to be received. The f i l ter-out mode provides feedback to the

seismometer for a l l periods of operation with a n instrument having a nat-

ura l period of approximately 2.5 seconds. Although the response c u r v e s

a r e peaked rather than f lat, and crit ically damped, n o seismic energy in

the O.5- to 15-second-period range is lost .

The f i l ter- in mode provides a 1000-second t ime constant f i l ter in

the feedback loop for a n instru ent having a natural period of approxi-
mately 15 seconds with a crit ically damped, flat-response c u r v e . On

Apollo 1h long-period seismometers, the data during the f i l ter- in mode

have indicated a general character is t ic of in i t ia l osci l lat ions going o n

to saturat ion. The problem appears to be electr ical rather than mechan-

ica l a s experienced with the bent f lexures of the Apollo 12 long-period
vert ical seismometer. Performance data during Apollo lh acceptance test -

ing have indicated n o abnormal i t ies.

Preliminary analysis of science data f rom Apollo 11, 12, and 1h
ind icates that the natura l lunar seismic regime favors the range of 0.5-
to 3.0-second periods. As a resul t i t is quite probable that fu ture

passive seismic experiment units o n the lunar sur face wil l be operated
in the f i l ter-out mode in order to maximize the sensitivity at the appar-

ently favored 2.0-second period. At present, both Apollo 12 and Apollo lb

long-period seismometers a r e being operated in the f i l ter-out mode, pro-

ducing satisfactory data.

This anomaly is closed.

1h.h.T Active Seismic Geophone 3 Electronic Circui t Errat ic

The experiment w a s turned o n in the l istening mode o n March 26,
1971, and geophone 3 data w e r e spiking off -scale high (fig. 1h-3h).
When the geophone channels w e r e calibrated, the geophone 3 channel went

of f -scale high simultaneously with the star t of the cal ibrat ion pulse
and stayed off -scale high for the remainder of the l istening period.
During the 1-second period when the cal ibrat ion pulse was present, data

from geophones 1 and 2 showed the normal T-hertz ringing caused by the

cal ibrat ion pulse. However, geophone 3 data showed four negative-going
spikes coincident with the f i rst four negative hal f cycles of the ring-
ing o n the other two channels. The spikes decreased in durat ion f rom

the f i rst to the last, the last having a n amplitude of 90 percent of
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full s c ale ( plus 2 . 5  volts to minus 2 . 0  volts ) .  During the time that 
this puls e was pres ent , the sign al on channel 2 changed from minus 2 . 2  
volts to minus 2 . 35 volts , i ndicating that channel 3 was operating at 
an apparent gain of 30 t imes the channel 2 gai n .  

As shown i n  figure 14-35 , e ach geophone channel cons ists of a geo­
phone , an input preampli fier , a low-pas s fi lter , and a logarithmi c com­
pressor amplifier .  The output of the logarithmi c compres sor feeds the 
ins trumentation system . The logarithmic compressor is basi cally an in­
verting ampli fier with exponential negat i ve feedb ack . Two diode-con­
nected t rans istors between the output and input of the ampli fi er supply 
the fee db ack . The first  di ode is use d  for posi tive-going and the second 
for negative-going input s ignals . The diodes for all three geophone 
channels (two per channel ) are physically locat e d  in an oven which con­
trols thei r  temperature at 10 5° C .  

NASA-S-71-1703 

Geophone 

Calibration � c.......,d 1 I 

.,.. I 
I 
I r+2.4v dc 

Figure 14- 35 . - Typical geophone channel .  

Owen 

It is believed that the failure i s  in  the logarithmic compres sion 
ampli fier because s ignals are coupled into it through an input coupling 
capacitor .  This capacitor would b lock any offset voltages from the pre­
ce ding stages whi ch would be required to drive the output off- s cale high . 
Analy s is indicates that the most prob able caus e of  the problem i s  an 
i ntermittent open circuit in the diode fee dback path . This would allow 
the amplifier input transistor to s aturate , driving the output off-scale 
high . When s ignals large enough to drive the i nput stage out of s atura­
tion were pre s ent , the output would then respond and the output signal 
would not be compress ed .  
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f u l l s c a l e (p lus 2 . 5 v o l t s t o m i n u s 2 . 0 vo l t s ) . D u r i n g t h e t i m e t h a t

t h i s p u l s e w a s p r e s e n t , t h e s i g n a l o n c h a n n e l 2 c h a n g e d f r o m m i n u s 2 . 2

v o l t s t o m i n u s 2 . 3 5 v o l t s , i n d i c a t i n g t h a t c h a n n e l 3 w a s o p e r a t i n g a t

a n a p p a r e n t g a i n o f 3 0 t i m e s t h e c h a n n e l 2 g a i n .

A s s h o w n i n f i g u r e l k -35 , e a c h g e o p h o n e c h a n n e l c o n s i s t s o f a g e o -

p h o n e , a n i n p u t p r e a m p l i f i e r , a l o w - p a s s f i l t e r , a n d a l o g a r i t h m i c c o m -

p r e s s o r a m p l i f i e r . T h e o u t p u t o f t h e l o g a r i t h m i c c o m p r e s s o r f e e d s t h e

i n s t r u m e n t a t i o n s y s t e m . T h e l o g a r i t h m i c c o m p r e s s o r i s b a s i c a l l y a n i n -

v e r t i n g a m p l i f i e r w i t h e x p o n e n t i a l n e g a t i v e f e e d b a c k . T w o d i o d e - c o n -

n e c t e d t r a n s i s t o r s b e t w e e n t h e o u t p u t a n d i n p u t o f t h e a m p l i f i e r s u p p l y
t h e f e e d b a c k . T h e f i r s t d i o d e i s u s e d f o r p o s i t i v e - g o i n g a n d t h e s e c o n d

f o r n e g a t i v e - g o i n g i n p u t s i g n a l s . T h e d i o d e s f o r a l l t h r e e g e o p h o n e
c h a n n e l s ( two p e r channe l ) a r e p h y s i c a l l y l o c a t e d i n a n o v e n w h i c h c o n -

t r o l s t h e i r t e m p e r a t u r e a t l O 5 ° C .
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I t i s b e l i e v e d t h a t t h e f a i l u r e i s i n t h e l o g a r i t h m i c c o m p r e s s i o n
a m p l i f i e r b e c a u s e s i g n a l s a r e c o u p l e d i n t o i t t h r o u g h a n i n p u t c o u p l i n g
c a p a c i t o r . T h i s c a p a c i t o r w o u l d b l o c k a n y o f f s e t v o l t a g e s f r o m t h e p r e -

c e d i n g s t a g e s w h i c h w o u l d b e r e q u i r e d t o d r i v e t h e o u t p u t o f f - s c a l e h i g h
A n a l y s i s i n d i c a t e s t h a t t h e m o s t p r o b a b l e c a u s e o f t h e p r o b l e m i s a n

i n t e r m i t t e n t o p e n c i r c u i t i n t h e d i o d e f e e d b a c k p a t h . T h i s w o u l d a l l o w

t h e a m p l i f i e r i n p u t t r a n s i s t o r t o s a t u r a t e , d r i v i n g t h e o u t p u t o f f - s c a l e

h i g h . W h e n s i g n a l s l a r g e e n o u g h t o d r i v e t h e i n p u t s t a g e o u t o f s a t u r a -

t i o n w e r e p r e s e n t , t h e o u t p u t w o u l d t h e n r e s p o n d a n d t h e o u t p u t s i g n a l
w o u l d n o t b e c o m p r e s s e d .
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The experiment electronics us es "cordwood" construction o f  the type 
which has caused s older cracks in other equipment . Two copper paths con­
duct the feedback diodes to the logari thmi c compressor ampli fi er . A 
s older crack in ei ther path would then result in the data characteristi cs . 

There are 10 such solder joints for each ge ophone ( fig.  14- 36 ) : 
four on the oven terminal board , four on the mother board , one on the 
top board of the log compressor module , and one on the bottom board of 
the log compres sor module . The one mos t  likely to fail fi rs t is on the 
top board of the log compres s or module . Continuity at the j oint re­
covers as long as the crack closes during the lunar day . 
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Oven 
terminal 
board 

Most l ikely cracked joint 

Motherboard 

Figure 14-36 . - Suspected cracked solder j oints in ampli fier . 

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

Systems testing included operational thermal cycling t ests over the 
temperature range for lunar day and night . However , cracked solder joints 
are a function of t ime as well as temperature , and apparently the ground 
test cycle did not allow enough time for a creep fai lure . Th is equipment 
was designed and built prior to the time when it was found that cordwood 
construction with soldered j oi nts was unsatis factory . 
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The experiment electronics uses "cordwood" construction of the type
which has caused solder cracks in other equipment. Two copper paths con-

duct the feedback diodes to the logarithmic compressor amplifier. A

solder crack in either path would then result in the data characteristics.

There are 10 such solder _joints for each geophone (fig. ll;-36):
four on the oven terminal board, four on the mother board, one on the

top board of the log compressor module, a.nd one on the bottom board of

the log compressor module. The one most likely to fail first is on the

top board of the log compressor module. Continuity at the joint re-

covers as long as the crack closes during the lunar day.
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Figure lli-36.- Suspected cracked solder _joints in amplifier.

The log compressor modules for geophones 1 a.nd 2 are of the same

type construction. Since these are located slightly further from the

oven tha.n the one for geophone 3, the maximum temperature may not be

quite as high. As a result, it may take longer for them to crack, if

at all.

Systems testing included operational thermal cycling tests over the

temperature ra.nge for lunar day a.nd night. However, cracked solder _joints
are a function of time as well as temperature, and apparently the ground
test cycle did not allow enough time for a creep failure. This equipment
was designed a.nd built prior to the time when it was found that cordwood

construction with soldered _joints was unsatisfactory.
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A b readb oard o f  t h e  logari thmi c compre s s or has been constructe d ,  

an d  the dio de feedback loop will be opened t o  dupli c ate the experiment 

dat a .  The me chani cal des i gn of the logarithmi c compre s s o r  wi ll be re­

viewed to determine the changes that mus t  be made to prevent s older 

cracks on Apollo 16 . The active s e i smi c experiment is not carri e d  on 

Apollo 15 . 

Procedural changes un der consi derat i on incl ude operation of the 

oven to maintain compre s sor module tempe rature becaus e the solder j oint 
whi ch i s  most likely cracked is i n  compres si on ( stronger ) at the higher 

temperature . 

This anomaly i s  open . 

14 . 4 . 8  Intermittent Lo s s  of Val i d  Data from Suprath ermal Ion 

Dete ctor Expe riment Pos itiv� Analog-to-Digital Conve rter 

The dat a i n  words 2 ,  3 ,  7 ,  and 8 of the s uprathermal i on detector 

experiment b e c ame errat i c  at 19 : 09 G . m . t .  on April 5 ,  19 71 . This con­

di t i on continued unt i l  22 :15  G . m . t .  on Apri l 6 .  The s ame errati c con­

dition was als o ob s e rved during op erational s upport peri ods on Ap ri l 7 ,  
9 ,  an d  21 . Only those me as urements as s o c i at e d  with the pos iti ve s ection 
o f  the log analog-to-di gital conve rt e r  were affe ct e d .  There has been n o  

loss of s cience d at a .  

The affe ct e d  meas ureme nts h ave a data charact e risti c wherein each 

parameter pro c e s s e d  by the pos itive log analog-to-digital convert e r  

initially indi cat es full-s c ale output , followed b y  an erroneous data 

value . The erroneous data value corre lates wi th the value of the pre­

ceding measurement i n  the s eri al dat a format pro ce s s ed by the negative 

analog-to-digital convert e r .  The erroneous dat a  value in s ome i ns tan ces 

i n di c at e s  one PCM count le s s  than the negative an alog- to-digital con­

ve rt e r  parameter . 

An intermittent fai lure o f  the s tart re s et pul s e  for the pos itive 

log an alog-to-di gi tal conve rt e r  control logi c ( fig . 14-37 ) could caus e 

the prob lem . Although th e fai lure permits the pos itive converter i niti al 

output to fill the ei ght-b it bi nary counter and produce a full-s cale re ad­
ing ; thereafter , when a st art pulse for the pos iti ve converter should re­
s et the eight-b i t  counte r ,  it fails to do s o , and the negat i ve word wh i ch 

is s t i ll in the counter is read out as a posi tive wo rd. The c aus e appears 

to be an intermittent component or wire connection in one of the ass ociated 

modules . Howeve r , it does not appe ar to be a funct i on of the t emp erature . 

The components h ave been p as s ed by normal hi gh re li abi li ty s c re ening , and 

sys tems t ests h ave i n clude d operat i on al pre s s ure , t emperature , vibrat i on ,  

humidity , and accele rat e d  lunar envi ronment cy cles . No fai lure of this 

ll#-S7

A breadboard of the logarithmic compressor has been constructed,
and the diode feedback loop will be opened to duplicate the experiment
data. The mechanical design of the logarithmic compressor will be re -

viewed to determine the changes that must be made to prevent solder

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

Apollo 15.

Procedural changes under consideration include operation of the

oven to maintain compressor module temperature because the solder joint
which is most likely cracked is in compression (stronger) at the higher
temperature.

This anomaly is open.

1h.h.8 Intermittent Loss of Valid Data from Suprathermal Ion

Detector Experiment Positive Analog-to-Digital Converter

The data in words 2, 3, T, and 8 of the suprathermal ion detector

experiment became erratic at 19:09 G.m.t. on April 5, 1971. This con-

dition continued unti l 22:15 G.m.t. on April 6. The same erratic con-

dition was also observed during operational support periods on April T,
9, and 21. Only those measurements associated with the positive section

of the log analog-to-digital converter were affected. There has been no

lwsofsdmmed&a.

The affected measurements have a data characteristic wherein each

parameter processed by the positive log analog-to-digital converter

initially indicates ful l-scale output, fol lowed by an er roneous data

value. The er roneous data value correlates with the value of the pre-

ceding measurement in the serial data format processed by the negative
analog-to-digital converter. The er roneous data value in some instances

indicates one PCM count less than the negative analog-to-digital con-

verter parameter.

An intennittent fai lure of the start reset pulse for the positive
log analog-to-digital converter control logic (fig. lk-37) could cause

the problem. Although the fai lure permits the positive converter init ial

output to f i l l the eight-bit binary counter and produce a ful l-scale read

ing; thereafter, when a start pulse for the positive converter should re -

set the eight-bit counter, i t fai ls to do so, and the negative word which

is sti l l in the counter is read out as a positive word. The cause appears
to be an intermittent component or wire connection in one of the associated

modules. However, i t does not appear to be a function of the temperature
The components haxe been passed by normal high reliability screening, and

systems tests have included operational pressure, temperature, vibration,
humidity, and accelerated lunar environment cycles. No failure of this
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type has been experienced with ground tests . No additional t es ti ng is 
conside re d  warranted for Apollo 15 , whi ch wi ll be the last mission for 
the experiment . 

This anomaly i s  clos e d .  

14 . 4 . 9  Charge d Particle Lunar Environment Experiment 
Analyzer B Data Lost 

The voltage measurement reading on the analyzer B power supp� 
( fi g .  14-38 ) became errati c on April 8 ,  1971 , and the analyzer B s ci ence 
data were los t .  

On April 1 0  and 16 , the experiment was commande d  on t o  normal ( low­
voltage ) mode , and to i ncre as e  (high-voltage ) mode i n  a seri es of  t ests . 
The results indi cate that the plus 28-volt input , the regulat or ,  and the 
an alyzer A power supp� were functi oning properly , and that the problem 
was i n  the analyzer B power s upply . 

The high-voltage power supp� is a transistor osci llator.  The reso­
nant elements are a t rans former primary wi nding and a capacitor connected 
in parallel between the trans istor emitter and ground .  A s econd trans­
former winding provides pos it ive feedback to the t ransist or base , caus ing 
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type has been experienced with ground tests. No additional testing is

considered warranted for Apollo 15, which will be the last mission for

the experiment.

This anomaly is closed.

1|4.|4.9 Charged Particle Lunar Environment Ebcperiment
Analyzer B Data Lost

The voltage measurement reading on the analyzer B power supply
(fig. 134-38) became erratic on April 8, 1971, and the analyzer B science

data were los t .

On April 10 and 16, the experiment was commanded on to normal (low-
voltage) mode, and to increase (high-voltage) mode in a series of tests.

The results indicate that the plus 28-volt input, the regulator, and the

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

The high-voltage power supply is a transistor oscillator. The reso-

nant elements are a transformer primary winding and a capacitor connected

in parallel between the transistor emitter and ground. A second trans-

former winding provides positive feedback to the transistor base, causing
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the circuit to os cillate . A third trans forme r winding suppli es the in­
put to  a diode-capacitor voltage multiplier chai n .  The output of the 
volt age multiplier is then filtere d  and drives the charged parti cle ana­
ly zer.  The output of  the fourth trans former winding is recti fied and 
filtered .  The fi ltered voltage is then monitored by the ins trumentati on 
system and is proportional to the high volt age s upplied to the analy zer . 

Data indi cated that after the failure occurre d ,  the i ns trumentati on 
output was between 2 . 00 and 2 . 25 volts de . Thi s could not occur i f  the 
os ci llator were not still os cillat i ng .  The input t o  the voltage multi­
plier is  als o  proport i onal to the instrumentation output . Shorts to  
ground can be  postulated at various points in and downstream of the volt­
age multipli e r ,  and the short circuit current can be reflected back into 
the t rans former primary winding to determine how much the output voltage 
should b e  decreas ed.  The decre ase occurs because the trans former pri­
mary winding ( the driving winding ) has resi st ance ( about 300 ohms ) , and 
any voltage dropped across this res is tance is  not avai lab le to drive the 
transformer .  

These calculations show that the short ci rcuit mus t  b e  i n  one of 
the output filter capacitors in the high-voltage filter , in the inter­
connecting cable between the fi lte r  and analy zer , or in the analyzer . 
Short ci rcuits in any other lo cat i ons would result in a much lower in­
strumentat i on output voltage . 

This is the last t ime the charged part i cle lunar environment experi­
ment will be flown . If the failure propagates to  the point where the 
malfunctioning power supply s tops os ci llat i ng , the current taken by this 
supply would increas e to about 0 . 1  ampere . If thi s is  s uffi ci ent to 
damage the s eries voltage regulator us ed for low-voltage operation , the 
operat ing procedures will be modi fi ed to us e low-voltage operation as 
little as possib le to extend the voltage regulator ' s  li fe . 

This anomaly is clos ed. 
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t he c i rcu i t t o osc i l l a te . A th i rd t rans fo rmer winding suppl ies t he i n -

put t o a diode-capaci tor vol tage mult ip l ier cha in . The output o f the

vol tage mult ip l ier i s t hen f i l t e red and dr ives t he charged part ic le a n a -

lyzer. The output o f the fou r th t rans fo rmer winding i s rec t i f i ed and

f i l t e red . The f i l t e red vol tage i s t hen moni to red by t he i ns t rumenta t ion

system and i s proport ional t o the high vol tage suppl ied t o the analyzer.

Data i nd ica ted t ha t a f te r the fa i l u re occurred, t he i ns t rumenta t ion

output w a s be tween 2.00 and 2.25 vo l t s dc . Th is cou ld no t o c c u r i f t he

osc i l l a to r w e r e no t s t i l l osci l lat ing. The input t o the vol tage mul t i -

pl ier i s a lso proport ional t o the i ns t rumenta t ion output. Shor ts t o

ground c a n be postulated a t var ious points i n and downs t ream of the vo l t

age mult ip l ier , and the shor t c i rcu i t cur ren t c a n be re f lec ted back i n to

t he t rans fo rmer primary winding t o dete rmine how much the output vol tage
shou ld be decreased . The decrease o c c u r s because the t rans fo rmer pri-
mary winding (the driv ing winding) has res is tance (about 300 ohms), and

any vol tage dropped a c r o s s th i s resistance i s no t ava i lab le t o dr ive t he

t rans fo rmer .

These ca lcu la t ions show tha t the shor t c i rcu i t mus t be i n o n e o f

the output f i l t e r capaci tors i n t he high-vol tage f i l ter , i n t he i n te r -

connect ing cab le be tween the f i l t e r and analyzer, o r i n t he analyzer.
Shor t c i rcu i t s in any o the r l oca t ions wou ld resu l t i n a much lower i n -

s t rumenta t ion output vol tage.

Th is is t he las t t ime t he charged part ic le l una r env i ronment experi
ment wi l l be f lown . I f t he fa i l u re propagates t o t he point where the

malfunct ioning power supply stops osci l lat ing, t he cur ren t taken by th i s

supply wou ld i nc rease t o abou t 0.1 ampere . I f th i s i s su f f i c ien t t o

damage t he ser ies vol tage regulator used fo r low-vol tage operat ion, t he

operat ing procedures wi l l be modi f ied t o u s e low-vol tage operat ion a s

l i t t l e a s possible t o ex tend the vol tage regulator 's l i f e .

Th is anomaly i s c losed .
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15 . 0  CONCLUSIONS 

The Apollo 14 mi ssion was the third successful lunar landing and 
demon strated excellent performance of all contributing elements , result­
ing in the collection of a wealth of scientific informat ion . The follow­
ing conclus ions are drawn from the informat ion in this report . 

1 .  Cryogenic oxygen system hardware modi fications and change s made 
as a re sult of the Apollo 13 failure sati sfied , within safe limit s ,  all 
system re quirement s for future mi ssions , including extravehicular activity . 

2 .  The advantages of manned spaceflight were again clearly demon­
strated on this mi ss ion by the crew ' s ability to diagnose and work around 
hardware problems and malfunct ions which otherwise might have resulted in 
mi ssion terminat ion . 

3 .  Navigat ion was the most difficult lunar surface task because of 
problems in finding and recogni zing small feature s ,  reduced visibility 
in the up-sun and down-sun directions , and the inability to judge dis­
t ance s . 

4 .  Rende zvous within one orb it of lunar ascent was demonstrated 
for the first time in the Apollo program. This type of rendezvous re­
duce s  the time betwe en lunar lift-off and docking by approximately 
2 hours from that required on previous mi ssion s .  The time line activi­
ties , however , are greatly compre ssed . 

5 .  On previous lunar mi ssions , lunar surface dust adhering to equip­
ment being returned to earth has created a problem in both spacecraft . 
The special dust control procedures and equipment used on this mi ss ion 
were effect ive in lowering the overall level of dust . 

6 .  Onboard navigation without air-to-ground communications was suc­
ces sfully demon strated during the transearth phase of the mi ss ion to be 
suffi ci ently accurate for use as a contingency mode of operat ion during 
future mi ssions . 

7 .  Launching through cumulus clouds with tops up to 10 000 feet 
was demon strated to be a safe launch restrict ion for the prevent ion of 
triggered lightning.  The cloud conditions  at lift-off were at the limit 
of this restriction and no tri ggered lightning was recorded during the 
launch phase . 
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15.0 CONCLUSIONS

The Apollo 1h mission was the third successful lunar landing and

demonstrated excellent performance of all contributing elements, result-

ing in the collection of a wealth of scientific information. The follow-

ing conclusions are drawn from the information in this report.

1. Cryogenic oxygen system hardware modifications and changes made

as a result of the Apollo 13 failure satisfied, within safe limits, all

system requirements for future missions, including extravehicular activity

2. The advantages of manned spaceflight were again clearly demon-

strated on this mission by the þÿ�c�r�e�w ��sability to diagnose and work around

hardware problems and malfunctions which otherwise might have resulted in

mission termination.

3. Navigation was the most difficult lunar surface task because of

problems in finding and recognizing small features, reduced visibility
in the up-sun and down-sun directions, and the inability to judge dis-

tances.

M. Rendezvous within one orbit of lunar ascent was demonstrated

for the first time in the Apollo program. This type of rendezvous re-

duces the time between lunar lift-off and docking by approximately
2 hours from that required on previous missions. The timeline activi-

ties, however, are greatly compressed.

5. On previous lunar missions, lunar surface dust adhering to equip-
ment being returned to earth has created a problem in both spacecraft.
The special dust control procedures and equipment used on this mission

were effective in lowering the overall level of dust.

6. Onboard navigation without air-to-ground communications was suc-

cessfully demonstrated during the transearth phase of the mission to be

sufficiently accurate for use as a contingency mode of operation during
future missions.

T. Launching through cumulus clouds with tops up to 10 000 feet

was demonstrated to be a safe launch restriction for the prevention of

triggered lightning. The cloud conditions at lift-off were at the limit

of this restriction and no triggered lightning was recorded during the

launch phase.
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APPENDIX A - VEHICLE DESCRIPTION 

The Apollo l4 space vehicle consisted of a block II configuration 
spacecraft and a Saturn V launch vehicle (AS-509 ) .  The assemblies com­
prising the spacecraft con sisted of a launch escape system, command and 
service module s ( CSM-llO ) ,  a spacecraft/launch vehicle adapter , and a 
lunar module ( IM-8 ) .  The changes made to the command and service module s ,  
the lunar module , the extravehicular mobility unit , the lunar surface 
experiment equipment , and the launch vehicle since the Apollo l3 mis sion 
are presented. The changes made to the spacecraft systems are more num­
erous than for previous lunar landing mi ssions primarily because of im­
provements made as a re sult of the Apollo l3 problems and preparations 
for more extensive extravehi cular operations . 

A . l COMMAND AND SERVICE MODULE 

A . l . l  Structural and Mechanical Systems 

The maj or structural change s were installations in the servi ce mod­
ule to accommodate an additional cryogeni c oxygen tank in sector l and 
an auxiliary b attery in sector 4 .  These changes are di scus sed further 
in s ection A .l . 3 .  

Structural changes were made in the spacecraft/launch vehicle adapter 
as follows . A door was installed at station 5 47 ( 305 deg) to provide ac­
cess to quadrant 2 of the lunar module descent stage where Apollo lunar 
s urface experiment subpackages l and 2 were stowed . Als o ,  doublers were 
bonded on the adapter at station 547 ( 2l5 deg )  in case a similar door had 
been required for contingency access to the lunar module cryogenic helium 
tank during prelaunch operations . 

The interior of gus sets 3 and 4 ,  which contain the breech-plenum 
as semblies of the forward heat shield jetti soning system , were armored 
with a polyimide-impregnated fiberglass to prevent burn-through of the 
gussets and possible damage to adj acent equipment in the event of es­
c aping gas from the breech assemblies . 
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APPENDIX A - VEHICLE DESCRIPTION

The Apollo lh space vehicle consisted of a block II configuration
spacecraft and a Saturn V launch vehicle (AS-509). The assemblies com-

prising the spacecraft consisted of a launch escape system, command and

service modules (CSM-llO), a spacecraft/launch vehicle adapter, and a

lunar  odule (UM-8). The changes made to the command and service modules,
the lunar module, the extravehicular mobility unit, the lunar surface

experiment equipment, and the launch vehicle since the Apollo l3 mission

are presented. The changes made to the spacecraft systems are more num-

erous than for previous lunar landing missions primarily because of im-

provements made as a result of the Apollo l3 problems and preparations
for more extensive extravehicular operations.

A.1 COMMAND AND SERVICE MODULE

A.l.l Structural and Mechanical Systems

The major structural changes were installations in the service mod-

ule to accommodate an additional cryogenic oxygen tank in sector l and

an auxiliany battery in sector M. These changes are discussed further

in section A.l.3.

Structural changes were made in the spacecraft/launch vehicle adapter
as follows. A door was installed at station SMT (305 deg) to provide ac-

cess to quadrant 2 of the lunar module descent stage where Apollo lunar

surface experiment subpackages l and 2 were stowed. Also, doublers were

bonded on the adapter at station SMT (215 deg) in case a similar door had

been required for contingency access to the lunar module cryogenic helium

tank during prelaunch operations.

The interior of gussets 3 and M, which contain the breech-plenum
assemblies of the forward heat shield jettisoning system, were armored

with a polyimide-impregnated fiberglass to prevent burn-through of the

gussets and possible damage to adjacent equipment in the event of es-

caping gas from the breech assemblies.
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A .l . 2  Environmental Control System 

The postlanding venti lation valves were modi fied to incorporate dry 
( non-lubri cated ) brake shoes to prevent pos sible sticking and a second 
s hear pin was adde d to insure positive drive between the actuator shaft 
and cam. 

To provide cont rolle d venting for an oxygen tank flow test , the in­
ternal diameter of the auxiliary dump nozzle ( located in the side hatch ) 
was enlarge d. 

Sodium nitrate was added to the buffer ampules used in sterilizing 
the potable water.  Addition of the sodium nitrate was to reduce system 
corros ion and enhance the sterili zat i on qualit ies of the chlorine . 

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

A . l . 3 Electri cal Power System 

The electrical power system was changed s igni fi cantly after the 
Apollo 13 cryogenic oxygen subsystem failure . The maj or changes are as 
follows . 

a.  The internal construction of the cryogeni c oxygen tanks was mod­
i fied as described in the following table . 

Previous block II  vehicles 

Each tank contained two de strat­
i fication fans . 

Quantity gaging probe was made 
of aluminum. 

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

Filter was located i n  t ank 
dis charge . 

Tank cont ained heater thermal 
switches to prevent heater 
element from overheat ing . 

Fan motor wiring was Teflon­
insulated. 

CSM-110 and subsequent vehicles 

Fans were delet ed. 

Quant ity gaging probe material 
was changed to stainle s s  steel . 

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

Filter was relocated to external 
line . 

Heater thermal switches were re­
moved.  

All wiring was magnes ium oxide­
insulated and sheathed with 
stainle s s  steel.  
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A . l . 2 E n v i r o n m e n t a l C o n t r o l System

T h e post landing v e n t i l a t i o n v a l v e s w e r e m o d i f i e d t o incorporate dry
(non- lubr icated) b r a k e s h o e s t o prevent possib le st ick ing a n d a s e c o n d

s h e a r pin w a s a d d e d t o i n s u r e posi t ive d r i v e b e t w e e n t h e a c t u a t o r s h a f t

a n d c a m .

T o prov ide c o n t r o l l e d vent ing f o r a n o x y g e n t a n k f l o w tes t , t h e i n -

t e r n a l d i a m e t e r o f t h e auxi l ia ry dump n o z z l e ( located i n t h e s i d e hatch)
w a s enlarged.

S o d i u m n i t r a t e w a s a d d e d t o t h e b u f f e r ampules u s e d i n ster i l i z ing
t h e potab le w a t e r . A d d i t i o n o f t h e s o d i u m n i t r a t e w a s t o r e d u c e sys tem
c o r r o s i o n a n d e n h a n c e t h e s t e r i l i z a t i o n qual i t ies o f t h e ch lo r i ne .

A v a c u u m c l e a n e r w i t h d e t a c h a b l e bags w a s a d d e d t o a s s i s t i n r e m o v -

ing l u n a r d u s t f r o m s u i t s a n d equipment pr ior t o i n t r a v e h i c u l a r t r a n s f e r

f r o m t h e l u n a r m o d u l e t o t h e c o m m a n d m o d u l e a f t e r l u n a r s u r f a c e o p e r a -

t ions, a n d f o r c leanup i n t h e c o m m a n d m o d u l e .

A. l . 3 E l e c t r i c a l P o w e r System

T h e e l e c t r i c a l p o w e r sys tem w a s changed s ign i f icant ly a f t e r t h e

Apol lo 13 cryogenic o x y g e n subsystem f a i l u re . T h e major changes a r e a s

f o l l o w s .

a . T h e i n t e r n a l c o n s t r u c t i o n o f t h e cryogenic o x y g e n t a n k s w a s m o d

i f i e d a s d e s c r i b e d i n t h e fo l lowing t a b l e .

P r e v i o u s b l o c k I I v e h i c l e s

E a c h t a n k c o n t a i n e d t w o d e s t r a t

i f i c a t i o n f a n s .

Quant i ty gaging probe w a s m a d e

o f a lum inum.

H e a t e r c o n s i s t e d o f t w o para l -
l e l - c o n n e c t e d e l e m e n t s w o u n d

o n a s t a i n l e s s s t e e l t u b e .

F i l t e r w a s l o c a t e d i n t a n k

discharge.

T a n k c o n t a i n e d h e a t e r t h e r m a l

s w i t c h e s t o prevent h e a t e r

e l e m e n t f r o m overheat ing.

F a n  o t o r wir ing w a s T e f l o n -

i n su la ted .

C S M - 1 1 0 a n d subsequent v e h i c l e s

F a n s w e r e d e l e t e d .

Quant i ty gaging probe m a t e r i a l

w a s changed t o s t a i n l e s s s t e e l .

H e a t e r w a s changed t o t h r e e p a r -
a l l e l - c o n n e c t e d e l e m e n t s w i t h

separate c o n t r o l o f o n e e l e m e n t .

F i l t e r w a s r e l o c a t e d t o e x t e r n a l

l i n e .

H e a t e r t h e r m a l s w i t c h e s w e r e r e -

m o v e d .

A l l wir ing w a s magnesium o x i d e -

i n s u l a t e d a n d s h e a t h e d w i t h

s t a i n l e s s s t e e l .
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b .  A third cryogenic oxygen storage tank was installed in s ector 1 
of  the service module . This tank supplied oxygen to the fuel cells and 
could be used simultane ously with the two t anks in sector 4 .  A new iso­
lat i on valve was installed between tanks 2 and 3 to prevent the los s of 
oxygen from tank 3 in the event of damage to the plumbing for tanks 1 and 
2 .  The closed isolation valve also would have prevented the flow of oxy­
gen from tank 3 to the fuel cells . However ,  tank 3 could have supplied 
the environmental control system with the isolation valve closed while 
the auxiliary b attery , mentioned in paragraph e ,  was the source of elec­
t ri cal power .  

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

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

e .  An auxiliary battery , having a capacity of 400-ampere hours , was 
installed on the aft bulkhead in sector 4 of the servi ce module to pro­
vide a source of electri cal power in case of a c ryogenic sub system fai l­
ure . Two control b oxes , not used on previous flights , were added to ac­
commodate the auxili ary b attery . One box contained two motor switches 
which could disconnect fuel cell 2 from the servi ce module and connect 
the auxiliary battery in its place . The second box contained an over­
load s ensor for wire protecti on . 

A . l . 4 Instrumentation 

Six new telemetry measurements associ ated with the high-gain antenna 
were added to indi cate pitch , yaw ,  and beam-width , and whether the antenna 
was operating in the manual , automati c  tracking , or reacquis ition mode . 
This additional instrumentation provided data to support Flight Control 
management of the high-gain antenna. 

Other instrumentation changes were as follows . The cabin pressure 
transducer was replaced with one whi ch had been reworked , cleaned,  and 
inspected for contaminants . In the past , loose nickel-plating particles 
had interfered with inflight measurements .  Additional instrumentation 
was incorporated to monitor the auxiliary battery , the oxygen tank heater 
element temperatures ,  the oxygen tank 2 and 3 manifold pre s sure , and the 
t �  3 pressure . 
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b. A third cryogenic oxygen storage tank was installed in sector l

of the service module. This tank supplied oxygen to the fuel cells and

could be used simultaneously with the two tanks in sector H. A new iso-

lation valve was installed between tanks 2 and 3 to prevent the loss of

oxygen from tank 3 in the event of damage to the plumbing for tanks l and

2. The closed isolation valve also would have prevented the flow of oxy-

gen from tank 3 to the fuel cells. However, tank 3 could have supplied
the environmental control system with the isolation valve closed while

the auxiliary battery, mentioned in paragraph e, was the source of elec-

trical power.

c. The tank 1 and 2 pressure switches remained wired in series as

in the previous configuration; the tank 3 switch was wired in parallel
and was independent of tanks l and 2.

d. The fuel cell shutoff valve used previously was an integral
forging containing two check valves and three reactant shutoff valves.

In the valve used for CSM-110, the two check valves remained in the in-

tegral forging; however, the reactant shutoff valves were removed and

replaced by three valves relocated in line with the integral forging.
These valves were the same type as those used in the service module re-

action control helium system. The valve seals were changed to a type
that provides a better seal under extreme cold. Figure A-l illustrates

the major changes to the system except for the internal tank changes.

e. An auxiliary battery, having a capacity of hOO-ampere hours, was

installed on the aft bulkhead in sector H of the service module to pro-
vide a source of electrical power in case of a cryogenic subsystem fail-

ure. Two control boxes, not used on previous flights, were added to ac-

commodate the auxiliary battery. One box contained two motor switches

which could disconnect fuel cell 2 from the service module and connect

the auxiliary battery in its place. The second box contained an over-

load sensor for wire protection.

A.l.h Instrumentation

Six new telemetry measurements associated with the high-gain antenna

were added to indicate pitch, yaw, and beam-width, and whether the antenna

was operating in the manual, automatic tracking, or reacquisition mode.

This additional instrumentation provided data to support Flight Control

management of the high-gain antenna.

Other instrumentation changes were as follows. The cabin pressure
transducer was replaced with one which had been reworked, cleaned, and

inspected for contaminants. In the past, loose nickel-plating particles
had interfered with inflight measurements. Additional instrumentation

was incorporated to monitor the auxiliary battery, the oxygen tank heater

element temperatures, the oxygen tank 2 and 3 manifold pressure, and the

tank 3 pressure.
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A . l . 5  Pyrote chnic s  

Fabrication and quality control procedures of two pyrotechnic device s 
used in the command and service module tension tie cutter and the command 
module forward heat shield jetti s oning system were improved.  Although no 
known inflight problem with the tens ion tie cutter has exi sted, a Skylab 
quali ficat ion test (performed under more severe vacuum and thermal condi­
tions than for Apollo )  revealed that it varied in performance . In the 
forward heat shield jetti s oning system , the technique of as sembling the 
breech to the plenum was improved to eliminate the pos sibility of damage 
to the 0-ring during as s embly . On Apollo 13 , the propellant gas had leak­
ed from the gus set 4 breech assembly , a hole was burned through the alu­
minum gusset cover plate , and the pilot parachute mortar cover was damaged.  
Structural modi fications to gus sets 3 and 4 are described in section A . l . l .  

The docking ring separation system was modi fi ed by attaching the sep­
arat ion charge holde r to the backup bars with bolts as well as the spring 
system used previous ly . This change was made to insure that the charge 
holder remained secure upon actuation of the pyrotechnic charge at command 
module /lunar module separat ion . 

A . l . 6  Crew Provi sions 

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

A side hatch window camera bracket was added to provi de the capa­
bility to photograph through the hat ch window with the 70mm Hasselblad 
camera. 

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

A . l . 7  Displays and Controls 

The following chan ges were made which affected crew station displays 
and control s .  The alarm limit for cryogenic hydrogen and oxygen pressure 
was lowered from 220 psia to approximately 200 psia to eliminate nuisance 
alarms . The flag indicators on panel 3 for the hydrogen and oxygen re­
act ant valve s were changed to indicate clos ing of either shutoff valve 

A.l.5 Pyrotechnics

Fabrication and quality control procedures of

used in the command and service module tension tie

module forward heat shield jettisoning system were
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tions than for Apollo) revealed that it varied in performance. In the

forward heat shield jettisoning system, the technique of assembling the

breech to the plenum was improved to eliminate the possibility of damage
to the 0-ring during assembly. On Apollo l3, the propellant gas had leak-

ed from the gusset A breech assembly, a hole was burned through the alu-

minum gusset cover plate, and the pilot parachute mortar cover was damaged
Structural modifications to gussets 3 and U are described in section A.l.l

The docking ring separation system was modified by attaching the sep-
aration charge holder to the backup bars with bolts as well as the spring
system used previously. This change was made to insure that the charge
holder remained secure upon actuation of the pyrotechnic charge at command

module/lunar module separation.
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A contingency water storage system was added to provide drinking
water in the event that water could not be obtained from the regular pota-
ble water tank. The system included five collapsible l-gallon containers,
fill hose, and dispenser valve. The containers were 6-inch plastic cubes
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and controls. The alarm limit for cryogenic hydrogen and oxygen pressure
was lowered from 220 psia to approximately 200 psia to eliminate nuisance

alarms. The flag indicators on panel 3 for the hydrogen and oxygen re-

actant valves were changed to indicate closing of either shutoff valve
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instead of closure of both valve s ,  and valve closure was adde d to the 
caution and warning matrix . Oxygen tank 2 and 3 manifold pres sure was 
added to the caution and warning system . Circuitry and controls nece s sary 
to control and monitor oxygen tank 3 were added ( heaters , pressure , and 
quantity ) .  Switches were adde d to panel 278 to connect the auxili ary 
battery and activate the new isolation valve between oxygen tanks 2 and 
3 .  Circuitry and controls ( Sl9 , S20 on panel 2 ;  C/B on panel 226 ) for 
the cryogenic fan motors were deleted. The controls for the oxygen tank 
heaters were changed to permit the use of one , two , or three heater ele ­
ment s at a time depending upon the need for oxygen flow . 

A . 2  LUNAR MODULE 

A . 2 . 1  Structure s and Mechanical Systems 

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

A . 2 . 2  Ele ctri cal Power 

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

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

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

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

In addition , the ascent batteri es were modified in the following 
manner : 
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instead of closure of both valves, and valve closure was added to the

caution and warning matrix. Oxygen tank 2 and 3 manifold pressure was

added to the caution and warning system. Circuitry and controls necessary
to control and monitor oxygen tank 3 were added (heaters, pressure, and

quantity). Switches were added to panel 278 to connect the auxiliary
battery and activate the new isolation valve between oxygen tanks 2 and

3. Circuitry and controls (Sl9, S20 on panel 2; C/B on panel 226) for

the cryogenic fan motors were deleted. The controls for the oxygen tank

heaters were changed to permit the use of one, two, or three heater ele-

ments at a time depending upon the need for oxygen flow.

A.2 LUNAR MODULE

A.2.l Structures and Mechanical Systems

Support structure was added to the descent stage for attachment of

the laser ranging retro-reflector to the exterior of quadrant l and at-

tachment of the lunar portable magnetometer to the exterior of quadrant 2

(see section A.h for description of experiment equipment). A modular

equipment transporter was attached to the modular equipment stowage as-

sembly in quadrant M. This system (fig. A-2) was provided to transport
equipment and lunar samples, and to serve as a mobile workbench during
extravehicular activities. The transporter was constructed of tubular

aluminum, weighed 25 pounds, and was designed to carry a load of about

lh0 pounds, including about 30 pounds of lunar samples.

A.2.2 Electrical Power

Because of an anomaly which occurred on Apollo 13 in which the de-

scent batteries experienced current transients and the crew noted a

thumping noise and snowflakes venting from quadrant M of the lunar mod-

ule, both the ascent and descent batteries were modified as follows:

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

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

incorporated.

c. The outside and inside surfaces of the battery cover were re-

versed so that the ribs were on the exterior of the battery.

In addition, the ascent batteries were modified in the following
manner:
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a .  The negative terminal was relocated t o  the opposite end o f  the 
battery . 

b .  The case vent valve was relocated to the same face as the posi­
tive terminal to allow purging the full length of  the b attery c ase . 

c .  The pi gtail , purge port , and the manifold vent valve were re­
located to the same f ace as the negative terminal . 

A circuit breaker was added to the lunar module to bypass the com­
mand module /lunar module bus connect relay contacts for transferring 
power between vehicles after lunar as cent and dockin g .  The command mod­
ule /lunar module bus connect relay control circuit i s  interrupted at 
lunar module staging. 
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a . The negat ive t e rm ina l w a s r e l oca ted t o t h e opposi te end o f t h e

bat tery .

b . The c a s e v e n t v a l v e w a s r e l oca ted t o t h e s a m e f a c e a s t h e posi -
t i ve t e rm ina l t o a l l o w purg ing t he fu l l length o f t he bat tery c a s e .

c . T h e pigta i l , pu rge por t , and t h e man i f o l d v e n t v a l v e w e r e r e -

l o ca ted t o t h e s a m e f a c e a s t he negat ive t e rm ina l .

A c i r cu i t b r e a k e r w a s added t o t he l una r modu le t o bypass t h e c o m -

mand module/ lunar modu le b u s c o n n e c t re lay c o n t a c t s f o r t ransferr ing
power b e t w e e n veh i c l es a f t e r l una r a s c e n t and docking. The command mod-

ule/ lunar modu le b u s c o n n e c t re lay c o n t r o l c i r cu i t i s in ter rupted a t

l u n a r modu le staging.
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A . 2 . 3  Instrumentation 

Instrument ation changes in the ascent propulsion system include d the 
installation of a pres sure transducer in each of the two helium tanks in 
place of two t ank temperature limit sens ors which had been used for meas­
uring structural temperature . The adde d pressure transducers , in con­
junction with the primary pres sure trans ducers already present , provi ded 
redundancy in monitoring for leaks . Two temperature measurements were 
added to the ascent water t ank lines to monitor structural temperatures 
in place of the measurements deleted from the as cent propulsion system 
helium t anks . 

A des cent propulsion system fuel ball valve temperature measurement 
was added for postflight analysis purposes because of c oncern that damage 
could re sult from heat soak-back into propellant lines after powered de­
s cent . 

A . 2 . 4  Displays and Controls 

In the ascent propulsion system , the inputs from the feedline inter­
face pre ssure s ensors to the caution and warning system were dis abled.  
Be cause of the low pres sure at these s ensors prior to system pressuri za­
tion , their inputs to the c aution and warning system would have masked 
the low-pressure warning signal from the helium tanks at critical points 
in the mi ssion .  

Because of erratic indi cations given by the as cent propulsion system 
fuel low-level indicator during prefli ght checkout , the indicator was dis­
abled to prevent master alarms . 

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

An incorrect indication of the as cent stage gaseous oxygen tank 1 
pressure input to the caution and warning system was experi enced during 
preflight che ckout . Therefore , the input to the caution and warning 
system was di sabled to prevent meaningle s s  alarms . 

A. 2 . 5  De scent Propulsion 

Anti -slosh b affles were installed ins i de the des cent stage propellant 
tanks and the diameter of the outlet holes for the propellant quantity gag­
ing system sensors was reduced from 5 /8 inch to 0 . 2 inch to minimi ze pre­
mature low propellant level indi cati ons due to sloshing such as had been 
experienced on Apollo 11 and 12 . 
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A.2.3 Instrumentation

Instr mentation changes in the ascent propulsion system included the

installation of a pressure transducer in each of the two helium tanks in

place of two tank temperature limit sensors which had been used for meas-

uring structural temperature. The added pressure transducers, in con-

junction with the primary pressure transducers already present, provided
redundancy in monitoring for leaks. Two temperature neasurements were

added to the ascent water tank lines to monitor structural temperatures
in place of the measurements deleted from the asdent propulsion system
helium tanks.

A descent propulsion system fuel ball valve temperature measurement

was added for postflight analysis purposes because of concern that damage
could result from heat soak-back into propellant lines after powered de-

scent.

A.2.h Displays and Controls

In the ascent propulsion system, the inputs from the feedline inter-

face pressure sensors to the caution and warning system were disabled.

Because of the low pressure at these sensors prior to system pressuriza-
tion, their inputs to the caution and warning system would have masked

the low-pressure warning signal from the helium tanks at critical points
in the mission.

Because of erratic indications given by the ascent propulsion system
fuel low-level indicator during preflight checkout, the indicator was dis-

abled to prevent master alarms.

The four reaction control system cluster temperature measurement

inputs to the caution and warning system were inhibited to prevent nuis-

ance alarms since it was determined that these measurements were no longer
needed.

An incorrect indication of the ascent stage gaseous oxygen tank l

pressure input to the caution and warning system was experienced during
preflight checkout. Therefore, the input to the caution and warning
system was disabled to prevent meaningless alarms.

A.2.5 Descent Propulsion

Anti-slosh baffles were installed inside the descent stage propellant
tanks and the diameter of the outlet holes for the propellant quantity gag

ing system sensors was reduced from 5/8 inch to 0.2 inch to minimize pre-
mature low propellant level indications due to sloshing such as had been

experienced on Apollo ll and 12.
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It was determined by test that the descent propulsion system fuel 
lunar dump valve would close under liquid flow conditions when installed 
in the normal flow direction and could not be reopened.  It was further 
determined that , by reversing the valve and installing an orifice upstream 
of the valve , it  would remain open under all expected liquid flow condi­
tions . Because of a possible requirement to vent the propellant tanks 
and the cryogenic helium tank under zero-g conditions , the valve was re­
installed in the reverse flow direction . 

The propellant quantity gaging system sensors were modi fied to in­
clude a metal split ring b etween the electronics package cover and the 
s ensor flanges .  This increased the clearance between the electronics 
package and cover to preclude the possibility of crushed wires due to 
improper clearance . 

A . 2 . 6  Ascent Propulsion 

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

A . 2 . 7  Environmental Control 

A muffler was added in the line at the outlet of the water-glycol 
pump assembly to reduce the pump noi se transmitte d  to the cabin through 
the water-glycol lines . The regulator band of the high-pres sure oxygen 
assembly was shifted to increase the regulated pressure from approximately 
9 50 psig to 990 psig, providing a higher recharge pres sure for the port­
able life support system and , thus , increasing its operating time for 
extravehicular activities . 

A .2 . 8  Crew Provisions 

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

Return stowage capability was provided for two additional lunar rock 
sample bags . 
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A.2.8 Crew Provisions

The flexible-type container assembly previously used for stowage in

the left hand side of the lunar module cabin was replaced with a metal

modularized container which was packed before being placed into the lunar

module.

Return stowage capability was provided for two additional lunar rock

sample bags.
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A . 3  EXTRAVEHICULAR MOBILITY UNIT 

The thigh convolute of the pre ssure garment assembly was reinforced 
to decrease bladder abrasion which had been noted on training suits .  
Also , the crotch pulley and cable re straint system was reconfigured to 
provide for heavier loads . 

The port able life support system was modified as follows . A c arbon 
dioxide sensor was added and assoc iated changes were made to provide 
telemetry of carbon dioxide partial pressure in the pre ssure garment as­
sembly . In addition , an ori fice was added to the feedwater transducer 
to  prevent freezing of  water trapped within the t ran sducer housing , which 
would otherwis e  result in incorrect readings . The oxygen purge system 
was modified by the deletion of the oxygen heater system because the oxy­
gen does not require preheating to be c ompat ible with crew requirements .  

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

A .  4 EXPERIMENT EQUIPMENT 

Table A-I list s  the experiment equipment c arried on Apollo 1 4 ,  
ident ifie s  the stowage locations o f  the equipment in  the lunar module , 
and reference s applicable Apollo mi ssion reports if e quipment has been 
de scribed previously . Equipment not carried on previous mi ss ions is de­
scribed in the following paragraphs . The two subpackage s of the Apollo 
lunar surface experiment s package are shown in figures A-3 and A-4 . 

A . 4 . 1  Act ive Seismic Experiment 

The active seismic experiment acquire s informat ion to help deter­
mine the physical properties of lunar surface and subsurface materials 
using artificially produced seismic wave s .  

The experiment equipment consist s  of three identical geophones , a 
thumper , a mortar package , a central electronics assembly , and inter­
connect ing cabling.  The geophone s  are electromagnetic devices which 
were deployed on the lunar surface to translate surface movement into 
electrical signals . The thumper is a device that was operated by one of 
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A.3 EXTRAVEHICULAR MOBILITY UNIT

The thigh convolute of the pressure garment assembly was reinforced

to decrease bladder abrasion which had been noted on training suits.

Also, the crotch pulley and cable restraint system was reconfigured to

provide for heavier loads.

The portable life support system was modified as follows. A carbon

dioxide sensor was added and associated changes were made to provide
telemetry of carbon dioxide partial pressure in the pressure garment as-

sembly. In addition, an orifice was added to the feedwater transducer

to prevent freezing of water trapped within the transducer housing, which

would otherwise result in incorrect readings. The oxygen purge system
was modified by the deletion of the oxygen heater system because the oxy-

gen does not require preheating to be compatible with crew requirements.

A new piece of equipment, the buddy secondary life support system,
was provided as a means of sharing cooling water from one portable life

support system by both crewmen in the event that one cooling system
became inoperative. The unit consists of a water umbilical, restraint

hooks and tether line, and a water-flow divider assembly.

A.h EXPERIM NT EQUIPMENT

Table A-I lists the experiment equipment carried on Apollo lb,
identifies the stowage locations of the equipment in the lunar module,
and references applicable Apollo mission reports if equipment has been

described previously. Equipment not carried on previous missions is de-

scribed in the following paragraphs. The two subpackages of the Apollo
lunar surface experiments package are shown in figures A-3 and A-M.

A.M.l Active Seismic Experiment

The active seismic experiment acquires information to help deter-

mine the physical properties of lunar surface and subsurface materials

using artificially produced seismic waves.

The experiment equipment consists of three identical geophones, a

thumper, a mortar package, a central electronics assembly, and inter-

connecting cabling. The geophones are electromagnetic devices which

were deployed on the lunar surface to translate surface movement into

electrical signals. The thumper is a device that was operated by one of



TABLE A-I . - APOLLO 1 4 EXPERIMENT EQUIPMENT 

Experiment Experiment equipment Stowage luca.tion in Apollo 14 lunar module number 

Apollo lunar surface experiment !Jack age :  
( 1 )  Fuel capsule for radioi s ot..;pe thennuelectric Sto...,ed i n  cask assembly mounted on exterior of 

generator qua.t.trant 2 
(2)  Subpack� 1 :  

( a )  Passive seismic experiments. S-031 Sdenti fie equipment ba,y - quadrant 2 
( b )  Active seismic experimt:nt S-033 Scienti fie equipment ba,y - quadrant 2 
( c )  Charged particle lunar envi ronment S-038 Sci enti fi c equi pment ba,y - quadrant 2 

experiment 
( d )  Central stat i on  fer command control : Sdentifi c equipment ba,y - quadrant 2 

Lunar dust detector M-515 

( 3 )  Subpactae:e 2 :  
( a )  Supratherma.l. i on  detector expe riment a S-036 Sci enti fic equipment ba,y - quadrant 2 
( b )  Cold cathode i oo  gauge S-058 Scientific equipment ba,y - quadrant 2 

Laser ranging retro-reflector experiment S-078 Mounted on exterior of quadrailt 1 

Lunar portable magnetometer experiment S-198 Mounted on exterior of quadrant 2 

Solar vind compos 1 tion ezperiment S-OBo fobdular equipment s towage assembly ... quadrant 4 

Lunar field geology : S-059 

(1)  Tools an d  containers Modular equipment stowage assembly - quadrant 4 

( 2 )  Cameras fobdula.r equipment stowage assembly and cabin 

( 3 )  Tool carrier Af!ollo lunar surface expe:riment subpac.ka.pe 2 -
quadrant 2 

( 4 )  Modular equipment transporter c t-bdula.r equipment s towage assembly - quadrant 4 

Lunar soil mecbani cs : S-200 

( l )  Tools and containers fobdular equipment stowage assembly - quadrant 4 
( 2 )  Cameras Modular equipment s towap;e asserr.bly and cabin 

( J )  Modular equiJDent transportl:' r c Modular equipment str�wa;e !lSsembly - quadrant 4 

�dified from A�'o1 L> 12 configura.t i oo .  
b

Similar t o  experiment :..:-C34 on Apollo 12 t  but di fferent equipnent used. 
cSee section A . 2 . 1  for des criJ.tion .  

Previous mission:> Mission 
report en which carried reference 

Apollo 12 • 1 3  Apollo l2 

Apollo 12 • 1 3  Apollo 12 

Apollo 13 Apollo 13 

Apollo 12 • 1 3  Apollo 12 

Apollo 12 Apollo 12 
Apollo 12 • 1 3  Apollo 12 

Apollo ll Apollo 11 

( b )  

Apollo 11 • 12 Apollo 11 

Apollo 14 ,  

Apollo 11, 12 • 13 Fig. A-2 

Apollo 1 1 ,  1 2  • 1 3  Fig. A-2 

Apollo 12 • 1 3  Fig. A-4 

Fig. A-i. 

Apollc 1 4 :  

Apollo 11 ,  12 • 1 3  Fig. A-2 
Apollo 11, 12 • 1 3  Fig. A-2 

Fig. A-2 

x
I

1

TABLE A-I .
- APOLLO 11| EXPERIMENT EQUIPMENT

Experiment Previous missions
Mission

Experiment equipment Stovage location in Apollo 11| lunar module _ _ reportnumber on which carried
reference

Apollo lunar surface experiment package: |
(1) Fuel capsule for radioisotope thermoelectric Stoued in cask assembly mounted on exterior of Apollo 12 i 13 Apollo 12

generator quadrant 2

(2) Subpackage 1:

(a) Pusive seismic experimnta S-031 Scienti fic equipment bw - quadrant 2 Apollo 12 & 13 Apollo 12

(b) Active seismic experiment S-033 Scientific equipment bay - quadrant 2

(c) Charged particle lunar environment S-038 Scientific equipment bw - quadrant 2 Apollo 13 Apollo 13

experiment
(d) Central station for command control: Scientific equipment bay - quadrant 2 Apollo 12 lu 13 Apollo 12

Lunar dust detector M-515

(3) Subpaclage 2:

(a) Supratbermal ion detector experiments S-O36 Scientific equipment bay - quadrant 2 Apollo 12 Apollo 12

(b) Cold cathode im gauge S-058 Scientific equipment bay - quadrant 2 Apollo 12 l 13 Apollo 12

Laser ranging retro-nflector experiment S-OTE Mounted on exterior of quadrant 1 Apollo ll Apollo ll

lunar portable lvgnetometer experiment Mounted on exterior of quadrant 2

Solar wind composition experiment Modular equipment stowage assembly - quadrant in Apollo 11 l 12 Apollo ll

lunar field gfolog: Apollo 114

(1) Tools and containers Modular equipment stowage assembly - quadrant U Apollo 11, 12 i 13 Fig. A-2

(2) Camru Modular equipment stowage assembly and cabin Apollo 11, 12 A 13 Fig. A-2

(3) Tool carrier Apollo lunar surface experiment subpackare 2 - Apollo 12 & 13 Fig. A-1|
quadrant 2

(JA) Modular equipment transporterc Modular equipment stowage assembly - quadrant 1| Fig. A-2

lunar soil mechanics: S-200 Apollc 11|

(1) Tools and containers ibdular equipment stowage assembly - quadrant la Apollo 11, 12 In 13 Fig. A-2

(2) Cameras Modular equipment stowage assembly and cabin Apollo 11, 12 I: 13 Fig. A-2

(3) Modular equipnent transport:-rc Hodular equipment stowage assembly - quadrant la Fig. A-2

þÿ ��M�o�d�i�f�i�e�dfrom Apollo 12 configuraticm.

bS1milarto experiment L5-C33 on Apollo 12, but different equipment used.

:See section A.2.1 for descrigtion.
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NASA-S-7 1-1710 
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the crewmen to provide sei smi c signals . The signals were generated by 
holding the thumper against the lunar surface at various locations along 
the line of the geophones and firing explosive initiators located in the 
base of the thumper . The mortar package consist s  of a mortar box assem­
bly and a grenade launch tube as sembly . The mortar box electronics pro ­
vi de for the arming and firing of rocket motors whi ch will launch four 
high-explo sive grenades from the launch tube assembly upon remote command. 
The monitor package is designed to launch the grenades to di stances o f  
5000 , 3000 , 1000, an d  500 feet . Signals sensed by the geophones are trans­
mitte d to  earth-based recorders . 

A . 4 . 2  Lunar Portable Magnetometer Experiment 

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

The experiment equipment consi st s  o f  a sensor head containing three 
orthogonal single-axis fluxgate sensor assembli es , an electroni cs and 
dat a display package , and a tripod.  The electroni cs package is  powered 
by mercury cells . The package has an on-off switch and a switch to s elect 
high and low meter range s  ( ±100 gammas and ±50 gammas ) .  The data display 
consists of three meters , one for each axi s .  

A . 5  MASS PROPERTIES 

Spacecraft mas s properties for the Apollo 14 mis sion are summari zed 
in table A-II . These dat a represent the conditions as determined from 
postflight analyses of expendable loadings and us age during the flight . 
Variations in command and service module and lunar module mass properties 
are determined for each signi fic ant mi ssion phase from li ft-o ff through 
landing . Expendables usage are based on reported real-time and post­
fli ght dat a as presented in other sections of this report . Th e  weights 
and center-of-gravity of the individual modules ( command , service , as cent 
stage , and de scent stage ) were measured pri or to flight and inertia values 
calculated. All changes incorporated after the actual weighing were mon­
itored , and the mas s properties were updated. 
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t he c r e w m e n t o provide se ismic signals. The signals w e r e generated by
holding t he thumper against t he l una r su r f ace a t va r ious l oca t ions along
t he l i ne o f t he geophones and f i r ing explosive i n i t i a to rs l o ca ted i n the

base o f t he thumper. The mor ta r package cons i s t s o f a mor ta r box a s s e m -

bly and a grenade l aunch tube assembly. The mor ta r box e lec t ron ics pro -
v ide f o r t he arming and f i r ing o f rocke t moto rs which w i l l l aunch f ou r

high-explosive grenades f r om the launch tube assembly upon remote command .

The mon i to r package i s designed t o l aunch the grenades t o d is tances o f

5000, 3000, 1000, and 500 f ee t . Signals sensed by t he geophones a r e t r ans

mi t ted t o ea r th -based reco rde rs .

A.h.2 Lunar Por tab le Magnetometer Exper iment

The l una r portable magnetometer w a s used to m e a s u r e t he magnet ic
f i e ld a t two l oca t ions along a t r ave rse o n t he l una r su r f ace . The m e a s -

u remen ts wi l l be used to de te rm ine the locat ion, strength and d imens ions

o f t he sou rce , and, i n turn, t o study bo th loca l and who le -moon geolog-
i ca l s t ruc tu re .

The exper iment equipment cons is ts o f a s e n s o r head containing t h ree

orthogonal single-axis f luxgate s e n s o r assembl ies, a n e lec t ron ics and

da ta display package, and a t r ipod. The e lec t ron ics package i s powered
by mercury ce l l s . The package has a n on -o f f sw i t ch and a sw i t ch t o se lec t

high and l ow mete r ranges ( i l00 gammas and i50 gammas). The da ta display
cons i s t s o f t h ree meters, o n e f o r each ax is .

A.5 MASS PROPERTIES

Spacecraf t m a s s propert ies f o r t he Apol lo l k miss ion a r e summar ized

in t ab le A- I I . These da ta represent t he cond i t i ons a s de te rm ined f r om

postf l ight analyses o f expendable loadings and usage dur ing t he f l ight .
Var ia t i ons i n command and serv i ce modu le and luna r modu le m a s s propert ies
a r e de te rm ined f o r each signi f icant miss ion phase f r om l i f t -o f f through
landing. Expendables usage a r e based o n repor ted rea l - t ime and post-
f l ight da ta a s presented i n o the r sec t i ons o f t h i s repor t . T h e weights
and center-of-gravi ty o f t he i nd i v idua l modu les (command,service, ascen t

stage, and descen t stage) w e r e measu red pr ior t o f l ight and i ne r t i a va lues

ca lcu la ted . Al l changes incorporated a f t e r t he ac tua l weighing w e r e m o n -

i tored, a n d t he m a s s propert ies w e r e updated.
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TABLE A-I I . - MASS PROPERTIES 

Center of gravity, in. Moment of inertia ,  slus-rt2 Product. of inertia, 
Weight ,  slug-ft2 

Event 
1b X y z 'xx 'TI 1zz IXY 1xz Iyz 

Command and se:rvice module/lunru- module 

Lift-off ill 120 . 3  847.5 2 . 2  3 .  7 66 304 1 183 929 1 186 165 4058 9 610 3622 

Earth orbit insertion 102 083.6 8<>7 .6 2 . �  � . 0  67 41!5 724 926 727 209 5759 ll 665 3610 

TrtUl.Sposition and docking 
Ccmn�d & service modules 64 386.0 934.1! �.0 6 . �  34 251 17 036 79 537 -1767 -370 30�T 
Lunar module 33 6119 . 2  1236 .7 - . 2  -. 3  22 533 24 350 24 949 -�66 63 233 

Total docked 98 037 . 2  1038 . 2  2.6 •.  1 57 071 537 537 540 506 -8211! -9915 3412 

�ret midcour5e correction 91 901.5 1038 . 3  2 . 6  � . 1  56 969 537 197 540 171 -8232 -9900 3440 

'\>econd midcourse correction 91 104.1 1038.9 2.6 �.0 56 547 535 756 539 024 -8223 -9647 3365 

�ar orbit insertion 91 033 . 1  1039 .0 2.6 �.0 56 �99 535 582 538 872 -8231 -9834 3364 

�scent orbit insertion 71 768.8 1081 .9 1 . 3  2 .  7 1.13 395 410 855 417 348 -5576 -5923 397 

Separation 70 162.3 1086 . .4 1 . 3  2 .  7 43 872 402 639 408 496 -.4664 -6279 290 

aCommand and service module 35 996.3 945.0 2 . 2  5 . 8  19 725 57 161 62 490 -1981 5�7 8� 
circularization 

8Col!lllland and service I!IOdule 35 610 . 4  9115.2 2 . 2  5 . 8  19 494 57 032 62 244 -1963 528 91 
plane change 

Docking 
Co11111and & service modulet� 311 125 .5 946 . 5  1 . 9  6 . 0  1 8  662 56 5911 61 218 -1872 �82 69 
Aacent stage 5 781 . 3  116 5 . 2  �.6 -2.3 3 3117 2 297 2 723 -117 -3 -352 

Total after do�king 
ABcent stt4!ie manned 39 906.8 978.2 2 . 3  , , 8  22 090 109 973 1111 958 -13111 -111411 -307 
Aacent stt4!ie unmanned 39 903.9 976 . 3  1.9 4. 9  2 1  910 105 741 110 695 -2009 -1038 -256 

After ascent stage jettison 3� 596.3 947 . 5  2 . 0  , ,  7 18 741. 57 0.30 61 66o -1772 309 58 

s.rransearth inJection 3� 551. .4 947 . 3  2.0 , ,  7 18 730 56 553 61 181 -1746 3�9 60 

s.rhird midcourse correction 24 631.9 975.3 -1.6 7. � 13 592 41 585 41 392 1�2 -492 -458 

Co11111and and service module 24 375 .0 975 - 7  -1.6 7 . 5  13 386 41 3114 111 190 138 -1!91 -399 
prior to separation 

Af'ter separation 
Service module 11 659.9 906 . 4  -3. 1  9 . �  7 459 12 908 13 280 -41 8 533 -359 
Command module 12 715.1 1039 . 2  - .2 5. 7 5 897 5 281 4 763 44 -373 -25 

Entry 12 703.5 1039 . 2  - .2 5 . 6  5 890 5 274 4 762 .. -371 -2� 

Main parachute deployment 12 130 . 8  1037. 6  - . 1  , . a 5 686 4 874 � 403 -� -320 -21 

Landing 11 481.2 1035.9 -.1 � . 8  5 501 4 1!57 4 083 35 -297 -8 

Lunar module 

lunar module at earth launch 33 651.9 184 .9 -.3 .o  2 2  538 21! 925 25 034 177 "'� 37� 

Separation 34 125.9 186.0 - . 3  . 6  2 3  939 26 112 26 073 178 722 378 

� .... ered descent initiation 31! 067 . 8  185.9 - . 3  . 7 23 901! 26 018 25 965 175 719 371 

Lunar landing 16 371.7 <?13.6 -.6 1.1 12 ·r5o 13 629 16 099 231 652 398 

Lunar li tt-off 10 179 . 8  243.9 .2 2 . 8  6 756 3 1!08 5 954 68 188 6 

Orbit insertion 5 911.8 257 . o  . 3  5 . 0  3 417 2 908 2 144 61 10� 5 

Terminal phase initiation 5 880.1 256.8 .� 5 . 1  3 400 2 899 2 123 61 105 6 

Docking 5 781.3 256.7 . � 5 . 2  3 347 2 878 2 055 61 105 8 

Jettison 5 307.6 258.2 . 2  1 . 7  3 126 2 771 2 056 6� 129 3 
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TABLE A-II.- MASS PROPERTIES

lb
X Y Z Ixx 1 In 1 þÿ ��z�z þÿ ��x�y Ixz In

Cmnnnd and service nodule/lunar nodule

Lift-Off 111 120.3 817 5 2.2 3.7 68 3010 1 153 929 1 186 165 10055 9 610 3622

xzsnn ann inaenmn 102 063.6 801.6 2.10 10.0 61 10105 1210 926 727 209 5759 11 665 3610

Trsnsposition and docking
Cmmand l service modules 61 355.0 931010 10.0 6.1 310 251 77 036 79 537 -1757 -370 30107
Lunar module 33 6119.2 1236 7 -.2 -.3 22 533 210 350 210 9169 -1066 63 233

Total docked 95 037.2 1035 2 2.6 10.1 57 077 537 537 5100506 -5.2110 -9915 3812

miivst midcoume correction 97 901.5 1035 3 2.6 10.1 S5 969 537 197 5100111 -8.232 -9900 310100

°Bec0nd midcaurse correction 97 1010.1 1038.9 2.6 10.0 56 5107 535 756 539 0210 -8223 -95117 3365

þÿ�&�»�l�l�'�0�! �Qlbit 1nBeYt1Q| 97 033.1 1039.0 2.6 10.0 56 1099 535 552 535 572 -8231 -95310 33610

alkscent orbit insertion 71 768.8 1051.9 1.3 2.7 103 395 1010 555 10173105 -5576 -5923 397

Separation 70 162.3 1086.10 1.3 2.7 103812 1002 639 1008 1096 -116510 -6279 290

atlommandand service module 35 996.3 9115.0 2.2 5-3 19 725 57 161 62 1090 -1981 5107 511
circularization

þÿ ��C�o�m�m�a�n�dand service module 35 610.10 9105 2 2.2 5.8 19 10910 57 032 62 21010 1963 528 91

plane change

BT16122006a service modules 310 125.5 9106 5 1.9 6.0 18 662 56 5910 61 215 -1612 1062 69
Ascent stage 5 751.3 1165 2 10.6 -2.3 3 3117 2 297 2 723 -117 -3 -352

Total after docking
Ascent. stage manned 39 906.5 975.2 2.3 10.5 22 090 109 973 1110 955 -13111 -1101011 -307

Ascent stage unmanned 39 903.9 976 3 1.9 10.9 21 910 105 7101 110 695 -2009 -1035 -256

After ascent stage Jettison 310596.3 9107.5 2.0 5.7 15 71111 57 030 61 660 -1772 309 58

þÿ ��1�-�.�.�.�.�.�.�.�.�m�.014.00061 31. 5510.10 9107.3 2.0 5.1 15 730 56 553 61 181 -11106 309 so

þÿ ��T�h�i�r�dmidcourse correction 210 631.9 975 3 1.6 7.10 13 592 101 565 101 392 1102 -1092 -1153

Command and service module 210 375.0 975 7 -1.6 7.5 13 386 101 31410 |01 190 138 -1091 -399
prior to separation

 11 659.9 906 10 3.1 9.10 7 1059 12 908 13 2w -1015 533 -359
command module 12 115.1 1039.2 -.2 5.1 5 597 5 251 10 163 1010 -313 -25

Entry 12 703.5 1039 2 -.2 5.6 5 590 5 271 1| 762 1010 -371 -210

Hsin parachute deployment 12 130.5 1037.6 -.1 5.8 5 686 10 5710 10 1003 1010 -20 -21

Lmaing 11 1151.2 1035.9 -.1 1.6 5 501 10 1051 10 083 35 -291 -B

XI.;
Iunsr nodule at earth launch 33 651.9 1810.9 -.3 .0 22 535 210 925 25 0310 177 10310 3710

Separation 310 125.9 156.0 -.3 .6 23 939 26 112 26 073 1.75 722 375

°'P0:Nereddescent initiation 310 067.5 155.9 -.3 .7 23 9010 26 018 25 965 175 719 371

lunar landing 16 371.7 213.5 -.6 1.1 12 750 13 629 0.6 099 231 652 398

lunar 11n-6rr 10 779.5 2103.9 .2 2.5 6 156 3 1008 5 9510 68 135 6

Orbit insertion 5 917.5 257.0 .3 5.0 3 1417 2 905 2 11610 61 101| 5

Teminal phase initiation S 580.1 256.5 .10 5.1 3 1000 2 899 2 123 61 105 6

Docking 5 751.3 256.7 .10 5.2 3 3107 2 575 2 055 61 105 5

Jettism 5 307.6 258.2 .2 1.7 3 126 2 771 2 056 610 129 3

þÿ ��A�cignition
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APPENDIX B - SPACECRAFT HISTORIES 

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

The history of the lunar module ( LM-8 ) at the manufacturer' s  facil­
ity , Bethpage , New York , is shown in figure B-3 , and the operations at 
Kennedy Space Center, Florida , in figure B-4 . 

NASA-S-71-1711 

-

1969 

.Integrated systems test 

-Data review 

• - - Modifications and retest 

- -Apollo 10 and ll miss oon support 

I Demate 

November 

Command module 

F ina I installations and checkout - - • 1 1 1  
Weight and balance I 
Preshipment inspection I 

Preparation for shipment and ship . [F mal mstallat10ns and checkout 

Servtce module Preshipment inspection I 
Preparat1on for shtpment and shtp-

Figure B-1 . - Checkout flow for Command and service modules at 
contractor ' s  facility . 
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APPENDIX B - SPACECRAFT HISTORIES

The history of com and and service module (CSM 110) operations at

the manufacturer's facility, Downey, California, is shown in figure B-l,
and the operations at Kennedy Space Center, Florida, in figure B-2.

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

ity, Bethpage, New York, is shown in figure B-3, and the operations at

Kennedy Space Center, Florida, in figure B-M.
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Integrated systems test

Data review

_ _ _ _ Modifications and retest

2 -Apollo 10 and 11 mission supput

Demate

Final installations and checkout I 2 I l  
Weight and balance

Command module

Preshipment inspection I
Preparation for shipment and ship !

Final installations and checkout

Service module Preshipment inspection.
Preparation for shipment and ship,

 @ þÿ�~�° ��°�"�~�°�f�~

_
2

þÿ �

I

I

Figure B-l.- Checkout flow for Command and service modules at

contractor's facility.
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NASA -S -71-1712 

1970 1971 

January 

water/glycol spi l l  cleanup and equipment replacement (see note 2) 

• •••• Equipment installation and retest 

I • Altitude chamber tests 

Cryogenic and return en hancement modifications and retest 

Notes: 

Spacecraft/launch vehicle assembly. 
Move space vehicle to launch complex I 

Sector 4 cryogenic shelf installation I 
Space vehicle systems and f light readiness tests 

1. Command and service modu les 
delivered to Ken nedy Space 
Center on November 19, 1969 

Spacecraft propulsion leak checks and propellant loading I • 

2. Spi l l  resulted from hole accidentally 
punched in cold plate during insta l l ­
ation of new inertial measurement 
unit on Apri l 14, 1970 

Cou ntdown demonstration test . 
Cou ntdown 

Launch 

Figure B-2 . - Command and servi ce module checkout history at 
Kenne dy Space Center.  
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Manufacturing. cold flow I, and preparations for s ubsystems testing 

Mated subsystems test i ng 

Manufacturing, cold flow 11, and electrica l preparations for 
final engineering and evaluation acceptance test 

- Mated crew compartment fit and function checks 

Final engineering and evaluation acceptance test 

Cold flow ill and modifications-
Mated retest 

Preparation for sh ipment and ship-

Figure B-3 . - Checkout flow for lunar module 
at c ontract or' s faci li ty .  
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NASA-S-7 1 - 1 7 1 4  

1 9 7 0  1 9 7 1  

December January 

Equipment insta l l ation and checkout 

• Altitude chamber run < Prime crew) 

- Modifications and retest 

I Landing gear instal lation 

Install in s pacecraft/ launch vehicle adapter I 
System verif ications and flight readiness tests-

S pacecraft propu ls ion leak checks and pro pe l lant loading I • 
Countdown demonstration test . 

Ascent stage del ivered to Kennedy 
Space Center on November 2 1 ,  1969; 
descent stage del ivered on November 
2 4 ,  1 969 

Figure B-4 . - Lunar module che ckout history at 
Kennedy Space Center. 

Countdown 

B-3

NASA-S-71-1714

1970 1971

-Altitude chamber runs (Prime and backupcrews)

Equipment installation and checkout

!A|titude chamber run (Prime crew)

_ Modifications and retest

l

'Landinggear installation

Install in spacecraft/launch vehicle adapter'

System verifications and flight readiness tests

Spacecraft propulsion leak checks and propellant loading I !

Countdown demonstration test-

Ascentstage dehveredto Kennedy Countdown
Space Center on November 21, 1969;
descent stage delivered on November Launch
24,1969

Figure B-1t.- Lunar module checkout history at

Kennedy Space Center.
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APPENDIX C - POSTFLIGHT TESTING 

The command module arrived at the Lunar Re ceiving Laboratory , Houston , 
Texas , on February 22 , 1971 , after reaction control system deactivation 
and pyrotechni c s afing in Hawai i .  At the end of the quarantine period , 
the crew equipment was removed and the command module was shipped to the 
contractor ' s  facility in Downey , Cali fornia,  on Apri l 8 .  Postfli ght test­
ing and inspect i on of the command module for evaluation of the inflight 
performance and investigat ion of the flight irregulari ties were conducted 
at the contractor ' s  and vendor ' s  faci lities and at the Manned Spacecraft 
Center in accordance with approve d Apollo Spacecraft Hardware Utilization 
Requests (ASHUR ' s ) .  The tests performed as a result of inflight problems 
are des cribed in t able C-I and di s cus sed in the appropri ate systems per­
formance secti ons of this report . Tests being conducted for othe r pur­
pos es in accordance with other ASHUR ' s  and the basi c contract are not 
included. 
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APPENDIX C - POSTFLIGHT TESTING
 i

The command module arrived at the Lunar Receiving Laboratory, Houston

Texas, on February 22, 1971, after reaction control system deactivation

and pyrotechnic safing in Hawaii. At the end of the quarantine period,
the crew equipment was removed and the command module was shipped to the

contractor's facility in Downey, California, on April 8. Postflight test-

ing and inspection of the command module for evaluation of the inflight
performance and investigation of the flight irregularities were conducted

at the contractor's and vendor's facil it ies and at the Manned Spacecraft
Center in accordance with approved Apollo Spacecraft Hardware Util ization

Requests (ASHUR's). The tests performed as a result of inflight problems
are described in table C-I and discussed in the appropriate systems per-
formance sections of this report. Tests being conducted for other pur-

poses in accordance with other ASHUR's and the basic contract are not

included.



TABLE C-I . - POSTFLIGHT TESTING SUMMARY 

ASHUR no . Purpose Tests performed 

Environmental. Control 

ll0016 To investigate the h i gh oxygen flow rate Perform predelivery acceptance test on the 
noted on several ace as ion s .  urine receptacle assembly vent valve . 

110029 To determine the cause of di ffi cul ty in Perform inspection and fit and functional 
inserting water buffer ampuleS into t h e  tests . 
injector. 

110030 To determine the cause of slight leak- Perform leak test and fai lure analysis . 
age of the oxygen repressurization 
packaa:e . 

ll0040 To inves tigate the leak at the food Perform f'u.D.ctiona.l and lea.kaa:e tests . 
preparati on water port . 

110046 To investigate apparent freezing of the Perform continuity and res istance tests 
urine dump nozzle . of the urine nozzle heater circui try . 

Structures 

110005 To determine the cause cf the capture Perform inspect i on ,  fUnctional tests , and 
latch engagement preble� jur i ng  trans- te ardown of the docking prob e ,  
pos i t i on docking. 

Guidance and Navigati on 

110026 To investigate the apparent fai lure of Perform fUnctional tests and failure 
the entry mon i t c r  system .05g sensing analysis . 
fUnction during en t ry .  

El.ectri c al  Power 

ll0033 To determine the cause of power remain- Perfonn continuity and electrical tests 
ing on the main buses after the main to isolate caus e .  
bus switches were pos i t i oned off during 
ent ry .  

110045 To determine the cause of poor VHF voice Perform system test io command module and 
communi cations between the lunar module perform bench tests 00 VHF hardware . 
and the command module . 

Results 

Tbe leakage vas slightly higher tban 
allowed ,  but not significant enougb 
to cause a problem vitb the valve in 
the clOBed pos ition . An open vent 
valve produces the observed h igb flow. 

Insertion of one buffer ampule re-
qui red exces s i ve torque and a leak 
developed at a fold in the bag vall. 
Test not complete. 

The leakage rate vas vi thin sped fi-
cat i on .  

The hot water port leaked ini t ial l.y  
in the test , then, no further leak-
aa:e oc curred. Test not complete. 

The electric c ircuitry resist8Jlce 
readings were normal . 

Test not complet e .  

The entry monitor system f'u.D.ctioned 
normally . 

Motor switch Sl failed. The main 
bus B-battery C ci rcuit breaker vas 
intenni ttent in the closed pos i t i o n .  
Foreign particles were found o n  t h e  
motor svi tch 
depos it  vas 
the c i rcuit 
plete. 

commutator. A hard 
found on a contact of 
breaker . Test not com-

Readings obtained in spacecraft test 
were normal, Test not comple te . 

() I f\) 
TABLE C-I.- POSTFLIGHT TESTING SUMMARY

ASHUR no . Purpose Tests performed Results

110016

110029

110030

1100140

1100146

110005

1100|4§

To investigate the high oxygen flow rate

noted on several occasions.

To determine the cause of difficulty in

inserting water buffer ampules into the

injector.

To determine the cause of slight leak-

age of the oxygen repressurization
package.

To investigate the leak at the food

preparation water port .

To investigate apparent freezing of the

urine dump nozzle.

To determine the cause cf the capture
latch engagement proble.. during trans-

position docking.

the entry monitcr system .05g sensing
function during entry.

ing on the main buses after the main

bus switches were positioned off during
entry

Environmntal. Control

Perfom predelivery acceptance test on the

urine receptacle assembly vent valve.

Perform inspection and fit and functional

tests.

Perform leak test and failure analysis.

Perform functional and leakage tests.

Perform continuity and resistance tests

of the urine nozzle heater circuitry.

Structures

Perform inspection, functional tests, an

teardown of the docking probe.

Guidance and Navigation

analysis .

Electrical Power

Perfom continuity and electrical tests

to isolate cause.

To determine the cause of poor VHF voice Perform system test in command module and

communications between the lunar module perform bench tests on VHF hardware.

and the comand module.

The leakage was slightly higher than

allowed, but not significant enough
to cause a problem with the valve in

the clwed position. An open vent

valve produces the observed high flow

Insertion of one buffer mnpule re-

quired excessive torque and a leak

developed at a fold in the bag wall.

Test not complete.

The leakage rate was within specifi-
cation.

The hot water port leaked initialh
in the test, then, no further leak-

age occurred. Test not complete.

The electric circuitry resistance

readings were normal.

Test not complete

noxmally .

bus B-battery C circuit breaker was

intemittent in the closed position.
Foreign particles were found on the

motor switch commutator A hard

deposit was found on a contact of

the circuit breaker. Test not com-

plete.

Readin@ obtained in spacecraft test

were normal. Test not complete.

d .

"E

110026 To investigate the apparent failure of Perfom functional tests and failure The entry monitor system functioned

To determine the cause of power remain- Motor switch Sl failed The main



ASHUR no . 

110006 
110503 

110009 

110010 
110051 

110017 

110019 

110020 

110027 

TABLE C-I . - POSTFLIGHT TESTING SUMMARY - Concluded 

Purpose Tests performed Results 

Crev Equipment 

To determine the cause of the lunar topo- fupli cate camera failure and perform failure A failed transistor vas found in the 
graphi c camera failure . analysis . Perform fUncti onal test of the shutter control circuitry . .  An alu-

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

To investigate the cause of tbe .IJ.mar Perform response tests on the dosimeter at The dosimeter vas inoperative at the 
ttldule Pilot ' s  persooal radiation dos i- d.i fferent dose rates . lowest dose rate due to loss of sensi-
llll!ter not updat 1 Jl8 .  tivity . The dosimeter read.i.ne;s vere 

within tolerance at other dose rates . 

To invt:atigate operat icaal di fficulties Inspect gloves for possible vrist cable Ro vri s t  cable damaee vas fotm.d. The 
experienced vith the Lunar ttld.ule Pilot ' s  � .  Perform pressure garment as sembly problem vas duplicated in a test vith 
right ertravehicular &lo"R . evaluation of suited pressure vith .I.Unar the Lunar MJdule Pilot sui ted. Test 

M:>dule Pilot . not complete . 

To inftatia:ate the apparent high leak Perform pres sure garment as sembly leak rate The leak rate vas nominal . 
rate of the .IJ.mar JtJdule Pilot ' •  pressure test. 
garment uaellbly .  
To investigate loos ening of the 70-11111 Examine fit of the handle to the camera and Test not complete . 
camera haDdl.e on the ll.Dlar surface . bracket . 

To investigate occasiaoal double eye! i ng Perform functional tests and teardovn The intervalometer t\mctioned properly , 
of the 70-.-. camera intervalometer. analysis . but vas incompatible with camera motor 

characteri stics . 

To investigate inter.dttent voice com- Perform functional tests and fai lure anal- The electrical harnesses performed 
munications rrca the CollmaDder. ysis of constant vear garment electrical normally. 

harnesses . 

0 
I 

w 

| 1

TABLE C-I.- POSTFLIGHT TESTING SUMMARY - Concluded

SHUI! no . Purpose Tests performed Results

110006
110503

110009

11CX)10

110051

110011

110019

110020

110021

To determine the cause of the lmar topo
graphic camra failure.

To investigate the cause of the lunar

lbdule Pi1ot's peramal radiation dosi-

nter not updatllg.

To investigate operatlmal difficulties

experienced with the Lunar lbdule Pilot'

right extravehieular glove.

To investigate the apparent high leak

rate of the lunar lbdule þÿ�P�i�1�o�t ��|pressur

gartnt assembly.

To investigate loosening of the T0-u
csmrs handle on the lmar surface.

To investigate occasimal double cycling
of the 70--1 camera intervalometer.

To investigate intermittent voice com-

munications frm the Cnmamder.

Crew Equipment

mpli cate camera failure and perform failure

analysis. Perform functional test of the

electrical power cable.

Perform response tests on the dosimeter at

different dose rates.

Inspect gloves for possible wrist cable

damage. Perform pressure garznt assembly
evaluation of suited pressure with Lunar
lbdule Pilot.

Perform pressure garment assembly leak rate

test.

Examine fit of the handle to the camera and

bracket.

Perform functional tests and teardown

analysis.

Perform Functional tests and failure anal-

ysis of constant wear garment electrical

hamesses.

A failed transistor was found in the

shutter control circuitry._ An alu-

minum sliver was found in the trans-

istor.

The dosimeter was inoperative at the

lowest dose rate due to loss of sensi-

tivity. The dosimeter readings were

within tolerance at other dose rates.

lo wrist cable damage was found. The

problem was duplicated in a test with

the Lunar lbdule Pilot suited. Test

not complete.

The leak rate was nominal.

'resz not complete _

'I'he intervalometer functioned properly,
but was incompatible with camera motor

characteristics .

The electrical harnesses performed

normally.



D-1 

APPENDIX D - DATA AVAILABILITY 

Tables D-I and D-II are summaries of  the data made available for 
systems performance analyses and anomaly investigations . Table D-I lists 
the dat a  from the command and service modules ,  and table D-II , the lunar 
module . For additional information regarding data availability , the 
status listing of all mission data in the Central Metri c Data File , 
building 12 , MSC , should be consulted. 
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APPENDIX D - DATA AVAILABIL ITY

Tab les D- I and D- I I a r e summar ies o f t he da ta made ava i l ab le fo r

systems performance analyses and anomaly invest igat ions. Tab le D- I l i s t s

the da ta f r o m t he command and serv i ce modules, and tab le D-I I , t he luna r

modu le . Fo r add i t i ona l i n fo rma t ion regarding da ta avai labi l i ty , t he

s ta tus l is t ing o f a l l miss ion da ta in the Cen t ra l Me t r i c Da ta Fi le,
bui ld ing 12, MSC, shou ld be consu l ted .
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TABLE D-I . - COMMAND AND SERVICE MODULE DATA AVAILABILITY 

Time , hr :min 
Range 

Bandpass 
Computer 

Oscillo-
Brush 

Special 
Special 

plots Bilevels graph plots 
From To 

station 
or tabs 

words 
records 

records 
or tabs 

programs 

-04:00 00 : 30 ALOO X 
00:00 0 0 : 10 MILA X X X X ·X X 
00 :02 00 :14 BDA . X  X X X 
00 : 48 03:15 M>m X X X 
01 :28 0 1 : 4 4  GOO X X 
02 : 2 5  02:34 GDS X X X X X 
02 : 49 0 3 : 49 GDS X X X X X 
0 3 : 05 12 :00 M>m X 
0 3 : 14 06:21 M>m X X X 
0 3 : 4 7  04 :47 GOO X X X X X X 
0 4 : 4 5  05 : 45 GDS X X X X X 
05 : 4 3  06 : 45 GDS X X X 
C6 : 40 07 : 41 GDS X X X 
07 :18 10 : 36 M>m X X X 
07 : 40 08 : 39 GOO X X X 
08:37 10 :35 GOO X X 
10 : 36 1 4 : 3 5  M>m X X X 
10 : 50 1 3 : 46 HSK X X 
14 : 51 17 : 5 3  M>m X X X 
15 :10 15 :14 MAD X X 
16 :07 16 :20 MAD X 
17 : 07 19 : 09  MAD X 
1 8 : 07 22 : 49 r-Em X X X 
19 :08 2 3 : 09 MAD X 
20:07 21 : 09  MAD X 
22 : 49 2 6 : 56 MSm X X X 
23 : 08 24 : 09  MAD X 
23 : 50 24 : 50 GDS X 

27 :04 30 : 59 r-Em X X X 
29 : 37 30 : 37 GOO X X 
30 : 00  31 : 00  r-Em X X 

30 : 00  30 : 37 GOO X X 

30 :30 31 : 00 GDS X X X X X X 

31 :01 34 : 5 1  1-EFN X X X 
34 : 00  35 : 28 GDS X 

34 : 54 38 :57 1-Effi X X X 
39:00 4 2 : 5 3  r-Em X X X 
42 : 5 3  4 7 : 00 r-Em X X X 
46 : 4 8  48:26 GOO X 

49:21 51 : 19 GDS X 
50 :40 54 : 50 r-Em X X X 
5 5 : 01 5 8 : 46 1-Effi X X X 
5 8 : 48 62 :54 1-EFN X X X 
59 : 00  61:00 GOO X 

59 : 00  61 : 00 1-EFII X X 

6o : 57 61:19 GOO X X X X X 

6 3 : 00  67:20 1-Effi X X X 
64 : 00  66 : 00  1-EFII X 

6 5 : 49 66:49 MAD X 
67 : 28 69 : 18 f.EF11 X X X 
67 : 49 69 : 49 MAD X 

69 : 45 70:54 r-Em X X X 
69 : 49 71:49 MAD X 

70 :55 75 :04 r-Em X X X 
71 :49 72 : 49 MAD X 

7 5 : 10 78:42 It> HI X X X 

76 :25 77:25 GDS X X 
76 :40 77:00 GOO X X X X 

76 : 57 77:02 GDS X X X X X 

78:20 78:42 GOO X 

79 :40 82:51 M>m X X X 

81 :15 82:04 GOO X X X 

81 : 44 82:04 HSK X X X X X X 

82 :02 82:20 IISK X X X 

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

Time, hr :min Bandpaas Oscillo- Special

Runge plots Bnevels Computer
graph

Brush
plots

Special

From To
"at on

or tabs
þÿ ��m�r�d�s

records
records

or tabs Pr°5"'"

-05:00 00'30 ALIIS X

00:00 00:10 MILA X X X X

00:02 00 15 BDA X X X

00:58 03:15 IBFN X X X

01:28 01:55 GIS X X

02:25 02:35 GDS X X X X

02:59 03:59 GDS X X X X

03:05 12.00 IBFN

03:15 06:21 DSR! X X X

03:57 05:57 CIE X X X X

05:55 05 55 GDS X X X X

05:53 06 55 GDS X X X

06:50 07 51 GDS X X X

07:18 10 36 asm x x x

07:50 08 39 CIE X X

08:37 10 '35 GW X X

10:36 15:35 |BFN X X X

10:50 13:56 HSK X X

15:51 17 53 FSH! X X
'

X

15:10 15.15 MAD X X

16:07 16~20 MAD X

17:07 19 09 MAD

18:07 22 59 ESPN X X X

19:08 23 09 MAD

20:07 21 09 MAD X

22:59 26 56 Msn: x x x

23:08 25 09 MAD

23:50 25 50 GDS

27:05 30 59 HBH X X X

29:37 30 37 G15 X X

30:00 31 00 :SPN

30:00 30 37 GIS X

30:30 31 00 GDS X X X X

31:01 35 51 )SI"N X X X

35-00 35 28 GDS

35:55 þÿ�3�8 ��5�7 :SPN x X x

39:00 52 53 !6FN X X X

52:53 57 00 IBFN X X X

56:58 58.26 GDS X

59:21 51 19 GDS X

50:50 55 50 QSFN X X X

55:01 58'56 PSF!! X X X

58:58 62 55 PSF!! X X X

59:00 61 00 G15

59:00 61 00 PSF!!

60:57 61.19 GIS x x X

63:00 67:20 lSF!| X X X

65:00 66 00 ISF!!

65:59 66:59 MAD X

67:28 69 18 DBF! X X X

67:59 69:59 MAD

69:55 70:55 ISFN X X X

69:59 71:59 MAD

70:55 75:05 FSH! X X X

71:59 72:59 MAD

75:10 78:52 IBF!! X X X

76:25 77:25 GDS X X

76:50 77:00 G15 X

76:57 77:02 GDS X X X X

78:20 78:52 GIS X

79:50 82:51 FSH X X X

81:15 82:05 CIE X X X

81:55 82:05 HSK X X X X

82:02 82:20 ISK X X X
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TABLE D-I . - COMMAND AND SERVICE MODULE DATA AVAILABILITY - Continued 

Tiae ,  hr:min 
Hange 

Bandpass 
Computer 

Oscillo- Brush Special 
Special 

station 
plots Bilevels 

vords 
graph 

records 
plots 

From To or tabs records or tabs 
progr8JTL!j 

82 ,14 82,44 GOO X X 
82 , 39 83 , 4 3  GDS X X 
8 3 : 02 87:17 f.EFN X X X 
84 :23 85:12 GDS X 
85 :10 86 : 09 HSK X X X 
86 :10 90 :50 f.EFN X X X 
86:10 86 : 5 3  HSK X X X X 
88:25 89 : 35 f.EFN X X X 
88:26 89 : 34 MAD X X X X 
89 : 42 90 : 2 3  MAD X X 
90 : 00  101:00 f.EFN X X X 
90 : 20 91 : 28 MAD X 
9 1 : 00 9 4 : 59 f.EFN X X X 
94 : 10 95 : 18 MAD X 
9:. ; 59 9 8 : 40 f.EFN X X X 
96 :01 9 7 : 11 GDS X 
9 7 : 5 5  98:20 GDS X X 
98:04 98:12 GDS X X 
98:19 99 :05 GDS X 
9 8 : 40 102 :42 f.EFN X X X 
9 8 : 52 9 8 : 55 GDS X X 
99 :49 100 :59 GDS X 
99 : 52 100 :04 GDS X 

102:00 102 : 54 GDS X X X 
102 : 42 108 : 36 f.EFN X X X 
103 : 38 104 :25 GDS X X X X X 
104 :2 3  104 : 47 GDS X 
104 : 47 105 : 30 GDS X X X X X 
105 : 31 106 : 47 GDS X 
106 : 44 108 : 42 f.EFT< X X X 
107 :25 108 : 4 3  GDS X 
108 :42 110 :42 MSFT< X X X 
108 : 42 109 : 30 HSK X 
110 : 41 114 : 36 K)flj X X X 
111 :20 112 : 08 f.!A[) X 
114 : 5 4  118 : 37 MSFN X X X 
116 : 32 118 : 32 MAD X X X X X X 
118:31 122 : 31 I£FN X X X 
119 :02 120 :32 MAD X 
120 ,02 120 :32 MAD X X 
120 : 5 5  122 : 5 3  GDS X 
122:31 126 :28 MSFT< X X X 
123 : 15 124 : 49 GDS X 
125 :15 126 : 30 GDS X 
126:28 129 :38 I£FT< X X X 
127 :15 128 :25 GDS X 
129:10 129 :40 GDS X 
129 : 26 130 :40 GDS X X X 
129 :42 130 : 10 GDS X 
131:00 1 32 : 00 MSFT< X X X 
131 : 00  131 : 35 GDS X 
131:12 135 : 58 I£FT< X X X 
131 : 3 3  1 32 : 34 GDS X X X X 
133 :29 134 :24 GDS X X X 
134 :22 135 :10 HSK X 
135 :08 135 : 12 HSK X 
135 : 09  136 : 20 HSK X 
136 : 19 138 : 46 I£FT< X X X 
136 :20 138:14 HSK X X 
139 :05 14 3 : 49 f.EFT< X X X 
139 :05 139 :45 MAD X X 
141 : 40 142 : 18 MAD X X 
142:10 14 3 : 00 MAD X X X X 
142 : 14 146 :05 MSFT< X X X 
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TABLE D-I.- COMMAND AND SERVICE MODULE DATA AVAILABILITY - Continued

Tile, hrzldn
Range

Prom To
station

82~11: 82:1:1: cm

82 39 83 1:3 cns

83 02 87:17 mm

81: 23 85:12 ons

85-10 86-09 HSI(

86.10 90.50 mn:

86:10 86:53 Hsu
88 25 89 35 mn!

88 26 89 31: mm

89 |42 90 23 MAD

90 00 101:00 161111

90 20 91 28 mu;

91 00 91: 59 Msn:

91: 10 95 18 MAD

91: 59 98 1:0 mm

96 01 9T ll ons

97:55 98.20 GDS

98:01: 98 12 cbs

98:19 99:05 cw

98 1:0 l02.||2 mn!

98:52 98:55 uns

99 |19 100-59 um

99 52 100.01: uns

102:00 102 51: uns

102 1:2 108 36 Msm

103 38 101: 25 uns

101: 23 101: 1:7 ans

101: 1:1 105 30 cns

105 31 106 1:1 ans

106 1:1: 108 1:2 mm

107 25 108 1:3 Gus

108 1:2 110 1:2 Msn:

108 1:2 109 30 Hsx

110 1:1 11|: 36 :sm

111 20 112 08 MAD

11|: 51: 118 37 Msn:

116-32 118 32 MAD

118 31 122 31 Msn!

119 02 120.32 MAn

120 02 120.32 MAD

120 55 122:53 cus

122:31 126 28 msn:

123 15 121: 1:9 ans

125 15 126 30 cus

126 28 129 38 11551:

127 15 128 25 cus

129 10 129 1:0 uns

129 26 130 1:0 00s

129 1:2 130 10 uns

131:00 132.00 :sm

131:00 131 35 ans

131:12 135 58 Msn:

131 33 132:39 GDS

133-29 131: 21: uns

13|1 22 135.10 Hsu

135.08 135 12 Hsx

135-09 136 20 Hsx

136 19 138 1:6 Msn:

136.20 138.11: Hsu

139 05 l|:3 |19 ESPN

139 05 139 1:5 MAD

l|Jl 1:0 11:2 18 MAD

11:2:10 1|:3 00 MAD

11:2 11: 1|:6.05 msn:

B3ndP355 0SCi.11D- Spgclgl
plots |Bilevela graph

Brush
P1055

Sv°°1°1

or

X X

X X X

X

X X

X

X

X X X

X X

X X X

X X

X X

X X

X X X

f-Bb!
words

records
records

or tabs Program;

X X

X X

X X X

X

X X X

X X X

X X X X

X X X

X X X X
X X

X X X

X

X X X

X

X X X

X

X X

_ X X
X

X X X

X X

X

X
X X A

X X X

X X X X X

X

X X X X X

X

X X X

X

X X X

X

X X

X

X X X

X X X X X X

X X X

X

X X

X

X X X

X

X

X X X

X

X

X X X

X

( X X

X

X X X

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

Time � hr:min 
Range 

Bandpass 
Computer 

Oscillo-
Brush 

Special 
Special 

station 
plots Bilevels 

words 
graph 

records 
plots 

From To or tabs records o r  t abs 
programs 

14 3 '  31 144 ' 10 MAD X X X X X 
1 1< 4  : 12 145 , 08 GDS X X X X 
1 4 5 , 1 3  146 , 1 4  MAD X X X 
146 ,05 150 ' 5 4  l>t3FN X X X 
146 ' 56 147 , 5 5  GDS X X 
1 4 8 , 10 1 4 8 , 50 GDS X X X X X 
151 ,14 15 4 , 52 l>t3FN X X X 
154 , 56 1 58 '  57 l>t3FN X X X 
159 , 08 162 ' 56 lliFN X X X 
162 , 40 164 , oo lliFN X 
162 , 58 166,07 lliFN X X X 
165 ' 17 166 , 1 8  MAD X X X X X X X 
166,oo 176,00 l>t3FN X X X 
166 , 1 8  167,18 MAD X X 
166 , 47 170 ' 53 l>t3FN X X X 
167 ,00 168,18 MAD X X 
167 ,23 168 ' 03 MAD X 
168 , 18 169 , 19 MAD X X 
169 , oo  169 ,20 MAD X X 
169 , 17 110 ,oa MAD X X X X 
170 ' 57 174 , 4o MSFN X X X 
171 ' 05 174 ,o4 GDS X X 
174 , 01 175 , 59 GDS X 
175 , 09 178 , 56 MlFN X X X 
175 ' 58 178, 52 GDS X 

179 , 05 182 , 52 MSFN X X X 
179 ' 50 184 , oo  HSK X 
183 , 05 186 ' 52 MSFN X X X 
187 ,o2 188,62 MlFN X 
187 ,25 190 , 54 MSFN X X X 
190 ' 54 194 ' 49 MlFN X X X 
194 ' 49 198 ,46 MlFN X X X 
199 , Q6  203,02 MlFN X X X 
20 3 , 11 206 : 50 MlFII X X X 
207 : o6  210 : 52 MSFN X X X 

210 : 48 211 : 48 HSK X X 

211 :11 214 : 49 MlFN X X X 

214,17 215 : o6 CRO X X 

215 : 04 215 : 46 CRO X X X 

21 5 :08 215 :43 MlFN X X X 

215 : 08 215 : 44 ARIA X 

215 :31  215 : 51 HSK X 

215 :37 216,07 DSE X X X X X X X 

I)-M

T1me hr m1n
Rm E

Bandpass C t8
plots B11eve1s ompu er

From
stat1on

tabs
words

1

1

1

1

1

1

1 1

1

1

1 2

1 2

1

1

1

1

1

1

1

1 1:

1

1

1

1

1

1

1 0

1

1

20

20

210

211

215:
21

21

21

215

215
31

:3T

1

1

1

1 0

1

1

1

1

1 2

1

1

1

1

1 0

1

1

1

1

1 0

1

1

1

1

1

1

1

1 0

1

1

203:

20

210

211

21

1

1

21

1

21

216:

~ 51
OT

MA

GDS

DISFN

ll5FN

DISFI

)¢SFF

l&3Fl

)l5FN

MA

I5F1¥

GDS

IISFN

DS

ll5FN

HS

M PN

IISFI

M FI

IISFH

IISFI

IISFH
'

IISFI
!¢SFl

HSI(

IIS!!

IISPN

ARI]

HSK

Ilili X X X

0SC111O

graph
records

Brush SpfslalSPGCIBI
rucords

p

tais Programs

X X

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

To lor I IIIIIIIIIIII|||!||||||||l!|||||||||||||||||||
1»3:31 1»h:10 D x x x x x

a.h:12 115:08 x x x x

h5:13 h6:1h MAD x x x

U6:05 5 :Sh X X X

116:56 1»7=55 GDS x x

1o8:10 118:50 cus x x x x x

5 :llc 554:52 X X X

51»:56 58:57 x x x

59:08 6 :56 x x x

6 :MO 6h:00
6 :58 66:07 x x x

65:11 66:18 D x x x x X

66:00 16:00 X

166:18 167:18 MAD x x

66:1»7 7 :53 x x
'

x

61:00 68:18 X X

61:23 68:03
68 18 69 19 x x

69 00 69 20 x x

169 11 7 08 x x x x

110 51 17h ho | x x x

1 05 'fb on | cus x

Th 01 15 59 | x

15 09 T8 56 x x x

115 58 18 52 G X

T9 05 82 52 x x x

19 50 8h 00 K x

83 05 186 52 x x x

187 02 B8 62 x

81 25 9 51| x x x

9 51: 91: 1:9 x x x

9h 1:9 98 h6 x x x

99 06 02 x x x

3 11 6 50 x x x

T 06 52 X X X

h8 kB x x

11 h h9 X X X

11 2 5 06 cm x x

5 oh 2 5 H6 cnc x x X

5 08 5 "3 X X X

5 08 2 5 hh

5
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TABLE D-II . - LUNAR MODULE DATA AVAILABILITY 

Time , hr :min 
Range 

Bandpass 
Computer 

Oecillo-
Brush 

Special 
Special 

plots Bilevels graph plots 
From To 

station 
or tabs 

vords 
records 

records 
or tabs 

programs 

-04:00 -02:00 ALDS X 
61 : 50 62:15 HSK X X 
61 : 52 62:15 MSFN X X 
77 : 34 78:10 ODS X X 

101 :45 102:50 GDS X X X X X X X 
101:46 102 :42 MSFN X X 
102:42 106 :44 MSFN X X X 
103 : 38 104:25 GDS X X X X X X X 
104 :14 108 : 51 MSFN X X X 
104 :23 104:47 GDS X X X X X 
105 :31 106:07 GDS X X X X 
106:05 106 :47 GDS X X X X X X 
106 :44 108 :42 MBPII X X X 
107:25 107:45 GDS X X X X X X 
107 : 42 108:43 GDB X X X X X X X 
108 : 42 110 :15 !oi!PII X X 
108 : 43 109 :00 ODS X 
109 :40 110:36 HSK X X X X 
110 : 34 111 :34 HSK X 
112:20 114 : 32 MBnl X X 
112 :25 113 : 10 IISK X 
113:02 115 :03 MAD X 
114 : 32 119 :03 MBPII X X 
115:02 119 : 20 MAD X 
119:21 122 :45 MBPII X X 
120:15 122 : 53 ODS X 
122 : 31 126 :28 lei'W X X 
122 : 51 126 : 45 GDS X 
126 :28 129 :38 MSPII X X X 
126 :43 12 9 : 40 GDS X 
128 : 39 129:40 GDS X X X X 
129:24 129 :36 GDS X 
129 :37 130 :38 ODS X X 
1 30 : 35 131 :35 GDS X X X 
131:12 135:58 !oi!Fii X X X 

1 32 : 31 133:34 GDS X X X 
133 : 29  135:17 GDS X 
135 :11 137 : 10 IISK X X X 
136 : 19 138:46 !I! PI! X X X 
137 :08 138:07 HSK X X X 
137 : 49 138:50 MAD X X 

138:50 139:50 MAD X X 
139 :05 143:49 MBJIW X X X 

139 : 39 141:50 MAD X 

140 : 39  140 : 50 MAD X 

140 : 49 141 : 50  MAD X X X X 

141 :10 141 :48 MAD X X X 

141 : 45 141 :50 MAD X X X 

141:49 142:18 MAD X X X X X X X 

142 :14 146:05 II! PI! X X X 
142 : 59 143 : 32  MAD X X X X X X X 

143 :21 144 : 16 MAD X X X X X X X 

143 : 40 144 : 01 MAD X X 

144 :58 145 : 15 MAD X X X 

145 :05 145 15 MAD X 

145 :12 146 14 MAD X X X X X X 

146:04 147 50 IEPII X X X 

146 : 55 147 30 llDII X X X X X X X 

147 :12 147 42 QD8 X X X X X X 

D5

TABLE D-II.- LUNAR MODULE DATA AVAILABILITY

Range Computer
_

.

°f ==~»=

Time hr.m1n Bandpnsa

"ation plots Bi1eve1s

-05:00 -02:00 ALDS

61:50 62:15 HSK

61:52 62:15 ISP!!

TT 35 78:10 0%

101:55 102:50 GDS

101:56 102:52 ISF!!

102:52 106:55 ISF!

103 30 105:25 0%
105:15 108:51 ISU!

105.23 105:57 cus

105:31 106:07 GTB

106 05 106:57 GIS

106'55 108:52 BBB!

107:25 107:55 GIB

107:52 108:53 GDB

108:52 110:15 LB!!

108:53 109:00 GDS

109:50 110:36  K

110:35 111:35 þÿ ��S�K

112:20 115:32 ISF!
112 25 113:10 ISK

113:02 115:03 HAD

115:32 119:03 |511

115:02 119:20 HAD

119:21 122:55 ISF!!

120:15 122:53 (IIB
122:31 126:28 mm

122:51 126:55 GN

126:28 129:38 QBFH

126:53 129:50 GW

128:39 129:50 GDS

129:25 129:36 GTB

129:37 130:38 0%

130:35 131:35 GTB

131:12 135:58 IBF!

12:31 133:35 0%

133:29 135:17 GN

135:11 137:10 HSK

136:19 138:56 LBP!

137:08 138:07 HSK

137:59 138:50 MAD'

138:50 139:50 MAD

139:05 153:59 IGH

139:39 151:50 MAD

150:39 150:50 HAD

150:59 151:50 HAD

151-10 151:58 MAD

151 '55 151:50 HAD

151:59 152:18 HAD

152:15 156:05 |85

152:59 153:§ HAD

153:21 155:16 HAD

153:50 155:01 HAD

155:58 155:15 MAD

155:05 155:15 HAD

155:12 156:15 HAD

156:05 157:50 IB!!

156 55 1.51230 §

157:12 157:52 (E

0sc111o-

graph- 
special

special

records

X

X

X

X

X

X

X

X

X

X

X

1 2.
records program

X

X

X X X

X X X

X X X

X X

X X X

X X X

X X X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X X

X

X

X

X

X X

X X

X X X

X X X

X X X

X X

X

X

X X

X X X

X X
_-.....;ll____ 



APPENDIX E - MISSION REPORT SUPPLEMENTS 

Table E-I contains a listing of all reports that supplement the 
Apollo 7 through Apollo 14 mission reports . The table indicates the 
·present status of each report not yet completed and the publi cat i on 
date of thos e which have been published. 

E-1 

APPENDIX E - MISSION REPORT SUPPLEM NTS_

Table E-I contains a listing of all reports that supplement the

Apollo T through Apollo lk mission reports. The table indicates the

present status of each report not yet completed and the publication
date of those which have been published.
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TABLE E-I . - MISSION REPORl' SUPPLEMENTS 

Supplement 
Title 

Publi cation 
number date/status 

Apollo 7 

1 Traj e ctory Reconstruct i on and Analy s i s  May 1969 
2 Communi cation System Performance June 1969 
3 Gui dance , Navi gat i on ,  and Control System November 1969 

Performance Analysis  
4 Reaction Cont rol System Performance August 1969 
5 Cancelled 
6 Entry Pos tflight Analysis  December 1969 

Apollo 8 

1 Traj ectory Reconstruct ion and Analysis  December 1969 
2 Gui dance , Navigat i on ,  and Control Sys tem November 1969 

Performance Analysis  
3 Performan ce of Command and S ervi ce Module March 1970 

React i on Control System 
4 Servi ce Propuls ion System Final Flight September 1970 

Evaluat i on 
5 Cancelled 
6 Analysis of Apollo 8 Photography and December 1969 

Vis ual Observat i ons 
7 Ent ry Pos tflight Analy s is December 1969 

Apollo 9 

1 Traj ectory Recons truction and Analysis  November 1969 
2 Command and Servi ce Module Gui dance , Navi- November 1969 

gat ion , and Control System Performance 
3 Lunar Module Abort Gui dance System Perform- November 1969 

ance Analysis  
4 Performance of Command and Servi ce Module Apri l 1970 

Reaction Control System 
5 Servi ce Propuls i on System Final Fli ght December 1969 

Evaluat i on 
6 Performance of  Lunar Module Reacti on Control August 19 70 

System 
7 Ascent Propuls ion System Final Fli ght December 1969 

Evaluat i on 
8 Des cent Propuls i on System Final Flight September 1970 

Evaluat ion 
9 Cancelled 

10 Stroking Test Analysis  December 1969 
11 Communi cat i ons System Performance December 1969 
12 Entry Pos tflight Analy s i s  December 1969 

E-2

TABLE E-I.- MISSION REPORT SUPPLEMENTS

Supplement
number

Tltle

Apollo T

Tragectory þÿ�R ¬�C�O�n�S�t�T�u�C�t�1�O�n and Analys1s
COmmun1Cat1On System Performance

Gu1dance, Nav1gat1on, and Control System
Performance Analys1s

React1on Control System Performance

Cancelled

Entry Postfl1ght Analys1s

Apollo 8

Tragectory þÿ�R ¬�C�O�n�S�t�T�u�C�t�1�O�n and Analys1s
Gu1dance, Nav1gat1on, and Control System

Performance Analys1s
Performance of Command and þÿ�S ¬�T�V�1�C ¬Module

React1on Control System
þÿ�S ¬�T�V�1�C ¬PTOpulS10n System F1nal Fl1ght

Evaluat1on

Cancelled

Analys1s of Apollo 8 Photography and

Entry Postfl1ght Analys1s

Apollo 9

Tragectory þÿ�R ¬�C�O�n�S�t�T�u�C�t�1�O�n and Analys1s
Command and þÿ�S ¬�T�V�1�C ¬Module Gu1dance, Nav1

gat1on, and Control System Performance

Lunar Module Abort Gu1dance System Perform

ance Analys1s
Performance of Command and þÿ�S ¬�T�V�1�C ¬Module

React1on Control System
þÿ�S ¬�T�V�1�C ¬Propuls1on System F1nal Fllght

Evaluat1on

Performance of Lunar Module React1on Control

System
Ascent PTOpulS10n System F1nal Fl1ght

Evaluatlon

Descent PTOpulS10n System F1nal Fl1ght
Evaluat1on

Cancelled

Strok1ng Test Analys1s
Commun1cat1ons System Performance

l2 Entry Postfl1ght Analys1s

Publ1cat1on

date/status

May l969
June 1969
November l969

August l969

December l969

December 1969
November l969

March l9TO

September l9TO

December

December

November

November

November

1969

1969

1969
1969

1969

Apr1l l9TO

December l969

August l9TO

December l969

September l9TO

December l969
December l969
December l969

1
. . .

2
. .

3
. . .

M
a

5
6

a a

J-
0 l

'

|

2
. . .

3
.

I4
1 1 1 1

5
6

a

Visual Observations

T
. .

1
. . .

2
. .

._

3
'

-

M
1 1

5
. . . .

6
a

T
°

. . .

8
a a a

9
10

' '

ll
' '



Supplement 
number 

l 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 

l 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
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TABLE E-I . - MISSION REPORT SUPPLEMENTS - Continued 

Title 

Apollo 10 

Traj ectory Reconstruction and Analysis  
Guidance , Navigat i on , and Control System 

Performance Analysis  
Performance of  Command and Servi ce Module 

Reacti on Control System 
Servi ce Propuls ion System Final Flight 

Evaluat ion 
Performance of Lunar Module React i on Control 

System 
As cent Propuls ion System Final Flight 

Evaluat i on 
Des cent Propuls i on System Final Flight 

Evaluati on 
Cancelled 
Analysis  of Apollo 10 Photography and Vi sual 

Observat i ons 
Entry Pos tflight Analysis  
Communi cat i ons System Performance 

Apollo 11 

Traj e ctory Reconstruction and Analysis  
Gui dan ce , Navigation , and Control System 

Performance Analysis 
Performance of Command and Servi ce Module 

Reaction Control Sys tem 
Servi ce Propuls i on System Final Flight 

Evaluat ion 
Performance of Lunar Module Reaction Control 

Sys tem 
Ascent Propuls i on System Final Flight 

Evaluat i on 
Des cent Propuls ion System Final Flight 

Evaluati on 
Cancelled 
Apollo ll Preliminary Sci ence Report 
Communi cati ons System Performance 
Entry Post flight Analysis 

Pub li cat i on 
dat e /status 

March 1970 
Decemb er 19 69 

Augus t  1970 

September 1970 

Augus t 1970 

January 1970 

January 19 70 

In pub li cat i on 
as SP-232 

December 1969 
Decemb er 1969 

May 1970 
September 1970 

Review 

October 19 70 

Revi ew 

September 1970 

September 1970 

December 1969 
January 1970 
April 1970 

E-3

TABLE E-I.- MISSION REPORT SUPPLEMENTS - Continued

Supplement . Publicationl;;;;;g;;;;;lIIIIIIIIIIIIIIIIIIIIHHHEEIIIIIIIIIIIIIIIIIII||||;;;;;;;;;;g;;g;;;l
Apollo 10

l Trajectory Reconstruction and_Analysis March 1970
2 Guidance, Navigation, and Control System December 1969

Performance Analysis
3 Performance of Command and Service Module August 1970

Reaction Control System
M Service Propulsion System Final Flight September 1970

Evaluation

5 Performance of Lunar Module Reaction Control August 1970

System
6 Ascent Propulsion System Final Flight January 1970

Evaluation

7 Descent Propulsion System Final Flight January 1970
Evaluation

8 Cancelled

9 Analysis of Apollo 10 Photography and Visual In publication
Observations as SP-232

10 Entry Postflight Analysis December 1969
11 Communications System Performance December 1969

Apollo 11

Tragectory Reconstruction and Analysis
Guidance, Navigation, and Control System

Performance Analysis
Performance of Command and Service Module

Reaction Control System
Service Propulsion System Final Flight

Evaluation

System
Ascent Propulsion System Final Flight

Evaluation

Descent Propulsion System Final Flight
Evaluation

Cancelled

Apollo ll Preliminary Science Report
Communications System Performance

May 1970

September 1970

Review

October 1970

September 1970

September 1970

December 1969
January 1970

1
_ . .

2
. . .

3
. .

M
a a a a

5 Performance of lunar Module Reaction Control Review

6
a a a

7
. . .

Y

8

9
. . .

lo
. .

11 Entry Postflight Analysis April 1970
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TABLE E-I . - MISSION REPORT SUPPLEMENTS - Concluded 

Supplement Title Pub li cat i on 
number date/status 

Apollo 12 

1 Traj ectory Reconstruction and Analysis  September 1970 
2 Gui dance , Navigation , and Control System September 1970 

Performance Analys is 
3 Servi ce Propuls i on System Final Flight Preparation 

Evaluat i on 
4 Ascent Propuls i on System Final Flight Preparation 

Evaluat i on 
5 Des cent Propuls ion Syst�m Final Flight Preparation 

Evaluat i on 
6 Apollo 12 Preliminary Sci ence Report July 19 70 
7 Landing Site Select i on Processes Final revi ew 

Apollo 1 3  

1 Gui dance , Navigation , and Control System September 1970 
Performan ce Analysis  

2 Des cent Propuls i on System Final Flight October 19 70 
Evaluat i on 

3 Entry Pos t flight Analys is Cancelled 

Apollo 14 

1 Gui dance , Navigation , and Control System Preparation 
Performance Analysis 

2 Cryogenic Storage System Performance Preparation 
Analysis 

3 Servi ce Propuls ion System Final Flight Preparation 
Evaluat i on 

4 As cent Propuls i on System Final Fli ght Preparation 
Evaluat i on 

5 Descent Propuls ion System Final Flight Preparat i on 
Evaluati on 

6 Apollo 14 Preliminary Sci ence Report Preparati on 
7 Analysis of Inflight Demonstrati ons Preparat i on 
8 Atmospheri c Elect ri city Experiments on Preparation 

Apollo 13 and 14 Laun ches 

E-h

Supplement
number

8

TABLE E-I.- MKSSION REPORT SUPPLEMENTS - Concluded

Title

Apollo

TraJectory Reconstruction

Guidance, Navigation, and

Performance Analysis
Serv1ce Propulsion System

Evaluation

and Analysis
Control System

Final Fllght

Ascent Propulsion System F1nal Fllght
Evaluation

Descent Propulsion System Final Fllght
Evaluation

Apollo 12 Preliminary Sc1ence Report
Landing S1te Select1on Processes

Apollo

Guidance , Navigation , and

Performance Analysis

Evaluation

Entry Postflight Analysis

Apollo

Guidance, Navigation, and

Performance Analysis

Control System

Control System

Cryogenlc Storage System Performance

Analysis
Service Propulsion System F1nal Flight

Evaluation

Ascent Propulsion System F1nal Fllght
Evaluation

Descent Propulsion System F1nal Flight
Evaluation

Apollo ik Preliminary Sc1ence Report
Analysis of Infllght Demonstrations

Atmospheric Electr1c1ty Experiments on

Apollo 13 and lk Launches

Publication

date/status

September 1970

September 19T0

Preparation

Preparation

Preparation

July 1970
F1nal rev iew

September 1970

Cancelled

Preparation

Preparation

Preparation

Preparation

Preparation

Preparation
Preparation
Preparation

1
_ _ _

2
_ _ _

3
_

l

_ _ _ _

M
_ _ _ _

5
I

_

I

_ _ _

6
_ _ _

T
_ _ _ _ _

1
_ _ _

2 Descent Propulsion System Final Flight October 19T0

3
_ _

1
_ _ _ _

2
`. .

3
_

I

_ _ _ _

M
_ _ _ _

5
l

_ _ _ _

6
_ _ _ _ _

T `_  _` fi



albedo 

Brewster angle 

ejecta 
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APPENDIX F - GLOSSARY 

percentage of light re flected from a surface based upon 
the amount incident upon it 

the angle at whi ch electromagneti c  rad.i ati on is inci­
dent upon a nonmetall i c  surface for the re flected 
radiat ion to acqui re maximum pl ane polari zation 

material thrown out of a crater formed by impact or 
volcanic action 

electrophoresis movement of suspended part i cles in a fluid by elect ro­
motive force 

foli ation 

galactic  light 

gegens chei n 

lunar libration 
region ( 14 ) 

Moulton point 

nadir 

regolith 

zero phase 

zodiacal light 

Platy or leaf-like laminae of a rock 

total li ght emitted by stars in a given area of the 
sky 

a faint glow seen from the earth along the sun-earth 
axi s i n  the anti-s ol ar di rection 

an area 60 degrees from t h e  earth-moon axis  in the 
di rection of  the moon ' s  t ravel and on its orbital path 

the earth ' s  librat i on point ( 11 ) located on the s un­
earth axis in the anti-solar di rect i on 

the point on the celestial sphere that is  verti cally 
downward from the ob server 

the s urface layer of uns ort ed fragmented material that 
ove rli es cons oli dated bedrock 

the condition whereby the vector from a radiation s ource 
( sun ) and the ob server are colinear 

a fai nt wedge of light seen from th e earth in the anti­
solar direct i on extending upward from the hori zon along 
the ecliptic . It is s een from tropical lati tudes for a 
few hours after sunset or before sunris e .  

a l b e d o

B r e w s t e r a n g l e

e j e c t a

e l e c t r o p h o r e s i s

f o l i a t i o n

g a l a c t i c l i g h t

g e g e n s c h e i n

l u n a r l i b r a t i o n

r e g i o n ( L M )
M o u l t o n p o i n t

n a d i r

r e g o l i t h

z e r o p h a s e

z o d i a c a l l i g h t

F - l

A P P E N D I X F - G L O S S A R Y

p e r c e n t a g e o f l i g h t r e f l e c t e d f r o m a s u r f a c e b a s e d u p o n

t h e a m o u n t i n c i d e n t u p o n i t

t h e a n g l e a t w h i c h e l e c t r o m a g n e t i c r a d i a t i o n i s i n c i -

d e n t u p o n a n o n m e t a l l i c s u r f a c e f o r t h e r e f l e c t e d

r a d i a t i o n t o a c q u i r e m a x i m u m p l a n e p o l a r i z a t i o n

m a t e r i a l t h r o w n o u t o f a c r a t e r

v o l c a n i c a c t i o n

f o r m e d b y i m p a c t o r

m o v e m e n t o f s u s p e n d e dp a r t i c l e s
m o t i v e f o r c e

i n a f l u i d b y e l e c t r o -

P l a t y o r l e a f - l i k e l a m i n a e o f a r o c k

t o t a l l i g h t e m i t t e d b y s t a r s i n

s k y

a g i v e n a r e a o f t h e

a f a i n t g l o w s e e n f r o m t h e e a r t h a l o n g t h e s u n - e a r t h

a x i s i n t h e a n t i - s o l a r d i r e c t i o n

a n a r e a 6 0 d e g r e e s f r o m t h e e a r t h - m o o n a x i s i n t h e

d i r e c t i o n o f t h e m o o n ' s t r a v e l a n d o n i t s o r b i t a l p a t h

t h e e a r t h ' s l i b r a t i o n p o i n t ( l i ) l o c a t e d o n t h e s u n -

e a r t h a x i s i n t h e a n t i - s o l a r d i r e c t i o n

t h e p o i n t o n t h e c e l e s t i a l s p h e r e t h a t i s v e r t i c a l l y
d o w n w a r d f r o m t h e o b s e r v e r

t h e s u r f a c e l a y e r o f u n s o r t e d f r a g m e n t e d m a t e r i a l t h a t

o v e r l i e s c o n s o l i d a t e d b e d r o c k

t h e c o n d i t i o n w h e r e b y t h e v e c t o r f r o m a r a d i a t i o n s o u r c e

( s u n ) a n d t h e o b s e r v e r a r e c o l i n e a r

a f a i n t w e d g e o f l i g h t s e e n f r o m t h e e a r t h i n t h e a n t i -

s o l a r d i r e c t i o n e x t e n d i n g u p w a r d f r o m t h e h o r i z o n a l o n g
t h e e c l i p t i c . I t i s s e e n f r o m t r o p i c a l l a t i t u d e s f o r a

f e w h o u r s a f t e r s u n s e t o r b e f o r e s u n r i s e .
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M I SS I ON REPORT QUEST I ONNA I RE 

Mi s s ion Reports are prepared as an overall summary of specific Apollo fli ght 
re sult s ,  with supplemental reports and s eparate anomaly reports providing the 
engineering detail in selected areas . Would you kindly complete this one-page 
que sti onnaire so that our evaluation and reporting s ervi ce to our readership might 
be improved . 

' ·  D O  Y O U  TH I N K  T H E  C O N T E N T  O F  T H E  M I S S I O N R E P O R T S  S H O U L D  B E '  

0 L E S S  D E T A I L E D  [] M O R E  D E T A I L E D  0 A B O U T  T H E  S A M E ?  

2 .  WOU L D  Y O U  S U G G E S T  ANY C H A �G E S  TO THE P R E S E N T  C O N T E N T ?  

3 .  Y O U R  C O PY I S  ( c h e ck more t ha n  one) 1 

[] R E A D  COM P L E T E L Y  0 R E A D  P A R T  I AL LY 0 S C A N N E D  0 N O T  R E A D  O R  S C AN N E D  

[] R O U T E D  T O  OTH E R S  0 F I L E D  F O R  R E F E R E N C E  0 D I S C A R D E D  ·0 G I V E N  T O  S O M E O N E  E L S E  

4 .  O N  T H E  A V E RA G E  1 H O W  O F T E N  D O  YOU R E F E R  L A T E R  T O  A M I S S I O N R E P OR T ?  

[] MOR E T H A N  .5 T I M E S  0 F R O M  2 TO 5 T I M E S  0 O N C E  (] N EV E R  

5 • R E G A R D I NG R E P O R T  S U P P L E M E N T S , YOU 1 

[] U S E  T H O S E  YOU R E C E I V E '  0 D O  N O T  R EC E I V E  ANY I B U T  WO U L D  L I K E  TO [] D O  NOT N E E D  T H E M  

6 .  D O  Y OU W I S H T o  C O N T I NU E  R E C E I V I NG M I S S I ON R E P O R T S ?  

0 Y E S  0 N O  

7 .  F U R TH E R  SUG G E S T I ON S  O R  COMME N T S :  

' 

N A M E  O R GAN I Z A T I O N  A D D R E S S  

Please fold this form in half with the addre s s  on the outside, staple, and mail 
the form to me . Thank you for taking the time to complete this form. 

Donald D .  Arabian, Chief 
Test Divis ion 

MSC F o rm 884 (May  7 0 )  NASA - MSC 

MISSION REPIIRT UUESTIDNNAIRE

Mission Reports are prepared as an overall summary of specific Apollo flight
results, with supplemental reports and separate anomaly reports providing the

engineering detail in selected areas. Would you kindly complete this one-page

questionnaire so that our evaluation and reporting service to our readership might
be improved.

I. DO YOU THINK THE CONTENT OF THE MISSION REPORTS SHOULD BE¢

E] LESS DETAILED E] MORE DETAILED E] ABOUT THE SAME?

2. WOULD YOU SUGGEST ANY CHANGES TO THE PRESENT CONTENT?

3, Your; Copy |5 (check more than one),

U READ COMPLETELY E] READ PART|AL|_Y QSCANNED UNOTREAD OR SCANNED

C] ROUTED TO OTHERS E] FILED FOR REFERENCE QDISCARDED  GIVEN TO SOMEONE ELSE

4_ ON THE AVERAGE, How OFTEN D0 You REFER LATER TO A MISSION REPORT!

E] MORE THAN _5 TIMES E] FROM 2 T0 5 TIMES QONCE U NEVER

5. REGARDING REPORT SUPPLEMENTS, YOU|

UUSE THOSE You RECEIVE' E] DO NOT RECEIVE ANY, sur WOULD |_|»<E TO U DO NOT NEED THEM

YES

G. DO YOU WISH To CONTINUE RECEIVING MISSION REPORTS?

C] UNO
7. FURTHER SUGGESTIONS OR COMMENTS:

NAME ORGANIZATION ADDRESS

the form to me Thank you for taking the time to complete this form

Donald D Arabian, Chief

Test Division

lsc Form 884 (M y 70) NASA_M5c

Please fold this form in half with the address on the outside, staple, and mail
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APOLLO SPACECRAFT FLIGHT HISWR'l 

( Contin�ed from inside front cover) 

Mission report 
� number SEa.cecra.ft Des cription Launch date Launch site 

Apollo 4 M'lC-PA-R-68-1 SC-017 Supercircular Nov. 9 ,  1967 Kennedy Space 
LTA-lOR entry at lunar Center, Fla. 

return velocity 

.Apollo M'lC-PA-R-68-7 LM-1 First lunar Jan, 22, 1968 Cape Kennedy , 
module flight Fla .  

Apollo 6 MSC-PA-R-68-9 SC-020 Verification of Apri l 4, 1968 Kennedy Space 
LTA-2R closed-loop Center , Fla .  

emergency detection 
system 

.Apollo 1 M'lC-PA-R-68-15 CSM 101 First manned fligh t ;  Oct. 11 , 1968 Cape Kennedy . 
earth-orbital Fla. 

APollo 8 MSC-PA-R-69-1 CSM 103 First manned lunar De c .  21 , 1968 Kennedy Space 
orbital flight ; first Center, Fla. 
manned Saturn V launch 

Apollo 9 l<lC-PA-R-69-2 CSM 101! First manned lunar March 3 ,  1969 Kennedy Space 
LM-3 module flight; earth Center ,  Fla. 

orb! t rendezvous ;, extra-
vehicular activity 

Apollo 10 l<lC-00126 CSM 106 First lunar orb i t  M a,y  1 8  , 1969 Kennedy Space 
LM-o rendezvous ; lo� pass Center • Fla. 

over lunar surface 

Apo�lo ll MSC-00171 CSM 107 First lunar landing July 16. 1969 Kennedy Space 
LM-5 Center • Fla . 

Apollo 12 MSC-01855 CSM 108 Second lunar landing Nov. 14 �  1969 Kennedy Space 
LM-6 Center , Fla. 

Apollo 13 l<lC-026Bo CSM 109 Aborted during trans- April 11 , 1970 Kennedy Space 
LM-7 lunar flight because Center . Fla .  

o f  cryogenic oxygen loss 

Apollo 14 l<lC-Oo112 CSM 110 Third lunar landing JSl\ . 31 , 1971 Kennedy Space 
LM-8 Center, Fla. 

Kennedy Space

Mission
V

Apollo

Apollo

Apollo

Apollo

Apollo

Apollo

Apollo

Apollo

Apollo

Apollo

Apollo

9

10

Mission mport
number

IBC-PA-R-68-l

lBC~PA-R-68-T

MSC-PA-H-65-9

IBC-PA-R-68-15

MSC-PA-R-69-1

NSC-PA-H-69-2

BC-00126

MSC-00171

MSC

UBC

IBC

-01855

-02680

-0||1l2

APOLLO SPACECRAFT FLIGHT þÿ�}�l�I�S�'�l�0�R ��l

(Continued from inside front cover)

Spacecraft Des cri Etion

SC-017 Supercircular
LTA-10R entry at lunar _

return velocity

IM-1 First lunar

module flight

SC-020 Verification of

LTA-2R closed-loop
emergency detection

system

CSM 10l First manned flight;
earth-orbital

(SM 103 First manned lunar

orbital flight; first

manned Saturn V launch

LEM 1010 First manned lunar

IM-3 module flight; earth

orbit rendezvous; extra-

vehicular activity

(SM 106 First lunar orbit

LM-3| rendezvous; lov pass
over lunar surface

CSM 10T First lunar landing
IM-5

CSM 108 Second lunar landing
LM-6

(SM 109 Aborted during trans-

IM-T lunar flight because

of cryogenic oxygen loss

(SM 110 Third lunar landing
LM-8

Launch date

llov. 9, 1967

Jan. 22, 1968

April li, 1968

Oct. 11, 1968

Dec. 21, 1968

March 3, 1969

Mdy 18, 1969

July 16, 1969

llov. lla, 1969

April 11, 1970

Jan . 31 . 1971

Launch site

Kennedy Space
Center, Pla.

Cape Kenneq,
Pla.

Kenneq Space
Center , Fla.

Cape Kennedy ,

Fla.

Cente r ,

Kennedy
Center ,

Kenner#
Center ,

Kennedy
Center ,

Kennedy
Center ,

Kennedy
Center ,

Kennedy
Cent e r

,

Fla.

Space
Fl a .

Space
Fla.

Space
Fla .

Space
Fla.

Space
Pla.

Space
Fla.
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