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1.0 SUMMARY 

The Apollo 10 space vehicle, with a crew of Thomas P. Stafford, 
Commander, John W .  Young, Command Module Pilot, and Eugene A. Cernan, 
Lunar Module Pilot, was launched from Kennedy Space Center, Florida, at 
11:49:00 a.m. e.s.t., M� 18, 1969. Following a satisfactory launch 
phase, the spacecraft and S-IVB combination was inserted into an earth 
parking orbit of 102.6 by 99.6 nautical miles. After onboard systems 
were checked, the S-IVB engine was ignited at 2-l/2 hours elapsed time 
to place the spacecraft on a translunar trajectory. 

At 3 hours, the command and service modules were separated from the 
S-IVB and were then transposed and docked with the lunar module. Forty 
minutes later, the docked spacecraft were ejected, and a separation ma
neuver of 18.8 feet per second was then performed. The S-IVB was placed 
into a solar orbit by propulsive venting of residual propellants. 

The option for the first spacecraft midcourse correction was not 
exercised. A preplanned midcourse correction that adjusted the trajec
tory to coincide with a July lunar landing trajectory was executed at 
26-l/2 hours. The passive thermal control technique was employed through
out the translunar coast except when a specific attitude was required. 

At 76 hours , the spacecraft was inserted into a lunar orbit of 60 by 
171 nautical miles. Following two revolutions of tracking and ground up
dates, a maneuver was performed to circularize the orbit at 60 nautical 
miles. The Lunar Module Pilot entered the lunar module, checked all sys
tems , and then returned to the command module for the scheduled sleep 
period. 

Activation of the lunar module systems was begun at 95 hours , and 
the spacecraft were undecked at 98-l/4 hours. After station-keeping, a 
small separation maneuver was performed by the command and service mod
ules, and the lunar module was inserted into the descent orbit at 
99-3/4 hours. An hour later, the lunar module made a low-level pass 
over Apollo Landing Site 2, the planned site for the first lunar landing. 
The pass was highlighted by a test of the landing radar, visual observa
tion of lunar lighting, stereo photography, and execution of the phasing 
maneuver using the descent engine. The lowest measured point in the tra
jectory was 47 400 feet from the lunar surface. Following one revolution 
in the phasing orbit, about 8 by 194 miles, the lunar module was staged, 
and the ascent engine was used to perform an insertion maneuver at about 
103 hours. Conditions following this maneuver were identical to those 
expected after a normal ascent from the lunar surface, and the fidelity 
for the rendezvous which followed was therefore valid. 
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The rendezvous operation commenced with the coelliptic sequence ini
tiation maneuver about one-half revolution from insertion, followed by a 
small constant differential height maneuver. With the altitude difference 
between the two orbits established at the proper 15 nautical miles, the 
terminal phase was initiated normally at 105-1/2 hours. Braking was per
formed on schedule. Docking was complete at 106-1/2 hours, and the crew 
transferred into the command module. The ascent stage was jettisoned, 
and the ascent engine was fired to propellant depletion at 109 hours. 

After a rest period, the crew conducted landmark tracking and photog
raphy exercises. Transearth injection was performed at 137-1/2 hours. 

The passive thermal control technique and the navigation procedures 
used on the translunar portion of flight were also performed during the 
earth return. Only one midcourse correction, 2.2 feet per second, was 
required, and it was made 3 hours prior to comnand module/service module 
separation. The command module entered the atmosphere (400 000 feet alti
tude), and it landed near the primary recovery vessel, USS Princeton, at 
about 192 hours. At daybreak, the crew were retrieved by helicopter. 

All systems in the comnand and service modules and the lunar module 
were managed very well. While some problems were encountered , roost were 
minor and none caused a constraint to completion of mission objectives. 
Communications quality at the lunar distance was generally adequate. 
Color television pictures were transmitted sixteen times during the mis
sion for a total transmission time of almost 6 hours, �nd picture quality 
was extremely good. 

Crew performance was excellent throughout the mission, and timelines 
were followed very closely. Valuable data concerning lunar gravitation 
were obtained during the 60 hours of lunar orbit. 
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2.0 INTRODUCTION 

The Apollo 10 mission was the tenth in a series of flights using 
specification Apollo hardware and was the first lunar flight of the com
plete spacecraft. It was also the fourth manned flight of the command 
and service modules and the second manned flight of the lunar module. 
The purpose of the mission was to confirm all aspects of the lunar land
ing mission exactly as it would be performed, except for the actual de
scent, landing, lunar stay, and ascent from the lunar surface. Additional 
objectives included verification of lunar module systems in the lunar 
environment, evaluation of mission support performance for the combined 
spacecraft at lunar distance, and further refinement of the lunar gravi
tational potential. 

Because of the excellent performance of the entire spacecraft, only 
the systems performance that significantly differed from that of previous 
missions is reported. This report is concentrated on lunar module flight 
results and on those activities involving combined vehicle operations pe
culiar to the lunar environment. The rendezvous and mission communica
tions are reported in sections 4 and 5, respectively. A treatise on the 
lunar gravitation field and its relationship to lunar orbit navigation 
for future missions is contained in section 6. The launch escape system 
and the spacecraft/launch-vehicle adapter performed as expected, and their 
performance is not documented. 

A complete analysis of certain flight data is not possible within 
the time frame for preparation of this report. Therefore, report sup
plements will be published for the guidance, navigation, and control sys
tem; the biomedical evaluation; the lunar photography; and the trajectory 
analysis. Other supplements will be published as need is identified. 

In this report, all times are elapsed time from range zero, estab
lished as the integral second before lift-off. Range zero for this mis
sion was 16:49:00 G.m.t., May 18, 1969. Also, all references to mileage 
distance are in nautical miles. 
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3.0 MISSION DESCRIPTION 

Apollo 10 was an 8-day mission to qualify the combined spacecraft in 
the lunar environment. Particular primary objectives were demonstration 
of lunar module rendezvous and command module docking in the lunar gravi
tational field and evaluation of docked and undocked lunar navigation. 
The crew timelines used for this mission duplicated those for the lunar 
landing mission, with the exception of the actual descent to the surface. 
In addition, visual observation and stereo photography of Apollo Landing 
Site 2, the planned location of the first lunar landing, were to be com
pleted. Table 3-I and figure 3-l are timelines of mission events. Fig
ure 3-2 is a summary flight plan of the Apollo 10 mission. 

The space vehicle was launched at 11:49:00 a.m. e.s.t., May 18, 1969, 
and inserted into an earth parking orbit of 102.6 by 99.6 miles. After 
2-l/2 hours of system checkout activities, the translunar injection se
quence was completed precisely using the S-IVB. The command and service 
modules were separated from the S-IVB and then were transposed and docked 
with the lunar module. The docking latches were secured, the tunnel was 
pressurized, and the spacecraft were ejected from the S-IVB at about 
4 hours. A separation maneuver using the service propulsion system was 
then performed, and residual propellants were propulsively vented to place 
the S-IVB into a solar orbit. 

The option for the first midcourse correction, scheduled for about 
12 hours, was not exercised because of the precision of the translunar 
injection. Instead, a passive thermal control technique, similar to that 
used on Apollo 8, was initialized to stabilize onboard temperatures. The 
only translunar midcourse correction, approximately 50 ft/sec, was per
formed at 26-l/2 hours using the service propulsion system. This correc
tion was preplanned to adjust the Apollo 10 translunar trajectory to co
incide with the lunar landing trajectory planned for the month of July. 

At about 76 hours, the service propulsion engine was fired for 
356 seconds to insert the spacecraft into lunar orbit. The resulting 
orbit was 6o by 171 miles; after two revolutions, the orbit was circular
ized at approximately 60 miles. 

The lunar module was entered for the first time at about 82 hours 
for a check of systems. Equipment was transferred to the lunar module, 
and the tunnel hatch was replaced. After a normal sleep period, the 
Commander and the Lunar Module Pilot entered the lunar module for a com
plete systems check in preparation for the lunar orbit rendezvous. 

The �pacecraft were undocked at 98-l/4 hours. Following various 
radar and communications checks and a command and service module separa
tion maneuver, the lunar module was inserted into the descent orbit using 
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the descent propulsion system. The landing radar was operated success
fully at approximately 8 miles altitude over Landing Site 2; visual wash
out effects were assessed and photographs of the approach terrain were 
taken. Soon after pericynthion passage, a phasing maneuver was performed 
to insert the lunar module into an ll- by 190-mile orbit to establish the 
conditions for rendezvous. After one revolution in this orbit, the lunar 
module was staged, and an insertion maneuver was executed at about 103 
hours, using the ascent propulsion system. Conditions after this maneu
ver closely simulated those for a normal ascent from the lunar surface. 

Lunar module rendezvous was initiated with the coelliptic sequence 
maneuver at 103-3/4 hours using the reaction control system, intercon
nected with the ascent propellant tanks. The intermediate plane change 
maneuver was not required, and at 104-3/4 hours a small (3.0 ft/sec) con
stant differential height maneuver was performed using the reaction con
trol system. The Command Module Pilot used VHF ranging and sextant in
formation to calculate the backup maneuvers he could have used in the 
event of certain lunar module failures . The terminal phase was initiated 
accurately at 105-1/4 hours , and docking was performed from the command 
module an hour later. 

After crew transfer, the lunar module ascent stage was jettisoned, 
and the ascent propulsion system was fired to propellant depletion at 
109 hours. The firing was nominal and placed the vehicle into a solar 
orbit. 

The final day in lunar orbit was spent in performing a series of 
landmark tracking and platform alignment exercises and stereo and sequence 
photography. The trans earth injection maneuver was performed accurately 
at about 137-l/2 hours using the service propulsion system. 

The fast-return flight of about 54 hours duration was completed nor
mally using the passive thermal control techniques and cislunar naviga
tion. The only transearth midcourse correction was performed at about 
189 hours, or 3 hours prior to entry, and a velocity change of only 
2.2 ft/sec was required. The command module was separated from the serv
ice module at 191.5 hours, followed by entry 15 minutes later. 

Entry was controlled by the primary guidance and navigation system 
to effect spacecraft landing very close to the target at about 15 degrees 
south latitude and 165 degrees west longitude. The crew were retrieved 
by helicopter soon after daylight and taken aboard the primary recovery 
vessel, USS Princeton� 39 minutes after landing. The spacecraft was re
covered by the recovery ship l-l/2 hours after landing. 



TABLE 3-I.- SEQUENCE OF EVENTS 

Event 

Range zero - 16:49:00 G.m.t., May 18, 1969 

Lift-off 

Maximum dynamic pressure 

S-IC outboard engine cutoff 

S-II engine ignition (command) 

Launch escape tower jettison 

S-II engine cutoff 

S-IVB engine ignition (command) 

S-IVB engine cutoff 

Parking orbit insertion 

S-IVB ignition (trans1unar injection) 

Trans1unar injection (S-IVB cutoff + 10 sec) 

Command and service module separation 

First docking 

Spacecraft ejection 

Spacecraft separation maneuver 

First midcourse correction 

Lunar orbit insertion 

Lunar orbit circularization 

Undocking 

Command and service module separation maneuver 

Descent orbit insertion 

Phasing orbit insertion 

Lunar module staging 

Ascent insertion maneuver 

Coe11iptic sequence initiation 

Constant differential height maneuver 

Terminal phase initiation 

Time, 
hr:min:scc 

00:00:00.6 

00:01:22.6 

00:02:41.6 

00:02:43.1 

00:03:17.8 

00:09:12.6 

00:09:13.6 

00:11:43.8 

00:11:53.8 

02:33:28 

02:39:21 

03:02:42 

03:17:37 

03:56:26 

04:39:10 

26:32:57 

75:55:54 

80:25:08 

98:11:57 

98:47:17 

99:46:02 

100:58:26 

102:45:17 

102:55:02 

103:45:55 

104:43:53 
105:22:56 

3-3 
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TABLE 3-I.- SEQUENCE OF EVENTS - Concluded 

Event 

Second docking 

Ascent stage jettison 

Final separation maneuver 

Ascent engine firing to propellant depletion 

Transearth injection 

Second midcourse correction 

Command module/service module separation 

Entry interface (400 000 feet altitude) 

Enter communications blackout 

Exit communications blackout 

Drogue deployment 

Main parachute deployment 

Landing 

Time, 
hr:min:sec 

106:22:02 

108:24:36 

108:43:23 

108:52:06 

137:36:29 

188:49:58 

191:33:26 

191:48:55 

191:49:12 

191:53:40 

191:57:18 

191:58:05 

192:03:23 
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4. 0 RENDEZVOUS 

The lunar module was separated f'rom the command module for 8 hours 
in lunar orbit, and the maximum separation distance was 340 miles. The 
lunar module then returned to the command module after a series of rendez
vous maneuvers. All phases of lunar module operations were successful, 
and all associated mission objectives were accomplished. Computer solu
tion maneuver times in this section refer to computer time, which is 
0. 73 second less than elapsed times referenced to range zero. 

One of the eleven translation maneuvers performed during the rendez
vous, the phasing maneuver, will not be a part of the nominal lunar land
ing profile. Although the duration of the insertion maneuver was not 
equal to ascent from the surface, this maneuver had to establish the in
itial position and velocity conditions that would nearly duplicate the 
rendezvous following a lift-off from the lunar surface. 

Ground support during the rendezvous was similar to previous mis
sions. However, Network tracking data were not processed to obtain an 
independent solution for the coelliptic sequence rendezvous maneuvers 
because this sequence was initiated behind the moon. Instead, telemetry 
data of the state vectors f'rom the lunar module computer prior to onboard 
navigation updates were used on the ground to compute maneuvers as a back 
up to onboard computations. 

4. 1 TRAJECTORY 

This section contains a brief description of trajectory events and 
an analysis of the slight out-of-plane condition that existed at the be
ginning of rendezvous. Figure 4-l depicts the.relative motion between 
the lunar module and command module , and figure 4-2 shows their relative 
positions during rendezvous. Tables 6-II and 6-IV contain the rendezvous 
trajectory and maneuver parameters, respectively. 

During the eleventh lunar revolution, a nominal pre-separation ren
dezvous plan was computed. A comparison of this plan with the actual 
and onboard solutions (table 4-I ) confirms that the sequence was nominal. 

The vehicles undocked during the twelfth lunar revolution. At 
98:47:17.4, a maneuver was executed with the service module reaction con
trol system to establish an eqUiperiod orbit for a relative separation of 
about 2 miles at descent orbit insertion. The planned 2.5-ft/sec separa
tion maneuver, conducted radially downward also had a residual in retro
grade horizontal velocity of about minus 0.2 ft/sec. This caused the 
separation distance at descent orbit insertion to be about 0.4 mile greater· 
than planned, but the added distance was not critical. 
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Descent orbit insertion was the first lunar module maneuver and was 
executed accurately and on time with the descent propulsion system to 
lower the pericynthion to 8.5 miles. The phasing maneuver was also per
formed with the descent propulsion system, and the lunar module was in
serted into a 190- by 12-mile phasing orbit. 

The lunar module was staged at 102:45:17, 10 minutes prior to the 
insertion maneuver. The insertion maneuver placed the lunar module into 
almost precisely the predicted orbit of 46. 5 by 11.0 miles. Following 
insertion, both vehicles began onboard tracking to compute coelliptic se
quence solutions. Table 4-I illustrates the excellent agreement between 
the final onboard solution for coelliptic sequence initiation and that 
computed on the ground from the original pre-separation state vectors and 
incorporating the confirmed maneuvers. 

At coelliptic sequence initiation, the onboard sensors first detected 
a slight but unexpected out-of-plane position error of about 1 mile at 
maximum plane separation. The lunar module out-of-plane solution was 
plus 4.1 ft/sec relative to the command module orbit plane. The command 
module sextant detected a similar rate of plus 6.4 ft/sec; however, a 
misunderstanding in the procedure for comparing the two solutions and 
their sign conventions caused the crew to delay any out-of-plane correc
tion until terminal phase initiation; this delay was acceptable for dis
persions of this magnitude. The out-of-plane dispersion between the two 
vehicles most probably resulted from vehicle ephemeris errors during the 
phasing and insertion maneuvers. Maneuver execution based on an onboard 
state vector in error with respect to the orbital plane would create out
of-plane dispersions. 

The constant differential height maneuver was executed under abort 
guidance control at 104:43:53.4 and established the height differential 
at a very constant and nearly nominal value of 14.9 miles. 

The lunar module initiated the terminal phase at 105:22:55.6, or 
about 2 minutes later than the targeted value calculated before the ren
dezvous. The expected one-sigma dispersion in this time was about 4 min
utes. The terminal phase initiation solution and execution were very 
accurate, as evidenced by the two midcourse maneuvers of less than 2 ft/ 
sec for each. 

The braking maneuvers were performed behind the moon, and since the 
lunar module had no onboard recorder, no accurate description of this 
phase can be given. Nevertheless, the nominal propellant usage and the 
lack of any negative crew remarks indicate that braking was performed 
effectively. The vehicles were only a few feet apart at Network acquisi
tion, about 13 minutes after theoretical intercept. 
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4.2 CREW PROCEDURES. 

The method of operating the guidance, navigation, and control systems 
to effect rendezvous was very similar to that for Apollo 9, despite numer
ous changes made to onboard computer programs. The major differences be
tween the procedures used for Apollo 10 and those for Apollo 9 resulted 
from (1) a VHF ranging system installed in the command module to provide 
navigation data to supplement sextant sightings; (2) the command module 
was the active vehicle for all docking operations; and (3 ) the rendezvous 
was conducted in lunar orbit rather than earth orbit, therefore necessi
tating numerous timeline adjustments. 

4.2.1 Lunar Module 

The lunar module crew successfUlly performed all required rendezvous 
maneuvers utilizing procedures developed and verified during the Apollo 9 
mission and Apollo 10 crew training. The high degree of success was 
evident from the reaction control system propellant utilization, which 
was about ten percent less than budgeted. Because the nominal rendezvous 
procedures, documented in detailed preflight reports, were followed very 
closely, they are not repeated. The significant deviations from planned 
procedures are discussed in the following paragraphs. 

A period of radar updating had been scheduled prior to the staging 
maneuver, but the crew reported they were unable to establish radar navi
gation updating as planned. This resulted from the command module atti
tude being outside the limits required for proper radar transponder cover
age. 

While under control of the abort guidance system, lunar module at
titudes deviated from expected during the staging maneuver. Telemetry 
data indicated the automatic mode was engaged twice for short periods 
prior to and at staging. Since the automatic mode had been used previ
ously to point the lunar module Z-axis at the command module, the guid
ance system returned the vehicle to that attitude. While considerable 
deviation in attitude was experienced temporarily (see section 15.2.14), 
no adverse effects on the rendezvous resulted. 

At the coelliptic sequence initiation maneuver, solutions for the 
lunar module out-of-plane velocity were obtained from both vehicle com
puters, with the Command Module Pilot reporting a plus 6.4-ft/sec and 
the Lunar Module Pilot obtaining plus 4.1 ft/sec. The command module 
solution was erroneously changed in sign and then compared with the lunar 
module value, thereby presenting an apparent disagreement to the crew. 
Since these solutions were both small in magnitude and appeared opposite 
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i n  sign ,  t he crew believed an out-of-plane correctio n to be unnecessary 
and elected to delay t hi s  correctio n until termi nal phase i nitiation, 
where i n-plane and out-of-plane solutio ns are combi ned. Act ually, t he 
agreeme nt i n  sign of t he out-of-plane velocity solutions was valid, si nce 
eac h vehicle computed precisely t he same parameter , the out-of-pla ne ve
locity of t he lunar module . A crew mi sunder standi ng of t he sign notation 
for t hi s  parameter exi sted and appare ntly resulted from t he fact that all 
command-module mirror-image solutions for rendezvous require a sign re
ver sal whe n used by t he lunar module crew . Since the determinatio n of 
l unar mod ule out-of-plane velocity i s  a separat e routine i n  t he command 
module computer and not a mirror-image solutio n, t hi s  parameter sho uld 
not be rever sed i n  sign when used for compari so n. T his fact had not been 
made clear e nough before flight ,  and t he crew was acti ng on what t hey be
lieved to be the correct compari so n  procedure . No diffic ulties were 
encountered by t hi s  mi sunder sta ndi ng and sub sequent delay in t he out-of
plane correction, si nce error s of t hi s  t ype do not increase (propagate ) .  
T hi s  sign conve ntio n will be ful ly defi ned i n  trai ni ng progra ms for future 
missio ns. 

4. 2.2 Command Module 

T he Command Module Pilot successfully performed all procedures re
quired duri ng bot h command-module-active translatio n  maneuver s, separa
tion a nd docking, and all lunar module maneuver s. As a result , t he 
Command Module Pilot was able to assist i n  determi ni ng t he maneuver s and 
was prepared at all times to perform a rendezvous. T he excellent per
formanc e of crew procedures duri ng this period was reflected i n  t he pro
pellant usage of t he service module reactio n control sy stem bei ng co nsid
erably less t ha n  t he budgeted value ( see sectio n 7 . 7 ) .  T hi s  savi ng re
sulted from mai ntai ni ng mi nimum attitude rates t hroug hout t he rendezvous 
and efficient execution of t he docking maneuver . Because t he nomi nal 
rendezvous procedures were followed very closely , only t he significant 
deviations from t he planned procedures are di scussed i n  t he followi ng 
paragraphs. 

Prior to undocking, an attitude di sper sio n i n  yaw developed because 
t he spacecraft was i n  t he wrong stabilization and co ntrol sy stem mode , 
but t he conditio n was quickly corrected. 

After undock ing, init ial c hecks of t he rendez vous radar were unsuc
cessful ; however, t he transpo nder power switc h i n  t he comma nd module was 
recycled a nd t he transpo nder and radar t hen operated normally ( see sec
tion 15.1.3). After separatio n, t he rendezvous navi gatio n program was 
selected later t ha n  planned; consequently , t he command module did not 
a ssume t he preferred track attitude . When transponder coverage was re
quested from t he l unar module, t he command module was maneuvered manually 
to t he required attitudes. 
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Af'ter insertion, the connnand module computer initially obtained an 
abnormal lunar module apocynthion altitude because a routine data entry 
procedure had been overlooked when the insertion maneuver was incorporated 
into the connnand module computer. This altitude discrepancy was promptly 
recognized by the Connnand Module Pilot, who then reloaded the maneuver 
and obtained the correct solution. 

The taking of navigation marks was discontinued 5 minutes earlier 
than specified by the checklist to allow more time for the final compu
tations of terminal phase initiation. 

The Command Module Pilot did not terminate the rendezvous naviga
tion program until after the terminal phase initiation maneuver. This 
delay enabled him to orient the command module to the proper track atti
tude innnediately after this maneuver, after which the terminal phase 
solution was incorporated into the command module computer. This rever
sal of the planned procedure to first incorporate lunar module maneuver 
data into the computer and then rotate to the track attitude did not 
impact the mission. 

4.3 GUIDANCE, NAVIGATION, AND CONTROL 

Rendezvous navigation was satisfactorily performed, based on the 
nearly nominal maneuver solutions and pilot reports of the minor correc
tive thrusting required during the intercept trajectory. A final compar
ison of the onboard state vectors with those from the best estimated tra
jectory is not yet available; however, preliminary indications are that 
the state vector update process in both vehicles was satisfactory. Visual 
tracking of the lunar module against a sunlit lunar background was diffi
cult when the sextant was used, and little sighting data are available. 

The computer interfaces, data incorporation routines, and recursive 
navigation processes of both the VHF ranging and rendezvous radar systems 
were thoroughly demonstrated. All solutions executed in the lunar module 
were computed by the onboard computer solely from rendezvous radar data. 
The close agreement between these completely independent measurement sys
tems lends evidence to the validity of both sets of data. These data were 
satisfactorily incorporated into the respective computers. 

All maneuver solutions executed during the rendezvous were compared 
with the velocity changes that had been predicted before flight (table 4-I), 
and the total velocity change required to perform all lunar module maneu
vers was within 1 percent of the predicted value. 
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During the rendezvous, a variety of maneuver solutions were available 
in the lunar module (table 4-I) . The out-of-plane velocity component was 
ca lculated during the coelliptic sequence initiation and constant differ
ential height maneuvers but was not used, thus accounting for the small 
out-of-plane error of minus 5.7 ft/sec at terminal phase initiation. 

Inertial component stabilities in the platforms of both spacecraft 
and in the lunar module abort sensor assembly were within specified limits. 
Platform alignments were sufficiently accurate to have no appreciable ef
fect on rendezvous targeting. The digital autopilots in both vehicles 
were used satisfactorily during the rendezvous sequence for attitude and 
translation control and for automatic positioning of the radar antenna 
and optical devices. The lunar module abort guidance system was occasion
ally used for automatic positioning to facilitate tracking the command 
module. 

4. 4 VISIBILITY 

The lighting situation during the Apollo 10 mission was essentially 
the same as will be experienced on the lunar landing mission. All re
quired sightings of landmarks, stars, and the target vehicle were success
fully made, and no major problems were uncovered. Figure 4-3 summarizes 
the significant visual events for each vehicle during the rendezvous. ------,. 
Therefore, presently defined procedures for platform alignments, rendez-
vous tracking, terminal phase lighting, and landmark recognition are com-
patible with the lighting environment planned for the lunar landing 
mission. 

4.5 VHF RANGING 

The VHF ranging system performed satisfactorily. The maximum range 
measured by the system was 340 miles, whereas the maximum specified 
operatipg range is 200 miles. Acquisition was also accomplished at ranges 
greater than 200 miles. All acquisitions were performed with a "hot-mike" 
configuration in the lunar module, which resulted in two false acquisi
tions. Both false indications were readily noted by the Command Module 
Pilot and reacquisition was accomplished normally. Range correlation be
tween the VHF ranging and the rendezvous radar was well within the error 
limits of the two systems. At ranges between 3000 and 300 feet, the crew 
reported that the two systems agreed within approximately 100 feet, which 
is well within specification limits. 
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Out-of'-p1ane ve1ocity, ft/sec 

Descent orbit insertion (descent engine) 

Phasing (descent engine) 

Insertion (ascent engine) 

_.., .. 

0.0 

-13.8 

99:46:01 

166.6 

o.o 
-59.4 

100:58:25 

189.8/11.1 

-183.2 

«>.2 

-123.5 

102:55:01 

46.6/lLl 

Coelliptic sequence initiation (lunar .:>dule reaction control) 

45.3 

0.0 

0.0 

103:45:55 

10lt:43:52 

+4.1 

1!5.9 

0.0 

0.0 

103:45:55 

10i!.:lt3:52 

+6.4 

45.3 

o.o 
o.o 

103:45:55 

10lt:43:51 
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Pre-rendezvous Actual target 
ncaina.l. solution 

o.o 
o.o 
2.5 

98:1t7:16 

1.8 

_.., .. 

o.o 
-13.8 

99:46:01 

166.6 

0.0 

-58.8 

100:58:26 

189.9/11.1 

-183.9 

«>.2 

-121J.o 
102:55:02 

46.0/10.1 

1!5.9 

0.0 

0.0 

103:45:31! 

47.8/41.9 

loll.:43:31 

o.o 

-0.1 

-0.2 

+3.2 

96:47:16 

-0.1 

-0.2 

«>. T 

62.9/51.7 

2.4 

_..,.8 

-0.3 

-13.3 

99:46:01 

-0.1 

-0.3 

-0.5 

6<1.9/8. 5 

166.6 

-0.5 

-58.5 

100:58:25 

<{).2 
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<{).2 
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*Velocity changes are shown in a 1oc&l vertical. coordinate systea lfith X aeaaured along the velocity vector, Z •asured radial.lJ' dowmrard, 
and 't aaeasured orthogonally to X and Z. 
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Ignition time, hr:min:sec . 
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- y 
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Resultant orbital altitudes , miles 

Elevation angle, deg 

'l'inte slip, min:sec . . . . . . .  . 

Velocity chllllge, ft/sec - X: 
- y 
- z 

Ignition time, hr:min:sec • 
Velocity change, ft/sec - X 

- y 
- z 

Ignition time, hr:ain:sec . 

Velocity change , ft/sec - I 
- y 
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TABLE 4-I.- SUloMARY OF RENDEZVOUS MAJfEUVERS - Concluded 

Lunar module eo-and JrDdule 
guidance guidance 

Ground 

Constant differential height (luna.r Dldule reaction control) 

+0.1 <{) . 3  1 . 5  

0.0 0.0 0.0 

3.0 2.9 2 . •  
104:43:53 104:43:52 104 :43:52 

47.9/41.0 

14.9 14.8 15.4 

-5.2 -4.2 

Terminal phase initiation (lunar module reaction control) 

+21 . 7 

-5.7 

-9 . 6  

105:22:56 

57 .9/47 ,g 
26.6 

1:55 

+21.7 

-4 . 8  

-9.3 

l05:23:ll 

58.0/47.9 

28.3 

2 : 10 

First m.idcourse correction (reaction control) 

0 . 0  

""·' 
+1.2 

105:31:56 

Second midcourse correction (reaction control) 

-0.8 

1 . 5  

-0.1 

105:52:56 

Braking (reaction control) 

18.5 

-2.6 

25.5 

106:05:49 

63. 3/56 ... 

-<>.8 

1.7 

-3.0 

105 :52:56 

18.5 

-3.0 

25.3 

106 :06:04 

No so1u-
tion 

Pre-rende2:vous Actual target 
noodna.l solution 

o.o o.o 
0.0 0.0 

1.7 3.7 

104 :43:31 104 :43:1!3 

+0.1 

0.0 

-<>.1 

47.0/42.1 48.8/42.1 

15.0 

0.0 

22.1 21.1 

0.0 -4.9 

-10.8 -9.1 

105:21:01 

o.o 
-0.1 

+0.1 

58.3/46.8 

26.6 

0:00 

o.o 
-0.4 

+1.2 

105:37:56 

-<>.8 

1 . 5  

1 . 7  

105:52:56 

18.6 Behind D:Xm 
0.1 

25.6 

1o6 :03:59 61J.0/56 . 3  

63.5/56.9 

•velocity changes are sbCIIJD in a local vertical coordinate system vith X measured along the velocity vector, Z measured radially dawmiard, 
and Y llf!asured ortbogonal.l7 to-X and z.  
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Command Module Sightings No. Device Lunar Module Sightings 

Tracked descent orbit insertion 9 Telescope Stars Antares and Acrux were used in 
maneuver darkness to perform a platfonn alignment 

Acquired lunar module at dawn 10 Crewman Saw command module at range of 2500 feet 
with telescope and tracked with sight after separation maneuver 
sextant to 14 miles range 1 1  Crewman Saw command module flashing light at 
Tracked lunar module prior to sight range of 0. 5 mile 
phasing maneuver 12 Unaided Saw thrusters firing during convnand 
Could not see phasing maneuver module separation maneuver 

Saw lunar module in sextant just 13 Visual and Monitored approach to landing site from 
after phasing; continued to mark landing phasing minus 25 minutes to phasing 
on lunar module point grid minus 10 minutes . Extremely easy to 

With sextant saw lunar module recognize landmarks and monitor grid 

in sunlight at 300 miles range track for position 

Tracked lunar module, although 14 Unaided Landing s ite recognized obliquely. No 

barely visible against sunlit 
washout over site prior to phasing 

surface , at a range of 140 miles 15 Unaided Saw command module in reflected sunlight 

Not possible to take navigation marks 
as a yellow dot at a range of 9 0  miles 

after the constant differential height 16 Unaided Command module light was not visible at 
maneuver unti I after sun had set sunset at range of 60 mi les 

1 7  Unaided Began to see command module light faintly 
at range of 42 miles just prior to the 
terminal phase maneuver 

Figure 4-3 .- Significant visual sightings during rendezvous. 
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5.0 COMMUNICATI ONS 

Performance of all communications systems , including t hose of t he 
command module and llmar module (see sections 7 . 4  and 8 . 4 )  and t he Man
ned Space Flight Network, was generally as expected. T he S-band commun
ications system provided good quality voice , as did t he VHF link within 
its normal range capabilities. T he performance of t he command module and 
lunar module S-band updata links was nominal . Real-time and plS¥back 
telemetry c hannel performance was excellent . Color television pictures 
of hig h  quality were received during eac h of t he sixteen transmissions 
from t he command module . The received uplink and downlink S-band signal 
levels corresponded to predictions . Communication system management , in
cluding antenna switc hing , was generally good. 

Two-wey p hase lock wit h t he command module S-band equipment was 
establis hed by t he Manned Space Flight Network prior to launch. The 
Merritt Island, Grand Bahama Island , Bermuda Island , and USNS Vanguard 
stations successfully maintained p hase lock through orbital insertion , 
except during station-to-station handovers . T hese handovers were accom
plis hed wit h a minimum loss  of data. During t he Bermuda cover age , t he 
uplink and downlink carrier power levels varied rapidly and data were 
lost at least once because t he antenna switc hing from omni B to omni D ,  
sc heduled for 0 : 06 : 15 ,  was not performed until 0 :10 : 12 .  

The USNS Mercury and Redstone s hips provided coverage of t he trans
lunar injection maneuver . Early handovers of t he command module and in
strument unit uplinks from Carnarvon to Mercury and of t he instrument 
unit uplink from Mercury to Redstone were performed because of command 
computer problems at Carnarvon and Mercury . T he combination of an early 
handover of t he instrument unit uplink and handover of t he command module 
uplink at a s cheduled time apparently caused operator errors within t he 
�rcury Station. T he Redstone transmitter was activated at t he s cheduled 
handover time ; however , t he Mercury transmitter was not de-energi zed until 
2 minutes 7 seconds later . T he presence of t he two uplink carriers caused 
difficulty in acquiring twO-WS¥ p hase lock at Redstone . Even after t he 
�rcury transmitter was turned off , t he Redstone still lost downlink p hase 
lock suddenly at 2 : 37 : 36 . 5  and could not reacquire s olid two-WS¥ lock . 

Prior to eac h rest period except t he first ,  t he S-band voice sub
carrier was switc hed off. With t he resulting signal combination , hig h
bit-rate telemetry could be received during approximately 25 percent of 
eac h passive-thermal-control revolution at a slant range exceeding 
200 000 miles . 
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Communications during the translunar and transearth coast phases 
were maintained by the crew switching between omni antennas or between 
omni and high gain antennas , by ground command switching between omni 
antenna D and the high gain antenna , or by ground command switching be
tween omni antennas B and D. The latter technique was used during the 
crew rest periods . 

The service module high gain antenna was used extens ively in lunar 
orbit , and the automatic reacquis ition mode was utilized with excellent 
results during crew rest periods . Telemetry and voice data recorded 
while the spacecraft line of s ight was occluded were played-back through 
the high gain antenna during each revolution .  Solid frame synchroni za
tion by the telemetry decommutation system was reported on each playback 
of command module data.  Solid frame synchroni zation was established on 
the lunar module data played through the command module recorder during 
the thirteenth revolution , and this was the only one of the attempted 
lunar module data dumps that contained dat a. All voice dumped at the 
recorded speed was of good quality . Voice dumped at 32 times the record 
speed was good at all 85-foot stations except Madrid. The 64-kilohert z 
post-detection voice filter at Madri d was relocated during the trans
earth coast phase and the problem was corrected. 

Downlink voice from the Command Module Pilot was not received at the 
Mission Control Center until approximately 14 minutes after acquis ition 
of signal in the twelfth lunar revolution .  Prior to acquisition of signal , 
the Goldstone station had been selected to relay voice ; however , no voice 
was received at the Mission Control Center until the Madrid station was 
requested to relay voice . Operator errors within the Goldstone station 
and at the Goddard Space Flight Center voice control center inhibited 
voice transmission to the Control Center .  To eliminate s imilar delays 
in establishing two-way voice communications during future missions , the 
backup stations will notiry the Network Controller in the Mission Control 
Center when vehicle transmiss ions are receive d  but are not being answered 
by the Communicator within the Control Center . 

The crew reported receipt of an echo during some dual-vehicle opera
tions . This echo was heard approximately 2 seconds after a downlink 
transmiss ion and at a level cons iderably lower than the normal uplink 
transmissions ; therefore , the echo was probably caused by cross-talk 
within the ground communications network ( s ee s ection 12 . 2 ) . 

During the fourth revolution , lunar module communications equipment 
was activated for the first time , and a special s eries of communications 
checks were performed.  During these checks , good quality voi ce and high
bit-rate telemetry were received while the spacecraft was operating in 
the PM and FM modes and transmitting through the s teerable antenna. Good 
quality high-bit-rate telemetry data were received and recorded through 



5-3 

the Goldstone 210-foot ant enna, and good quality low-bit-rate telemetry , 
backup voice,  and normal voice were received through the 85-foot antenna 
at Goldstone while the lunar module was operating on an omni antenna . 
Reception of normal S-band voice at the s ite was possible only because 
the line-of-s ight angle was within a pos itive gain region of the antenna . 
Since the gain distribution of the lunar module omni antennas is such 
that positive gain is available only within a small region of the antenna 
pattern, reception of normal voice through an 85-foot antenna can be ex
pected only over a narrow range of line-of-sight angles . 

During the check of the S-band backup up-voic e ,  in conjunction with 
backup down-voic e ,  the Capsule Communicator received his own transmissions 
delayed by the two-way transmiss ion time between the ground and the space
craft . This retransmission is normal when backup up-voice is used and 
the lunar module transmitter is keyed . 

The nominal received uplink and downlink carrier power levels , an
tenna selection, and normal and backup downvoice utilization for selected 
lunar module revolutions are presented in figure 5-l .  As shown in this 
figure , received uplink and downlink carrier power varied 6 dB peak-to
peak during steerable antenna operation between 98 : 41 : 14 and 98 : 53 : 38 .  
Variations of 2 dB peak-to-peak were noted between 99 : 0 2 : 00 and 99 : 07 : 58 ,  
at which time the signal was lost becaus e the antenna reached its gimbal 
limit s as the spacecraft was being maneuvered to a platform alignment 
attitude . The 6-dB variations in the received carrier power levels are 
not commensurate with correct antenna automatic tracking . Between 
98 : 41 : 14 and 98 : 48 : 00 ,  the line-of-sight to Goldstone was within a re
gion where s ignal reflection from the lunar module may have caused the 
variations . Between 98 : 49 : 00 and 98 : 5 3 : 38 ,  the line-of-sight to Gold
stone was outs ide this region, and the cause of the variation is unknown . 

At 99 : 34 : 5 7 ,  switching from the steerable to an omni antenna momen
tarily interrupted uplink phase lock . The transients resulting from the 
sudden loss-of-lock caused the lunar module transceiver to reacquire lock 
on an uplink subcarrier instead of the carrier . The Madrid station re
cognized the false lock and reacquired valid two-way lock at 99 : 37 : 58 .  

Between acquis ition of signal from the lunar module during the thir
teenth lunar revolution at 100 : 26 :20 and initiation of the phasing maneu
ver ,  steerable antenna auto-track was not maintained, and the omni antenna 
with b est orientation was selected . This antenna selection negated re
ceipt of high-b it-rate telemetry and degraded the downlink voice quality . 
The problem was probably caused by an improper switch configuration ( see 
section 15 . 2 . 4) .  The steerable antenna was reacquired prior to the phas
ing maneuver , and performance was nominal throughout the remainder of 
lunar module activities . 
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Selection of the omni antenna during the thirteenth revolution re
sulted in receipt of degraded voice at the Mission Control Center .  A 
review of the events surrounding selection of the omni antenna has shown 
that the backup down-voice mode was selected in accordance with the check
list . Playback of the voice recorded within the Goldstone station showed 
that excellent quality backup voice was received and recorded throughout 
the period of omni antenna usage . A playback showed that the speech level 
at the interface with the audio lines to the Mission Control Center de
creased when backup down-voice was selected . The decrease in speech level 
degraded the voice quality ; therefore , either a backup voice process ing 
configuration or equipment malfunctions within the Goldstone station 
caused the voic e  communication problems on the thirteenth revolution . 

The steerable antenna was pointed to earth , and the antenna manual 
mode was selected for the ascent propuls ion firing to propellant deple
tion . Except for a momentary loss of two-way lock following ascent-stage 
j ettison, this technique enabled continuous tracking of the ascent stage 
to approximately 122 hours . 
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6 .0 TRAJECTORY· 

The targeting data used to calculate the planned trajectory :from 
li:rt-o:f:f to spacecra:rt/S-IVB separation were provided by the Marshall 
Space Flight Center (ref. 1 ) ; after separation, the planned parameters 
are real-time predictions generated by the Real Time Computer Complex 
in the Mission Control Center. The actual trajectories are based on 
tracking data :from the Manned Space Flight Network. The orbital trajec
tory analysis is based on the best estimated trajectory generated after 
the :flight. 

The :following models were used :for the trajectory analysis: ( 1 )  the 
earth model was geometrically the Fischer ellipsoid but containing gravi
tational constants :for the spherical harmonics, and ( 2 )  the moon model 
was geometrically a sphere containing gravitational constants :for the R2 
potential . Table 6-I defines the trajectory parameters and orbital ele-' 
ments. 

6 . 1  LAUNCH PHASE 

The trajectory during S-IC boost was essentially nominal and is 
shown in figure 6-1 . The center and outboard engines cut off within 
1 . 7  seconds of the planned times; at outboard engine cutoff, velocity was 
high by 35 :rt/sec and :flight-path angle and altitude were low by 0 .6 de
gree and 1678 :feet, respectively. 

The trajectory during S-II boost was also nominal, as shown in 
:figure 6-1 . The launch escape system was jettisoned within 1 . 4  seconds 
of the predicted time. The S-II engines cut off within 1 . 4  seconds of 
the planned times. The velocity and altitude were low by 43 :rt/sec and 
2930 :feet, respectively, and the flight-path angle was high by 0 .007 de
gree. 

The small trajectory deviations during S-IC and S-II boost converged 
during the S-IVB :firing, and the trajectory :followed the predicted profile 
through parking orbit insertion. The S-IVB engine cut off within 1 sec
ond of the planned time. At cutoff, altitude was low by 102 :feet, and 
:flight-path angle and velocity were nominal. 
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6 . 2  EARrH PARKING ORBIT 

The spacecraft/S-IVB combination was inserted into earth parking 
orbit at 0 :11 : 5 4  with the conditions shown in table 6-II . The parking 
orbit was perturbed by the propulsive venting of liquid oxygen through 
the S-IVB engine until 2 : 23 : 49 ,  the time of preparation for S-IVB restart . 
Figure 6-2 shows the ground track for the parking orbit. 

6 . 3  TRANSLUNAR INJECTION AND SEPARATION 

The S-IVB was reignited for the translunar inj ection maneuver at 
2 : 3 3 : 27 . 6 , which was within 3 seconds of the predi cted time . As shown 
in figure 6-3 ,  the maneuver conditions were nominal , and the engine was 
cut off at 2 : 39 : 10 . 5 ,  with translunar injection defined as 10 seconds 
later. Table 6-II presents the conditions for this phase . 

The translunar injection maneuver was performed with excellent re
sults . The resulting pericynthion altitude solution was 907 . 7  miles , as 
compared with the preflight prediction of 9 56 . 8 miles . This altitude 
difference is consistent with a 0 . 5-ft /sec accuracy in the injection 
maneuver .  Upon completion of circumlunar flight , earth capture of the 
spacecraft would have been as sured, since the uncorre cted flight-path 
angle at entry was minus 64 . 24 degrees . The s ervice module reaction con
trol system could eas ily have adjusted these entry conditions to accept
able values if the service propulsion system had failed. 

Separation of the command and s ervice modules from the S-IVB was 
initiated at 3 :02 : 42 and docking was completed at 3 :17 : 3 7 ,  but the esti
mated distance at turnaround was reported to have been 150 feet , instead 
of the intended 50 feet . Crew procedures for this maneuver were based 
on those for Apollo 9 and were executed properly ; however , a reduced 
S-IVB weight from Apollo 9 and the fact that some plus -X trans lation 
velocity remained when an attempt was made to null the separation rate 
probably resulted in the increased separation distance . The lower S-IVB 
weight affected s eparation in that the impulse derived during firing of 
the pyrotechnic separation charge and the velocity gained from any reaction
control plume impingement would both be greater than expected. Each of 
these effects have been analyzed, and results show the increased separation 
distance can be accounted for within the estimation accuracy of the crew . 

The spacecraft were ejected normally and then separated from the S-IVB 
by a small service propulsion maneuver at 4 : 39 :10 . The S-IVB was then 
placed into a solar orbit , as in Apollo 8, by propulsively venting the re
sidual propellants through the engine for an impuls ive velocity gain so  
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that the stage passed the trailing edge of the moon . The resultant orbit 
had a period of 344 . 9  days and apohelion and perihelion altitudes of 
approximately 82 100 000 and 73 283 000 miles , respectivelY. 

The best estimated traj ectory parameters for each maneuver are pre
sented in table 6-II . Tables 6-III through 6-V present the respective 
maneuver parameters for each propulsive event and the resulting orbital 
parameters . The free-return conditions shown in table 6-VI indicate the 
entry interface conditions resulting from each translunar maneuver, as
suming no additional orbit perturbations . The included results are based 
on guidance system telemetry data and on network tracking information . 

6 . 4  TRANSLUNAR MIDCOURSE CORRECTION 

The first and only translunar midcourse correction ,  which was pre
planned, was executed at 26 : 32 : 56 . 8 ,  using the service propulsion system. 
The targeting for this midcourse correction was based on a preflight con
sideration to have the orbit inclination such that the lunar module ap
proach azimuth to the landing site would be very close to that for the 
first lunar landing . The translUnar injection targeting, however, was 
still optimum for the earth-moon geometry and launch-window constraints 
imposed by the May 18 launch date . A resulting pericynthion altitude of 
60 .9 miles was indicated for the executed 49 . 2  ft/sec firing. The maneu
ver results indicate that an adjustment of 0 . 39 ft /sec would have been 
required to attain the des ired nodal position at the moon and 0 .14 ft/sec 
to correct the perilune altitude error . 

At the time for the third midcourse correction option (22 hours 
prior t o  lunar orbit insertion), a velocity change of onlY 0 . 7  ft/sec 
would have satis fied nodal targeting constraints . However , this maneu
ver was not executed since the real-time solution at the fourth correc
tion option, 5 hours before orbit insertion, was only 2 . 8  ft/sec . 

Approximately 7 hours prior to lunar orbit insertion, a velocity 
change of onlY 3 . 6  ft/sec was calculated to satisfY the nodal targeting 
constraints . However, the perilune altitude was in error such that onlY 
a 0 . 75 ft/sec correction would actuaily be required . The extra velocity 
change required was for nodal targeting to correct for time dispersions . 
Neither constraint was considered mandatory, and the decision was made 
not to execute a further midcourse correction, sinc e  the perilune alti
tude at 3. 5 hours prior to orbit insertion was determined to be 60 .7 
miles, very clos e to nominal . 

The translunar trajectory is shown in figure 6-4 . 



6-4 

6 . 5  LUNAR ORBIT INSERTION AND CIRCULARIZATION 

The lunar orbit insertion maneuver was executed using the service 
propulsion system . The firing was very near nominal , with a resultant 
orbit of 170 .0  by 60 . 2  miles , as compared with the planned orbit of 
169 . 2  by 59 . 5  miles . 

The circularization maneuver was preceded by a 18 . 1  second propellant 
settling firing by the reaction control system. The orbit after cutoff 
of the service propuls ion system was only slightly elliptical ( 61 .0 by 
59 . 2  miles ) and did not impos e a significant change to the initial con
ditions at rendezvous . 

The altitude of the lunar module above the vicinity of Apollo Land
ing Site 2 was 56 783 feet . However , the lowest approach to the lunar 
surface ( from landing radar determination) was 47 400 feet . 

6 .6 RENDEZVOUS 

The trajectory analys is for the rendezvous is presented in sec
tion 4 ,  but the traj ectory parameters and maneuver results are presented 
in tables 6-II and 6-IV .  A ground track is shown in figure 6-5 and an 
altitude profile is indicated in figure 6-6 . 

6 .  7 TRANSEARI'H INJECTION 

The transearth inj ection maneuver was so precise that no transearth 
midcourse correction would have been required for a proper entry corridor 
at earth . The resulting flight-path angle predicted at the entry inter
face was minus 7 . 04 degrees , which would have required only a 0 .6 ft/sec 
correction at the first transearth option point . Table 6-V presents the 
trajectory results for trans earth inj ection . The best estimated traj ec
tory at 15 hours before entry predicted an entry flight-path angle of 
minus 6 . 69 degrees , only 0 . 17 degree from the planned value . A hydrogen 
purge and water evaporator usage during transearth coast perturbed the 
trajectory, and the effects of these at the entry interface are presented 
in table 6-VI . 
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6 . 8  TRANSEARTH MIDCOURSE CORRECTIONS 

The only transearth midcourse correction, a 2 . 2  ft/sec impulse ,  was 
initiated about 3 hours before entry and the results are shown in 
table 6-V. 

6 . 9  COMMAND MODULE ENTRY 

The actual entry trajectory is shown in figure 6-7 . The actual 
parameters were generated by correcting the guidance system accelero
meter data for known inertial measurement unit errors . Tabie 6-VII pre
sents the actual conditions at the entry interface . The entry flight
path angle was 0 .02 degree steeper than planned and resulted in a peak 
load factor of 6.78g . The guidance system indicated only a 1 . 4-mile over
shoot at drogue parachute deployment , and the postflight traj ectory re
construction indicates a corresponding 1 . 3-mile overshoot . 

6 . 10 SERVICE MODULE ENTRY 

Following connnand -module/service module separation, the service mod
ule reaction control system should have fired to fUel depletion ; this 
firing was to insure that the service module would not enter and endanger 
the command module and the recovery forces • Real-time evaluation indi
cated that the reaction control propellant remaining at separation cor
responded to approximately 370 seconds of firing time . In terms of veloc
ity, this should have resulted in a positive velocity change of 370 ft/ 
sec , sufficient to have caused the service module to enter the earth 's 
atmosphere and then skip out (because of the shallow flight-path angle 
and near parabolic velocity ) .  The resulting trajectory would either have 
been a heliocentric orbit or an earth orbit with an apogee in excess of 
a million miles • 

Tracking data predictions indicate that the service module did not 
skip out but landed in the Pacific Ocean about 500 miles uprange from the 
command module . C-band radar skin tracking from the Redstone ship indi
cated the impact point of the service module to be 19 .14 degrees south 
latitude and 173 . 37 degrees west longitude . Based on the separation at
titude and service module weight of 13 072 pounds , an effective velocity 
change of only 55 ft/sec would have resulted in an impact at this location . 

Therefore ,  either the service module became unstable in attitude 
some time during the firing or the firing terminated prematurely . Six
degree-of-freedom s imulations have shown that tumbling during the firing 
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is very unlikely , and past experience and ground testing of the reaction 
control thrusters indicate that a premature thrust termination is not 
probable . Although recontact between the two modules was virtually impos
sible bec ause of the out-of-plane velocity at s eparation , no conclusive 
explanation for the uprange impact location can be given at this time . 
A supplemental report will be published after a thorough dynamic analysis 
of service module s eparation .  

6 . 11 LUNAR ORBIT DETERMINATION 

As on Apollo 8 ,  the most s ignificant navigation errors were encoun
tered in lunar orbit.  However ,  the general quality of the orbit deter
mination and prediction capabilities was considerably better than that 
of Apollo 8 because of a more effective data processing procedure and 
the use of a greatly improved lunar potential model.  

The procedure for orbit determination during Apollo 8 included tra
jectory fits for only one front-s ide pas s , whereas for Apollo 10 , two 
pass fits were employed with considerably greater accuracy . With a more 
precisely determined orbit , the prediction capability was correspondingly 
improved .  However ,  this improvement was largely restricted to in-plane 
elements , since determination of the orbit plane was found to be more 
precise with a one-pass solution than with two passes . This fact stems 
frcm a known de ficiency in the new lunar potential model ,  called the R2 
Model.  The following table compares the orbit prediction capabilities 
for Apollo 8 and 10 • with data added to indicate the accuracy expected 
before the Apollo 10 flight using the R2 Model . 

Pos ition parameter 

In-plane 

Down track 

Radial 

Cross track 

Position errors , 

Apollo 8 

inflighta 

15 000 

1 500 

500 

Apollo 10 

preflight
b 

3000 

500 

500 

ft/rev 

Apollo 10 

inflight 

2000 

500 

2000 

�ased on triaxial moon model. 
b Based on Apollo 8 postflight results and use of R2 Model . 
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TABLE 6-I . - DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS 

Parameter 

Geodetic latitude 

Selenographic latitude 

Longitude 

Altitude 

Space-fixed velocity 

Space-fixed flight-path 
angle 

Space-fixed heading 
angle 

Apogee 

Perigee 

Apocynthion 

Pericynthion 

Period 

Definition 

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

Spacecraft position measured north or s outh 
from the true lunar equatorial plane to the 
local vertical vector , deg 

Spacecraft position measured east or west from 
the reference body 's prime meridian to the 
local vertical vector , deg 

Perpendicular distance from the reference body 
surface to the point or orbit intersect , 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 hori zontal plane 
to the inertial velocity vector , deg 

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

Maximum altitude above the oblate earth model , 
miles 

Minimum altitude above the oblate earth mode l ,  
miles 

Maximum altitude above the moon mode l ,  miles 

Minimum altitude above the moon mode l ,  miles 

Time required for spacecraft to complete 
360 degrees of orbit rotation , min 
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TABLE 6-II.- TRAJECTORY PARAMETERS 

Ref . Tillie, La.titude, Lo118itude, Altitude , Space-fixed Space-rixed Space-fixed 
Event body hr:lllin:sec deg deg miles velocity, flight-path beading angle, 

n./sec angle, deg deg E of It 
Launch Phase 

S-IC center engine cutoff Earth 0:01:15.2 28.7511 &l . l6v 23.4 6 473 22.81 76.46 

S-IC outboard engine cutoff Earth 0:02:41.6 22.881 79-TlW 35.2 9 029 18.95 75.54 

S-II inboard engine cutoff' Earth O:OT:4o.6 31.1211 fi] . 49W 96.7 18 630 1.03 79.57 

S-II outboard engine cutoff Earth 0:09:12.6 31-92R 61i.02W 101 .2 22 632 0.74 82.46 

3-IVB engine cutoff Earth O:ll:43.8 32.68H 53.29W 103.4 25 563 0.01 68.50 

Parking Orbit 
Parking orbit insertion Earth O:ll:54 32-TOR 52.5:3W' 103.3 25 568 o.oo 88.93 

5-IVB restart preparation Earth 2:07:09 32.678 92. 37E 106.3 25 568 0.03 91-?9 

Translunar Injection 

8-IVB ignition Earth 2:33:27.6 25.768 135. 54E 106.9 25 561 o.os 69.n 

5-IVB cutoff Earth 2 : 39:10.5 ll&.OTS l59.13E 112 .7 35 586 6 .92 61.26 

'l'ra.ns1Wlar injection Earth 2 : 39:20.5 13.6]5 159-92E 119-9 35 563 7-38 61.06 

COQil8lld IIIIOdul.e/S-IVIJ separation Earth 3:02:1>2.4 23.00H 139 .35W 3 503-3 25 556 "-3-93 67.117 

Separation maneuver 
Ignition Earth 4:39:09.8 31 - 70H ll4.86w 11 938-5 14 220.2 65.15 91.21 
Cutoff Earth 4:39:12.7 31.1011 ll4.81W 11 944.1 14 203.7 65.10 91.22 

First aidcourse correction 
Ignition Earth 26:32:56.8 26.34IJ 49.82W llO 150.2 5 Q94 . 1J  17-30 lo8.36 
Cutoff Earth 26:33:03.9 26.3411 49.85W 110 155-9 5 111.0 71-60 108 .92 

Lunar Orbit Phase 

Lunar orbit insertion 
Ignition Moon 75:55:54.0 1 . 76s 162.68w 95-1 8 232.3 -1.1.70 -65.71 
Cutoff Moon 76:01 : 50 . 1  0 . 19R nli.6oE 61.2 5 471.9 -0.90 -77.75 

LUDar orbit circularization 
Ignition -m 8o:25:08.1 0 .55R 153.1J6E 6o . 4  5 464.7 -0.01 -84.79 
Cutoff -m 8o:25:22.0 0.57Jl 152.70E 59-3 5 31J8.9 0.01 -85.09 

Undocking Moon 98:ll:57 0.521!1 146. 1J2E 511 .1 5 357-9 .. ().09 -83.7 

Separation 
Ignition Moon 98:47:17.4 0.6211 38.31E 59-2 5 352.2 0.15 -90.84 
Cutoff Moon 98:47:25.7 0.6}]1 38.00E 59.2 5 352 . 1  0.15 -90.84 

Descent orb! t insertion 
Ignition Moon 99:46:01.6 o.66s l39 .61W 61.6 5 339.6 -0.15 -89.19 
Cutoff Moon 99:46 : 28.0 0.69:3 141.12W 61.2 5 271.2 -0.03 -89-13 

Pba.s ing maneuver 
Ignition M�n 100 :58:25.9 0.225 11.19W 17.7 5 512.4 1 . 19 -91.09 
Cutoff M�n 100:59:05.9 O. Jlls 13.67W 19.0 5 672.9 1.88 -91.05 

Stae;ing ·� 102:45:16.9 O.B2N 51.231!: 31.4 5 6o5.6 -3.06 -90.75 

.Ascent orbit insertion 
Ignition M�n 102:55:02.1 0. 3011 19-588 n.6 5 705.2 -0.78 -9l.o6 
Cutoff ·� 102:55:17.6 0.299 18.72E 11.7 5 520.6 0 . 49 -91.06 

Coe1liptic sequence initiation 
lgnit.ion Moon 103:45:55-3 o.6ljs 141.51W 44.7 5 335.5 -0.16 -6;1.10 
Cutoff Moon 103:46:22.6 0.588 1lt.3.13W 44.6 5 381.7 -0.19 .. &) .08 

Coi'IStant differentia.l height 
Ignition -n 104 :43:53.3 0.59B 36.981! 44.3 5 394.7 0.20 -90.91 
Cutoff Moon 104:43:55.0 0.59B 36.891!: 43.8 5 394.9 0.17 -90-92 

Tendnal. phase initiation 
Ignition Moon 105 :22:55.6 l.oBs 84.16w 48.4 5 369.2 -0.02 -90.04 
Cutoff Moon 105 :23:12.1 1-095 85.63W 47.0 5 396-7 -0.10 -90.34 

Doell ... Moon 106:22:02 1 .1211 94.03Z 54 . 7  5 365.9 0.03 -&>.70 

l'ioaJ. separation 
Ignition Moon 108 :43:23.3 0.681f 23-2'1'E 57-3 5 352.3 0.21 -90-95 
Cutoff Moon 108:43:29.9 0.6711 22.91!.1: 57.6 5 352.1 0.21 -90.95 

Ascent engine f'iring to depletion 
Ignition Moon 108:52 :05.5 0.1811 3.23V 59.1 5 343.0 0.21 -91.15 
Cutoff Moon 108 :56 :14.5 o.44w 20.221< &>.7 9 056.4 ll.63 -90.81 

Transearth inJection 
Ignition Noon 137-:36:28.9 0. 348 155-72!: 56.0 5 362.7 -0.44 -n.6o 
Cutoff ""� 137:39 : 13-7 0.4211 1144.62B 56.5 8 987.2 2.53 -76.68 

'lra.Dsea.rth Phase 

Second ad.dcourse correction 
Ig:oition Earth 188:.1!.9:58 0.59. 88.64E 25 570-"- 12 54o.o -69.65 119.34 
Cutoff Earth 188:50:0.1!.. 7 0.598 88.82E 25 551.4 12 543.5 -69.64 ll9.3b 



TABLE 6-III .- TRANSLUNAB MANEUVER SUMMARY 

Velocity Resultant pericynthion conditions 
Ignition time , Firing time , 

Maneuver System 
hr :min:sec sec change , 

Altitude , Velocity , Latitude , Longitude , Arrival time , ft/sec miles ft/sec deg deg hr:min:sec 

Translunar injection S-IVB 2 :33:27 . 6  342.9 907 . 7  6596 4 . 39N 170 . 97W 76 : 10 :18.4  

Command and service mod- Reaction control 3 : 02:42 . 4  3. 3  0 . 7  898. 9  66o8 4 . 33N 171. 06W 76 :10 :19 . 1  
ule/8-IVB separation 

Spacecraft/S-IVB Service propulsion 4 : 39 :09.8 2.9 18 . 8  286.1 7674 3 . 61N 179 . 32W 76 : 4 0 : 0 1 . 4  
separation 

First midcourse correc- Service propulsion 26 : 32 : 56 .8 7 · 1 49 .2 60 . 9  8352 o . 67N 177. 65E 76:00:15 . 2  
tion 

) ) ) 



TABLE 6-IV.- LUNAR ORBIT MANEWER SUMMARY 

Velocity 
Resultant orbit 

Ignition time , Firing t ime , 
Maneuver System 

hr :mi n : sec 
change , 

Apocynthion , Pericynthion , sec 
ft/sec 

miles miles 

Lunar orbit insertion Servic e  propulsion 75 : 5 5 : 54 . 0  356 . 1  2982 . 4 170 . o  6 0 . 2  

Lunar orbit c ircularization Service propulsion 80 : 2 5 : 0 8 . 1  1 3 . 9  139 . 0  61 . 0  5 9 . 2  

Command module /lunar module Command module 9 8 : 47 : 17 . 4  8. 3 2 . 5 62 . 9  5 7 · 7  
separation reaction control 

Descent orb it insertion Descent propulsion 99 :46 : 01 . 6  27 . 4  71 . 3  6 0 . 9  8. 5 

Phasing Descent propulsion 100 : 58 : 2 5 . 9  40 . 0  176 . 0  190 .1 12 . 1  

As cent orbit insertion Ascent propulsion 102 : 5 5 : 0 2 . 1  15 . 5  220 . 9  46 . 5  11 . 0  

Coelliptic s e�uence initia- Lunar module 103 : 45 : 5 5 . 3  27 . 3  45 . 3  48 . 7  40 . 7  
tion reaction control 

Constant differential Lunar module 104 : 43 : 53 . 3  1 . 7  3 . 0  48 . 8  42 . 1  
height reaction control 

Terminal phase initiation Lunar module 10 5 : 22 : 5 5 . 6  16 . 5  24 . 1  58. 3 46 . 8  
reaction control 

Final separat ion Lunar module 108 : 43 :2 3 . 3  6 . 5  2 . 1  64 . 0  56 . 3  
reaction control 

Ascent engine firing to Ascent propuls ion 108 : 52 : 0 5 . 5  249 . 0  4600 . 0  -2211 . 6  5 6 . 2  
depletion 



TABLE 6-V.- TRANSEARTH MANEWER SUMMARY 

Firing Velocity Resultant entry interface conditions 

Event System 
Ignition time , 

time , change , 
hr :min :sec Flight-path Velocity , Latitude , Longitude , Arrival t ime , sec ft/sec 

angle , deg ft/sec deg deg hr :min : sec 

Transearth injection Service propulsion 137 : 3 6 : 2 8 . 9  164 . 8  368o . 3 -7 . 04 36 314 . 8  2 3 . 908 173.44E 191 : 48 : 38. 9 

A:f'ter hydrogen purge and Not applicable 177 : 01 :00 N/A 0 . 3  - 6 . 69 36 314 . 7  23. 698 174 . llE 191 : 4 8 : 5 0 . 9  
water boiler dump 

Second midcourse correc- Reaction control 188 : 49 : 58 . 0  6 . 7 2 . 2  -6 . 54 36 314 . 0  2 3 . 605 174 . 39E 191 : 48 : 54 . 4  
t ion 

TABLE 6-VI . - FREE RETURN CONDITIONS FOR TRANSLUNAR MANEUVERS 

Entry interface conditions 

Vector description 
Vector time, 

hr : min : sec Veloc ity , Flight-path angle , Latitude , Longitude, Arrival time, 
ft/sec deg deg deg hr:min:sec 

After translunar injection 2 : 41 : 00 36 083 -64 . 24 20 . 47N 62 . 95W 167 : 50 : 04 . 8  

After command and s ervice 4 : 31 : 00 36 084 -64 .72 21 . 32N 58 . 8 3W 167 : 36 : 47 . 5  
module/S-IVB separation 

After separation maneuver 7 :21 : 00 36 121 -64 . 48 1 8 . 38N 98 . 89W 1 5 3 : 1 3 : 0 5 . 6  

After first midcourse correction 29 : 2 1 : 00 36 140 -13.18 7 . 388 5 4 . 50E 149 : 31 : 0 3 . 3  

Before lunar orbit insertion 72 : 21 : 00 36 140 -13.19 7 . 368 54 . 54E 149 : 30 : 47 . 6  

) ) 



TABLE 6-VI I . - ENTRY TRAJECTORY PARAMETERS 

Entry interface ( 400  000 feet altitude ) 

Time , hr :min : s ec 

Geodetic latitude , deg south 

Longitude , deg east 

Altitude , miles • •  
Space-fixed velocity , ft/sec 

Space-fixed flight-path angle , deg 

Space-fixed heading angle , deg east of north 

Maximum conditions 

Velocity , ft/sec 

Accelerat ion , g 

Drogue deployment 

Time , hr :min : s ec 

Geodetic latitude , deg south 

Recovery ship report 
Best-estimate trajectory 
Onboard guidance 
Target • • • . • • • • • 

Longitude , deg west 

Recovery ship report 
Best-estimate traj ectory 
Onboard guidance 
Target • • • . • • • • • 

. . 

6-13 

191 : 4 8 : 54 . 5  

23. 60 

174 . 39 

65 . 8  

36 314 

-6 . 54 

71 . 89 

36 397 

6 . 78 

191 : 57 :18 . 0  

15 . 03 
15 . 06 
15 . 07 
15 . 07 

l64. 65 
164 . 65 
164. 65 
164. 67 
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7 . 0  COMMAND AND SERVICE MODULE PERFORMANCE 

7-l 

Performance of command and service module systems is di scus sed in 
this s ection . The sequential , pyrotechnic , thermal protection ,  earth 
landing , power distribution , and emergency detection systems operated 
as intended and are not documented.  Dis crepancies and anomalies are 
mentioned in this sect ion but are dis cus sed in detail in section 15 . 

7 .1 STRUCTURAL AND MECHANICAL SYSTEMS 

7 .1.1 Structural Loads 

Spacecraft structural loads , based on measured-acceleration , angular 
rate , aerodynami c ,  and engine-performance dat a ,  were less than des ign 
values for all phases of flight . 

At lift-off , peak wind gusts were 20 knots at the 60-foot level and 
82 knots at 47 000 feet . The predicted and calculated space craft loads 
at lift-off , in the region of maximum dynamic pressure , at the end of the 
first stage boost , and during staging are shown in table 7 .1-I . 

The crew reported having experienced an oscillatory longitudinal 
acceleration during S-IC shutdown and staging . During this staging , the 
maximum negat ive acceleration was 0 . 55g in the command module . The longi -

· tudinal accelerat i ons measured in  the command module agreed well with the 
predicted _ values (fig .  7 .1-l) . Accelerometer data indi cat� no structur
ally significant os cillations during the S-II and first S-IVB firings . 
The crew reported low-level , high-frequency lateral and longitudinal os cil
lations during the S-IVB translunar inj e ction firing. The maximum ampli
tude , as measured at the command module forward bulkhead, was 0 . 0 5g at 
combined frequencies of 15 and 50 hertz ; this amplitude is well within 
acceptable structural levels . 

Marshall Space Flight Center has determined that the 15 hertz fre
quency is consistent with the uncoupled thrust oscillations produced by 
the J-2 engine and the 50 hertz frequency i s  consistent with the oscilla
tions produced by cycling of the hydrogen tank non-propulsive vent valves . 

Although the docking hardware was not instrumented ,  the initial 
contact conditions for both docking events produced only minimal loading 
of the probe and drogue . Bas ed on analysis of onboard film and crew 
comments , the following conditi ons demonstrate nearly perfect docking 
operat ion . 
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Axial velocity at contact , ft/sec . 
Lateral velocity at contact ,  ft/s ec 
Angular velocity at contact , ft/sec 
Angular misalignment at contact ,  

deg . . • • . . • • • 
Lateral displacement at 

contact , in . . • . .  
Initial contact-to-capture time , 

sec • • • . • • • . • . • · · 
Probe retraction time , sec 
Docking ring contact velocity, 

ft/sec . . • • . . . • • . . 
Roll attitude misalignment after 

docking, deg • • • • . • . . • 

First 
docking 

<0 . 3  
0 
0 

0 

1 .0 

<1 
7 . 0  

0 .1 

-0 . 1  

Second 
docking 

<0 . 3  
0 
0 

0 

<l 

+0 . 1  

The command module angular rates during the first docking were less 
than 1 . 0  deg/sec prior to probe retraction and 1 . 75 deg/s ec during ring
latch actuation . The maximum calculated bending moment at the docked 
interface was 330 000 in-lb , well within structural limits . No rate data 
were recorded during the s econd docking ; however , because of the similar
ity in initial conditions and the lower lunar module inertia , loads are 
believed to have been less than during the first docking . 

Structural loads during 
within design limit values . 
celeration was 6 . 78g . 

7 . 1 . 2  

all servic e  propuls ion maneuvers were well 
During entry, the maximum longitudinal ac-

Mechanical Systems 

All mechanical systems performed nominally . 

The undocking procedure requires the crew to verify that command 
module roll commands are inhibited until the command module cabin-to
tunnel differential pressure is 3 . 5  ps id or greater . This pressure mini
mum was not attained on Apollo 10 because the tunnel could not be vented . 
Prior to the first undocking , the roll engines were fired while the dif
ferential pressure was les s than 3 . 5  ps id while the docking latches were 
dis engaged. As a result , the command module moved 3 . 5  degrees in roll 
with respect to the lunar module ,  but this slippage caused no difficulty . 
Tests have shown that relative movements of at least 180 degrees are per
mis sible . 
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Four retaining springs were added on Apollo 10 to contain the docking
ring pyrotechnic charge holder following lunar module j ettison . The two 
springs on the minus Y side failed to �apture the charge holder . This i s  
dis cuss ed further in s ect ion 15 . 1 . 20 .  

7 .1. 3 Thermal Control 

The temperature responses of all pas sively controlled elements re
mained within normal operat ing limits . Passive thermal control during 
the translunar and transearth coast phases involved a roll maneuver of 
three revolutions per hour , with the spacecraft longitudinal axis main
tained perpendicular to both the sun-earth and earth-moon lines . This 
technique was used for 5 4  hours of the 73-hour translunar coast period 
and 36 hours of the 54-hour trans earth coast .  Temperatures for the ser
vice propuls ion and reaction control system tanks remained within a range 
of 57° to 87° F .  During peri ods when pas sive thermal control w as  not 
used in coasting flight , thes e temperatures ranged from 54° to 95° F .  

In lunar orbit , the only passive thermal control employed was dur
ing the crew sleep periods ; for thos e ,  the space craft longitudinal axis 
was maintained at 45 degrees to the sun line . Duri ng the first sleep 
period , the temperature of the helium tank in service module reaction 
control quad A reached 98° F .  The helium tank temperature is monitored 
as a measure of reaction control propellant tank temperature , whi ch is 
not instrumented.  An allowable maximum limit of 108° F on the helium 
t ank was established. This limit was set to preclude the propellant t ank 
temperatures from exceeding the allowable of 118° F .  Because the quad A 
helium tank temperature was approaching 108° F ,  the orientation of the 
solar impingement point was changed from between quads A and B to directly 
on quad B for the remaining sleep periods . Service propulsion tank tem
peratures in lunar orbit varied from 57° F ( 27° above minimum) to 90° F 
(18° below maximum) . At the same time , reaction control helium tank tem
peratures varied between 60° F (13° above minimum) and 101° F ( 7° below 
maximum) . 

Some insulation on the forward hatch was blown loose during tunnel 
pressuri zation , and particles were dispers ed throughout the cabin . No 
insulation remained after entry . This problem i s  dis cussed in section 
15 .1.17 . 



TABLE 7 . 1-I .- MAXIMUM SPACECRAFT LCADS DURING LAUNCH PHASE 

Lift-off Maximum qo. End of first-stage boost Staging 
Interface Loa.d 

Predicted
b 

Predicted
b 

Predicted
b 

Predicted
b Calculated a 

Calculateda. Calcula.teda. 
Calculated

a. 

Launch escape Bending moment , in-lb 670 000 1 010 000 637 000 510 000 193 000 172 000 105 000 94 000 
SfStem/command. 

Axial force , lb -12 500 -11 000 -23 200 -24 000 -35 400 -35 800 5 200 6 000 
module 

Command module I Bending moment , in-lb 890 000 1 340 000 717 000 520 000 710 000 594 000 155 000 140 000 
service module 

Axial force , lb -29 700 -36 000 -91 4oo -84 000 -84 200 -89 600 12 300 14 000 . . 
Service module/ Bending moment , in-lb 2 490 000 1 590 000 2 510 000 2 810 000 450 000 404 000 
adapter 

Axie.l force , lb -201 200 -194 500 -288 000 -296 000 35 000 40 000 
Adapter/instru- Bending moment , in-lb 9 052 000 7 100 000 4 050 000 5 o6o 000 850 000 760 000 

ment unit Axie.l force, lb -296 000 -293 200 -426 000 . -441 000 57 000 65 000 

NOTE : Negative axial force indicates compression. 

The flight conditions at maximum qo. were : The accelerations at the end of first-stage boost were : 

Condition Measured Predicted
b Accelera.tion Measured Pred.icted

b 

Flight time , sec 82 . 6  81 . 1  Longitudinal , g 3.97 4 . 04 
Mach no. 1 . 7  1. 7 Le.tere.l, g 0.06 0 . 05 
Dynamic pressure 1 ps f 695 670 
Angle of attack. deg 4 .  07 3 . 95 
Maximum qa, ps f-deg 2760 2660 

a.
Calculated from flight data. 

b
Predicted Apollo 10 loads for Saturn V, block II design conditions . 

) ) 
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7 . 2  ELECTRICAL POWER 

7 . 2 .1 Fuel Cells 

The three fuel cells were activated 57 hours prior to launch and 
shared the spacecraft loads with ground support equipment until they 
assumed the full load 12 hours prior to launch . 

The fuel cells provided approximately 387 kW of energy at an average 
total current of 70 amperes and an average bus voltage of 29 V de for 
three-cell operat ion and 28 V de for two-cell operation .  Based on total 
generated power , reactant consumption was 35 pounds of hydrogen and 
276 pounds of oxygen ,  excluding purges ;  these quantities agree with meas
ured cryogenic quantities . 

At 120 : 46 : 49 , a short in the ac pump package ( or it s associated wir
ing ) for fuel cell 1 caused the associated circuit breaker to trip . At 
tempts to reset the breaker resulted in a master alarm and i llumination 
of bus undervoltage and failure lights ; therefore , fuel cell 1 was removed 
from the bus . The failure in the pump c ircuit is dis cussed in section 
15 . 1 . 7 .  Subsequently , fuel cell 1 was kept operative by connecting it  
to  the bus only when the skin temperature cooled to 370° F and then re
moving it when the temperature reached 420° to 425° F.  Three such cycles 
were completed. Although the cell continued to be operational , the us eful 
life was limited becaus e the water produced could not be removed and the 
performance was diminished by the associated increase in electrolyte water 
concentrat ion . To remove some of the water , a continuous hydrogen purge 
was initiated at about 167 hours . Three hours later, the purge was ter
minated, and the hydrogen flow took 30 minutes to decay to zero. As the 
flow approached zero , the regulated pressure increased to a maximum of 
71 . 4  psi a  before slowly decaying to the normal level of 62 ps ia. These 
anomalies are discussed in greater detail in section 15 . 1 . 8 .  

The condenser exit temperature on fuel cell 2 exhibited periodi c dis
turbances of a few degrees throughout the flight . On several occasions 
during lunar orbit , the temperature disturbances excited oscillations of 
about two cycles per minutes within a 20° F temperature range . These os
cillations occurred while under two-fuel-cell operation ,  with radiator 
temperatures less than 8o° F ,  and frequently triggered the caution and 
warning lower temperature limit . The os cillations ceased when the rad
iator temperatures went above 115° F. The average exit temperature was 
within the normal range during the os cillation behavior , and fuel cell 
performance was not affected. This anomaly i s  discussed in section 
15 . 1. 21.  
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Fuel cell 3 performance was normal in  every respect throughout the 
flight . All parameters remained within nominal limits during two-cell 
and three-cell operat ion .  

7 .  2 .  2 Batteries 

The entry and pyrotechni c b atteries performed s atis factorily . Bat
tery bus volt ages were maintained at normal levels , and battery charging 
was nominal. Until separation of the command module and servi ce module , 
the battery capacity was alwa;ys above 9 6 . 6  A-h ; thi s  level was reached 
at about 5 hours . A time history of the entry battery capacity remaining 
is presented in figure 7 . 2-1. Battery A contained Fermion separators and 
battery B contained the new cellophane separators . The difference in 
charging performance between these two batteries was ins ignifi cant under 
load; however ,  battery B delivered as much as 50 percent more current . 
Figure 7 . 2-2 is a comparison of the current-voltage characteristics ex
hibited by the batteries during the Apollo 8 ,  9 ,  and 10 mis s ions . All 
batteri es were at a high state of charge prior to command module /service 
module separat ion .  
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7 . 3  CRYOGENIC STORAGE 

The cryogenic storage system satis factorily suppli ed reactants to 
the fuel cells and metabolic oxygen to the environmental control system. 
At launch, the total oxygen quantity was 629 .0 pounds , or 125 . 8  pounds 
above the minimum requirements ; the total hydrogen quantity was 5 5 . 1  
pounds , or 5 .0 pounds above the minimum. 

The usage during the miss ion corresponds to an average fuel-cell 
current of 70 . 5  amperes and an average oxygen flow rate to the environ
mental control system of 0 . 43 lb/hr .  The hydrogen usage agrees with the 
average power level to within the accuracy of the quantity measurement 
system. 

Two low-pressure caution and warning alarms resulted from thermal 
strati fication and the associated pressure decay . This behavior was ex
pected since the fans are only used periodically . Hydrogen tank heater 
selection and manual operation were s imilar to Apollo 9 becaus e of the 
sett ings of the caution and warning alarms and the tank pressure switches . 
After approximately 169 hours , the hydrogen system was controlled manually 
as a result of an apparent failure in the automatic pressure control sys
tem. This incident is discussed further in section 15 .1 . 9 .  

7 . 4  COMMUNICATIONS EQUIPMENT 

The S-band communication system provided excellent voi ce quality and 
the VHF/AM link provided good voi ce within its normal range capability .  
The quality of recorded voi ce played back from the data storage equipment 
was generally good. The performance of the_ real-time and playback telem
etry funct ions was excellent and consistent with received power levels . 
The quality of color television pictures was nearly always excellent . 
The black-and-white television camera was never used. The received down
link S-band signal levels for both the PM and the FM links corre sponded 
to preflight predictions . 

Switching between record and playback modes of the data storage 
equipment , high- and low-bit-rate telemetry , and most antenna configura
tions was accomplished by real-time ground commands to relieve crew work
load . 
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7. 4 . 1  Onboard Equipme nt 

VHF duplex-B , which employs A transmitter and B re ceiver , was us ed 
s at i s�actorily �or the launch phas e .  Over the Canary I sland station , 
the VHF s implex-A mode was s elected and per�orme d nominally until the 
expected slant range-limi t was exceeded duri ng trans lunar coas t . While 
the spacecra� were in lunar orbit , VHF was again us ed in s implex-A ( the 
primary communication mode ) ,  and per�ormance was s at i s �actory in all but 
one instance . At about 9 5  hours , a check o� the VHF s implex-A was unsuc
ce ss�ul ; however , a sub s equent check was s at i s �actory . A switch con�ig
urat ion problem is suspected ; s ee s ection 15 . 1 . 5  �or more detai l .  

During recovery , the VH F  voice link ( s implex-A) an d  re covery beacon 
operated satis �actorily . VHF recovery b eacon antenna 1 ,  howeve r ,  did 
not deploy properly ( s ee s ect ion 15 . 1 . 13 ) . 

The S-band equi pment provi ded th e primary air-to-ground link through
out most o� the mis s i on . S-band s quelch was avai lable �or the �irs t time 
and operated s at i s �actorily . The squelch inhibits noi s e  when the uplink 
voice s ubcarrier is lost . The primary PM S-band t ransponder was used 
continuously through the primary power ampli�i er . The updata link was 
us e d  �requently to per�orm ground-commande d switching �unct ions i n  the 
communicat ions system, as well as �or computer updates . 

Communicat ions during pas s ive thermal control were maintained by 
switching b etween two diametri cally oppos ed omnidire ct ional antennas (B 
and D )  or by switching between the high-gain antenna and omni D .  The 
high-gain antenna was us ed to transmit to earth telemetry and voice re
corded on the dat a storage equipment while the spacecra�t were behind 
the moon . 

The per�orman ce o� the VHF ranging system i s  dis cus s ed i n  s ect i on 4 . 0 .  

7 . 4 . 2  Televi s ion 

Sixteen color televis ion transmi s s ions were made �rom th e spacecra� . 
The total time o� thes e telecasts was 5 hours 47 minutes 35 s econds , and 
the system per�ormed nominally . Color and res olut ion were cons is tent with 
des ign speci �i cat i ons and test per�orman ce . Signal-t o-noise rat ios �or 
the television s ignal were cons istent with t ho s e  o� the received carrie r .  

Two minor problems were experienced with the televi s ion camera. A 
hori zontal distort ion appeared as a bulge on the s i de o� the earth . This 
problem was noted in pre�light testing and i s  attributed t o  electromag
netic inter�erence within the came ra .  The s econd problem was the inab i l
ity o� the automat ic light-level control to accommodat e  small bri ght ob 
j ects , as evidenced by the cloud cover image s at urat i on when viewing the 
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earth at lunar distance . This problem is not s erious enough to require 
a change in the light-level control loop for the next miss ion . New cam
eras will have improved light-level control characteristics . 

7 . 4 . 3  High Gain Antenna 

The high gain antenna automatically deployed at command module/S-IVB 
separation and was activated soon thereafter. At approximately 3 hours , 
the crew confirmed proper operation .  The antenna was powered continually 
until just before command module /service module separation ,  except for a 
few brief periods to conserve electrical power. 

All three modes (manual , automatic , and reacquisition ) and all three 
beamwidths were used at various t imes . The manual mode was used 67 per
cent of the operat ing t ime , and the automatic mode 24 percent . A review 
of signal strengths shows excellent correlation with predictions . 

Reacquisition performance .- A check of the automat ic reacquis ition 
mode was performed during the second lunar revolution .  Narrow beam was 
selected , and the manual pitch and yaw controls were set to approximately 
the predicted earthrise direction prior to loss of s ignal . Acquis ition 
was accomplished on time , and the narrow-beam antenna gain was available 
almost immediately . Thus , so  long as the spacecraft does not block the 
line of s ight to earth , the high-gain antenna can be used without crew 
attention during lunar operations . 

High gain/omnidirectional switching . - During transearth flight , es
sentially continuous communications , with narrow beam gain available more 
than half the time , were provided during pass ive thermal control without 
crew attent ion . Switching between the high gain and omni D antennas 
through ground command was generally accomplished before the high gain 
antenna reached the scan limit . This switching precluded the antenna ' s  
driving against the mechanical gimbal limits for approximately 30 percent 
of each spacecraft revolution . 

Data indi cate that the antenna generally acquired from a relatively 
large offset angle from the boresight axis , based on the duration of data 
loss when switching was performed. When switching from high gain to 
omni D and between omni D and B ,  data were lost for only a few seconds ; 
when switching from omni D to high gain,  the loss generally lasted from 
10 to 30 seconds but was still within minimum des ign requirements . 

Inflight tests . - A reacquis ition test s imilar to that performed dur
ing Apollo 8 was conducted,  except that the ground-station t ransmitter 
power was reduced to 500 watts (minus 13 dB )  from the 10 kilowatts normal 
for a distance of 120 000 miles . Transmitter power was reduced to deter
mine whether phase lock would be lost when the antenna was s lewed to the 
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predicted earthrise pos ition . The reacquis ition test involved two re
volutions of the spacecraft at a roll rate of approximately 3 revolut ions 
per hour . The antenna was in the reacquisition/narrow-beam configuration .  
Two reacquis i  tions were performe d ,  and dat a indi cate the antenna switched 
to wide beam and slewed as required upon reaching the s can limi t .  The 
antenna also returned to the earthset side of the spacecraft , hit the 
mechanical gimb al stop , and remained there for approximately one-third 
of a revolution ( 7 minutes ) . The antenna tracked normally in wi de beam 
when the earth was within the s can-limit warning zone and then switched 
to narrow beam as the earth exited the warning zone . This test also veri
fied the ability of the antenna to provi de high gain communi cations ap
proximately 60 percent of the time and showed that antenna contact with 
the mechanical gimbal stops cannot be prevented by a pract ical reduct ion 
in transmitter power . 

A refle ct ivity test , originally scheduled for approximately 27 hours , 
was performed at 168 hours at a distance of 120 000 miles . This test 
verified the probabilities of acquis ition interference resulting from 
service module re fle ction for antenna look angles near the plus-X axis . 

The results of the test showed that the antenna could acquire in wide 
beam and then lock up on a s ide lobe of the narrow beam , or once having 
acquired ,  the antenna could track continuously in wide beam mode with no 
evidence of beam switching , or the antenna could acquire and track s atis
factorily . 

Acquisition problems experienced during this test were expected on 
the basis of ground test dat a .  

Performance during s ervi ce propulsion maneuvers and station hand
overs . - During the translunar midcourse correction ( service propulsion 
system ) , the high gain antenna was in the auto-track mode with medium 
beam. No change in either uplink or downlink s ignal strengths was obs er
ved during or after the firing , which lasted approximately 7 s econds . 
Antenna performance before and after the lunar orbit ins ertion maneuver 
verified that the antenna is not adversely affected by a prolonged s er
vice propuls ion firing . At approximately 28 hour s , a ground station 
hand-over from Goldstone to Madri d ,  with the high gain antenna in auto
track and narrow beam , was accomplished with no s ignifi cant loss of dat a .  · Several subsequent station handovers were accomplished with the s ame 
excellent results . 

Performance dis crepancies . - No s ignificant problems were encountered 
with the high gain antenna throughout the mis s ion . The antenna being 
driven into a scan limit and various switching problems resulted in in
terrupted communications . Normal operat ing procedures quickly restored 
communic ations in all cases . During a television program at approximately 
132 .5 hours , the antenna stopped t racking and switched to wi de beam upon 
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entering a scan limit zone and data were los t .  The spacecraft had under
gone a 0 .  5-deg/sec pitch rat e  prior to the dropout , and normal narrow
beam tracking was resumed approximately 7 minutes later , after the atti
tude rate was changed so that the earth line-of-s ight was outside the 
scan limit . 

7 . 5  INSTRUMENTATION 

The instrumentation system , cons isting of 283 operational measure
ments , adequately suppcrted the mis s ion .  Only two measurements faile d ,  
an d  a malfunct ion i n  the dat a storage equipment ( onboard recorder ) caused 
a momentary los s of dat a .  

The carbon dioxide part ial-pressure measurement became questionable 
about 3 hours after li ft-off and was considered to have faile d. The 
meas urement has a history of failures attributed to moisture from the 
suit coolant loop . 

The package temperature of the nuclear part i cle detection analyzer , 
located in the s ervice module , became intermittent at ab out 73 hours , 
probably because of a wiring failure between the thermocouple and s ignal 
condi tioner . 

About 33  seconds of recorded data were lost during entry because the 
tape transport in the dat a storage equipment momentarily s lowed during 
cabin repres suri zation . The pres sure di fferenti al  across the re corder 
cover caus ed it to contact the tape reel sufficiently to s low the trans
port me chanism ( s ee s ection 15 . 1 . 11 ) .  

During the loading of propellants for the s ervi ce propuls ion system , 
several auxili ary point sensors in the propellent gaging system failed. 
Subsequently , the fuse in the power supply was found open . The auxiliary 
system was waived for flight . 

The oxygen flow meter for fuel cell 1 failed to respond during the 
countdown , and the measurement was waive d.  The nuclear parti cle dete ctor 
and analyzer package temperatures were als o waive d becaus e of VHF radio
frequency interference ,  but this interference did not s ignifi cantly af
fect measurement data from the flight . 
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7 .  6 GUIDANCE , NAVIGATION , AND CONTROL 

Performance of the guidance and control systems was excellent through
out the mission , as discussed in the following paragraphs . Performance 
during the rendezvous is discussed in s ect ion 4 .  

7 . 6 . 1  Mis s ion Related Performance 

The inertial measurement unit was released from gyrocompas s ing and 
was inert ially fixed at 0 . 73 second , after recognition of the launch 
vehicle lift-off s ignal . Monitoring of the first-stage roll and pitch 
programs was nominal , and accurate pos ition and velocity compari s ons were 
generated for go/no-go evaluat ions . The velocities measure d by the pri
mary guidance and the entry monitor systems were very close to those 
telemetered by the launch vehicle and those calculated from ground track
ing . 

Transposition , docking , and ejection were performe d without diffi
culty . The separation distance reported after transpos ition was larger 
than expected becaus e of a longer plus-X than minus-X trans lation and be
caus e of the pyrotechnic impuls e  applied to a relatively lightweight S-IVB . 
Spacecraft dynami cs during docking and eject ion were very similar to those 
experienced during the Apollo 9 miss ion . 

The alignment dat a for th e inertial measurement unit are recorded in 
table 7 . 6- I ,  and re sult s are comparable to those of previous mi ss ions . 
The system remained powered and aligned throughout the flight ; therefore , 
the capability for a plat form orientation determinati on while docked was 
not demonstrated. Inability of the crew to recogn i ze constellations was 
not conclusive because no attempt was made in the optimum sun-impingement 
attitude for the optics .  Constellation recognition i s  required for ori
entat ion determinat ion . 

Midcourse navigation techniques us ing star/hori zon measurements with 
either the earth or moon hori zon and us ing star/lunar-landmark s ightings 
were exe rcised with excellent results . Twenty-two sets of star/hori zon 
and nine sets of star/lunar-landmark s ightings were made ( table 7 . 6-II ) . 
The initial sets of earth sightings were made to estab lish and verify the 
altitude of the horizon . Based on these measurements , the onb oard compu
ter compensation for hori zon alt itude was updated from 24 to 34 kilometers .  
The optics were calibrated before each group of s ightings , and the bias 
error was within the anticipated tolerance . The crew reported that the 
star/lunar-landmark s ightings were easier to perform than the star/hori zon 
measurements and that the star/earth-landmark sightings could have been 
made since identifiable feature s of Saudi Arabia and Mexi co were vi sible 
and free from cloud cover throughout the mis s ion .  
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The return-to-earth targeting program was exercised several times to 
calculate midcourse corrections . A comparison of the velocity changes 
determined onboard with those calculated on the ground indicates that a 
s afe return could have been made if communications had been lost . A com
parison of the respective solutions for the transearth midcourse correc
tion at 176 : 40 : 00 showed the following results : 

Velocity change , ft/sec 

On board Ground 

X 2 . 5 2 . 2  

y 0 . 0  0 . 0 

z -0 . 1  -0 . 1  

A series of landmark tracking sequences ( table 7 . 6-III ) was conducted 
while docked and undocked in lunar orbit . The primary objective was to 
provide addi tiona! data on the lunar potential model , and the preliminary 
indications are that the desired results were obtained ( see section 6 ) . 
The pitch technique was used ' for all sequences . 

All attitude control functions were satisfactory , both docked and 
undocked. Passive thermal control was used extensively enroute to and 
returning from the moon ( table 7.  6-IV ) . The roll axis technique was used 
exclusively , generally under digital autopilot control . During the first 
attempt ( first sleep period ) ,  attitudes quickly reached and oscillated at 
one edge of the 20-degree pitch and yaw deadbands . On subsequent maneu
vers , the roll rate was increased from 0 . 1 to 0 . 3  deg/sec , the deadbands 
were increased to 30 degrees , and all body rates were carefully nulled be
fore the roll rate was established. These changes resulted in long periods 
( on the order of 20 hours ) without thruster activity. Representative atti
tude control performance during translunar and transearth coast is shown 
in figure 7 . 6-2 . 

A summary of data for major translation maneuvers is contained in 
table 7 . 6-V . All maneuvers were performed under digital autopilot con
trol . 

The primary guidance system was employed throughout the entry phase , 
and the events reconstructed from telemetry data are shown in figure 7 . 6-3. 
Dynamic parameters during the entry phase are presented in figure 7 . 6-4.  
The pitch and yaw oscillations were comparable to those experienced dur
ing the Apollo 4 ,  6 ,  and 8 missions , with long periods of operation within 
the rate deadbands • The velocity and flight-path angle at entry interface , 



7-17 

as calculated onboard , were 36 315 ft/sec and minus 6 . 54 degrees , respec
tively , and compare almost exactly with the interface conditions obtained 
from the tracking data. The spacecraft computer reached entry interface 
with the entry-initialization program in command but at that time properly 
switched to the post-0 .05g entry program. The system indicated a desired 
inertial entry range of 1376 . 7  miles and a predicted cross-range error of 
plus 11 . 8  miles . 

The guidance system indicated that the peak deceleration during first 
entry was 6 . 8g at a velocity of 31 995 . 5  ft/s ec and the peak deceleration 
during second entry was 4 . 6g at a velocity of 9972 .2  ft/sec .  The onboard 
computer terminated its guidance routine when the relative velocity drop
ped below 1000 ft/sec . 

Figure 7 . 6-5 is a summary of landing-point data.  The onboard com
puter indicated a landing at 164 degrees 39 minutes west longitude and 
15 degrees 4 . 2  minutes south latitude , or 1 . 4  miles downrange from the 
target • based on telemetered computer data at drogue deployment . The 
recovery forces estimated the landing point to be 164 degrees 39 minutes 
west longitude and 15 degrees 2 minutes south latitude , or 2 . 5  miles 
from the target . The best estimated trajectory shows a landing point of 
164 degrees 39 minutes west longitude and 15 degrees 3 . 6  minutes south 
latitude , or 1 . 3  miles from the target . Table 7 . 6-VI presents a compari
son of computer navigation data with the best estimated trajectory and 
shows a navigation error at the entry interface of 0 . 21 mile in position 
and 212 ft/sec in velocity . This error , when propagated through entry 
to drogue deployment , results in a miss distance of approximately 
0 .2 mile , well within the predicted 1-sigma touchdown accuracy . 

7 . 6 . 2  Guidance and Navigation System Performance 

A statistical summary of inertial component test history is contained 
in table 7. 6-VII . The accelerometer bias and gyro-null bias drift , the 
only quantities measurable in flight , indicate excellent stability . The 
gyro drift computed from back-to-back alignments is shown in table 7 . 6-I . 
The accelerometers show evidence of the dual moding also experienced on 
Apollo 7 ;  this moding appears as a zero bias in zero-g throughout trans
lunar and trans earth coast . The accelerometer biases also indicate a de
pendence on temperature ; figure 7 . 6-6 covers the lunar orbit period when 
the primary evaporator was not operating . Figure 7 . 6-7 contains a time 
history of velocity differences between the S-IVB and spacecraft guidance 
systems during as cent . The error buildup , assuming perfect S-IVB guid
ance , indicates performance well within the real-time go/no-go criteria.  
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The sextant and scanning telescope operated properly throughout the 
entire mission . The crew reported that the shaft and trunnion drive sys
tems worked smoothly in all modes and that control capability was adequate . 

Computer performance was excellent throughout the mission .  All re
quired guidance , navigation , and control functions within the computer 
were accomplished without incident , and no computer restarts were recorded. 
State vector updates , erasable memory . dumps , and clock updates were rou
tinely accomplished by network commands . Program alarms and operator 
error indications were observed, but none were associated with hardware 
malfunctions . The interface with the VHF ranging system was operational 
for the first time , and performance was excellent ( see section 5 . 0 ) . 

7 . 6 . 3  Entry Monitor System Performance 

The entry monitor system satis fied all required backup and monitor
ing functions . The velocity counter was used to monitor all service 
propulsion and reaction control translation maneuvers , and the measured 
velocities agreed closely with those computed by the primary system. 
The accelerometer bias measured in flight was reported to have been 
0 . 003 ft /sec . Although a scroll scribing problem ( see section 15 . 1 . 12 )  
was encountered during entry preparation , the system operated properly 
and would have provided the neces sary backup capability if required .  
Figure 7 . 6-8 shows the scroll markings recorded during entry . 

7 . 6 . 4  Stabilization and Control System Performance 

All attitude control functions of the stabilization and control 
system were nominal throughout the mission . However , late in the mission , 
the attitude reference provided by the gyro display coupler was reported 
to have drifted excessively ( see section 15 . 1 . 10 for further discussion ) .  

.·� 



TABLE 7 .  6-I . - PLATFORM ALIGNMENT SUMMARY 

Gyro torquing angle , 
Star angle Gyro drift , mERU 

Time , Program deg 
hr:min option* 

Star used difference , Comments 

X y z deg X y z 

0 : 41 -0 . 102 +0.034 -0 , 076 -- -- -- --

5 : 15 3 21 Alphard; 30 Menkent +0 . 117 -0 . 093 +0.001 00001 -1.7  +1 . 4  0 . 0  

7 : 48 1 1 Alpheratz ;  41 Da.bih - 0 . 066 +0 . 007 -0 . 069 00001 Reference matrix change 

24 : 30 3 23 Denebola; 30 Menkent +0 . 360 -0 . 290 -o . o4o 00002 -1 . 4  + 1 . 2  - 0 . 2  

45 : 06 3 36 Vega; 44 Enif +0 . 431 -0 . 366 -0 .063 00001 -1 . 4  +1 . 2  -0 . 2  

51 : 52 3 23 Denebola; 32 Alphecca +0 . 163 - 0 . 111 - 0 . 018 00002 -1 . 6  + 1 . 1  -0 . 2  Check star 31 ( Arcturus ) 

71: 45 0 . 198 0 . 001 0 . 392 Reference matrix change 

74 : 17 3 22 Regulus ; 24 Gienah +0.057 -0.035 -0.004 00000 -1 . 5  +0 . 9  +0 . 1  

7 7 : 15 3 25 Acrux; 33 Antares +0 . 078 -0.044 -0 . 036 �0001 -1 . 8  + 1 . 0  -0 . 8  Check star 30 (Menkent ) 

79 :24 3 23 Denebola; 30 Menkent +0 .048 -0 .053 +0 . 007 00001 - 1 . 5  + 1 . 6  +0 . 2  

81:20 3 30 Menk.ent ; 35 Ra.sa.lha.gue +0.052 - 0 . 017 -0 . 007 00001 -2 . 0  +0 . 6  -0.2 

9 5 : 14 1 30 Menkent ; 34 Atria +0 . 339 -0 . 251 -0. 039 00001 Reference matrix change 

99 :15 3 40 Altair ;  42 Peacock +0.078 -0 . 069 -0,031 -1 . 3  +1 . 1  - 0 . 5  

103 : 09 3 37 Nunki ; 44 Enif +0 , 091 -0.073 -0.005 00001 -1.6  +1.3  -0 . 1  Check star 41 (Dabih ) 

119 :11 3 44 Enif ;  45 Fomalhaut +0 . 335 -0 . 272 - 0 . 035 00001 -1. 4  + 1 . 1 - 0 . 2  

121 :13 3 17 Reger ; +0 .056 -0 . 020 -0 . 011 -- - 1 . 8  + 0 . 7  +0 . 4  

122 : 58 3 1 Alpherat z ;  2 Diphda +0 . 046 -0 .042 -0 . 012 00001 -1 . 8  +1 . 6  -0 . 5  

124:50 3 1 Alpheratz ;  2 Diphda +0 , 024 -0.028 -0 . 007 00000 - 0 . 9  +1 . 0  -0 . 3  

126 : 50 3 1 Alpheratz ;  2 Diphda +0 .044 -0. 028 -0 , 007 00000 - 1 . 5  +0 . 9  - 0 . 2  

1 32 : 49 3 26 Spica; 33 Antares +0 , 146 -0 . 102 -0.037 00002 - 1 . 6  + 1 . 1  -0 , 4  

132 : 52 3 24 Gienah ; 33 Antares +0 . 010 +0,004 -0 . 010 00000 -- -- -- Repeat 

136:40 3 2 Diphda; 41 Dabih +0 . 072 -0.075 -0 . 0 17 00000 -1 . 3  +1.  3 -0 . 3  

139 : 17 1 40 Altair ;  45 Fomalhaut +0 , 015 -0 . 021 -0.013 Reference matrix change 

150 : 34 3 26 Spica; 27 A1kaid +0 . 202 -0 . 202 -0 .035 00000 -1.2 +1 . 2  - 0 . 2  

165 :05 3 21 Alphard; 25 Acrux +0 ,286 -0.239 +0 ,058 00001 -1 . 3  + 1 . 1  -0 . 3  

176 : 33 3 32 Alphecca; 40 Altair +0 .207 -0 . 184 -0 . 012 00001 Reference matrix change 

Reference matrix change 

187 : 41 3 30 Menkent ; 34 Atria -0 . 222 -0.098 -0 . 159 00001 +1. 3 +0 . 6  - 1 . 0  Check star 2 5  (Acrux) 

190 : 11 3 +0 .045 -0.034 +0.016 00002 -1 . 3  +1 . 0  +0 . 5  

190 : 14 3 +0 . 002 -0.005 +0 . 001 Repeat 

•1 - Preferred; 2 - Nominal ; 3 - Reference matrix. 



Group Set/marks Star Horizon Landmark 

1 1/3 40 Altair Earth near 
2/3 40 Altair Earth near 
3/3 33 Antares Earth far 
4/3 33 Antares Earth �ar 
5/3 Peacock Earth near 

2 1/3 44 Enif Earth near 
2/3 37 Nunki Earth far 
3/3 37 Nunki Earth �ar 
4/3 37 Nunki Earth far 
5/3 45 Fomalhaut Earth near 

3 1/3 26 Spica Taruntius 
2/3 23 Denebola Taruntius 
3/3 31 Ara:turus Taruntius 
4/3 24 Gienah Secchi K 
5/3 26 Spica Secchi K 
6/3 31 Arcturus Secchi K 
7/3 26 Spica Messier B 
8/3 23 Denebola Messier B 
9/3 31 Arcturus Messier B . 

4 1/3 2 Diphda Earth n·ear 
2/3 44 Enif Earth far 
3/3 45 Fomalhaut Earth far 

5 1/3 2 Diphda Earth near 
2/3 44 Enif Earth far 
3/3 45 Fomalhaut Earth far 

6 1/3 2 Diphda Earth near 
2/3 44 Enif Earth far 
3/3 45 Fomalhaut Earth far 

7 1/3 2 Diphda Earth near 
2/3 44 Enif Earth far 
3/3 45 Fomalhaut Earth far 

p 
p 
p 

TABLE 7 . 6-II . - MIDCOURSE NAVIGATION 

Time, 
hr :min 

5 : 33 

25:00 

151:00 

165 : 20 

167:16 

171 :35 

174:00 

Distance 
from earth , 

miles 

25 000 

106 000 

129 000 

121 000 

107 000 

98 000 

) 

Remarks 

This group of sightings determined the differential height of the 
horizon. Software updated with data obtained. Optics calibration 
was 0 . 005 degree, 

Unable to calibrate because of earthshine, Used same bias as 
previously . 

Sightings performed on lunar landmarks ; distance was 50 000 miles 
from the moon. Crew reported this set was performed with ease and 
was not as difficult as star/horizon measurements . Optics calibre.-
tion was 0 . 003 degree. 

Optics calibration was 0 .005 degree. 

Optics calibration was 0 .003 degree. 

Optics calibration was 0 .003 degree. 

) 



Mark time , hr:min:sec 

First 

82o43o28 

82 o 59 o 55 

96 o 30 o  

121 o 43 o 17 

121 o 56 o 57 

122oll o06 

122 o 31 o 36 

123 o 41 o 36 

123 o 5 5 o 37 

124 o 0 8 o 37 

l24 o28o54 

125 o 40 o 02 

125 o 5 3 o 58 

126 o 06 o 38 

126 o 27 o 34 

127 o 37 o  

127 o 52 o 31 

128o05 o12 

128 o 25 o 37 

134 o 17 o 47 

134 o30o00 

Second 

82 o 45 o 40 

83o03o05 

121 o45 o07 

12l o 57 o 21 

122 o 12 o 47 

122 o 32 o 47 

123 o 43 o 38 

123 o 57 oll 

124 o09 o 28 

124 o 30 o 36 

125o41o45 

125 o 5 5 o 33 

126 o08o16 

126 o 29 o 34 

127 o40ol5 

127 o 53 o 51 

l28o06 o 46 

l28o27o46 

l34 o19o18 

l34 o 3l o 47 

Landmark 

F1 

B1 

130 

CP1 

CP2 

F1 ' 
130 

CP1 

CP2 

F1 

130 

CP1 

CP2 

F1 

130 

CP1 

CP2 

P1 

130 

B1 

150 
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TABLE 7 .6-III .- LUNAR LANmARK TRACKING 

No. of' 
marks 

5 

5 

0 

5 
2 

5 

5 

5 

5 

4 

5 

5 

4 

5 

5 

5 

4 

4 

5 

4 

5 

Optics and mode* Remarks 

Sextant , resolved Good marking. Pitch rate was 0 . 2  deg/sec. 
Started marking about 1-l/2 minutes early . 

Sextant , resolved Pitch rate vas 0 .15 deg/sec , a little low . 

Sextant , resolved 

Sextant , resolved 

Sextant , resolved 

Sextant , resolved 

Sextant , resolved 

Sextant , resolved 

Scanning tele
scope, resolved 

Sextant , resolved 

Scanning tele
scope , resolved 

Scanning tele
scope , resolved 

Scanning tele
scope , resolved 

Sextant, resolved 

Scanning tele
scope , resolved 

Scanning tele
scope , resolved 

Scanning tele
scope , resolved 

Sextant , resolved 

Scanning tele
scope , resolved 

Scanning tele
scope , resolved 

Terminated in order to maneuver to high
gain antenna attitude . 

Lost target in sextant ; too much glare . 

Al.Jnost lost during trans fer from scanning 
telescope to sextant because of' brightness 
and presence of' tva images in sextant . 

Tracked different landmark fran first pas s .  

I n  attitude hold. Ran out o f  trunnion be:fore 
all marks were completed. 

Started about 50 seconds early. 

Started late. Pitch rate too slow. Ran out 
of trunnion. 

Low pitch rate; ran out of trunnion. 

Lov pitch rate ; ran out of trunnion. 

Pitch rate not :fast enough . 

Had right target on :first mark but 
switched to vrong target on last four. 

*When sextant vas used, the scanning telescope was used to acquire and identi f'y  the landmark 
prior to tracking. 
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TABLE 7 .6-IV .- PASSIVE THERMAL CONTROL SUMMARY 

Time , hr:min 
Initial rat e ,  

Cone angle ( C )  , deg Cone angle 
Roll rat e ,  Deadband, deg/sec 

deg/sec deg divergence rate 
Start Stop Pitch Yaw 

Initial Later Maximum rad/hr* 

10 : 06 1 3 : 00 0 .10 20 0 . 022 -0 .005 

1 3 : 0 5  2 4 : 2 5  0 . 07 20 

28 :01 29 : 22 0 . 35 30 30 30 after 1 hr 30 

29 : 51 51:20 0 . 3  30 0 . 0012 o .ooo6 6 21 after 15 hr 30 0 .11 

54 : 15 71 : 0 6  0 . 3  30 0 . 0015 0 . 0003 3 26 after 14 hr 30 0 . 15 

139 : 40 150 : 30 0 . 3  30 -0 .0004 0 . 0008 6 13 . 5  after 9 hr 14 0 .09 

154 : 2 4  164 : 50 0 . 3  30 

172:14 174:02 0 . 3  30 

175 : 18 176 : 02 0 . 3  30 0 .0005 -0 .0006 2 . 1  5 .7 after 2 hr 0 . 45 

176:40 186 : 48 0 . 3  30 . 
*The cone angle C is determined by : C c0 e

at 
and the divergence rate a was determined from flight data . 

) 

( a) , Comments 

Quads A and C dis-
abled for starting 
roll rate 

All quads on; hit 
deadband at 5 1 : 20 

Stopped for mid-
course correction 

) 

-;1 
1\) 1\) 



TABLE 7 , 6-V,- MANEUVER SUMMARY 

Maneuver 
Parameter 

First midcourse correction LWlar orbit insertion Lunar orbit circularization 

Time 
Ignition, hr :min :sec 26 : 32 : 56 . 8  75 : 5 5 : 5 4 . 0  80 :25 : 08 . 1  

Cutoff, hr :min : sec 26 : 33 :03 . 9  76 :01 : 50 . 1  80 : 2 5 :22 . 0  

Duration, min : sec 0 : 0 7 . 1  5 : 56 . 1  0 : 1 3 . 9  

Velocity after trimming . ft/sec 
( actual/desired) 
X -26 .2/-26 . 1  2440 . 2 /2440 . 3  135 . 0 /135 . 4  

y -39 . 8/-38.9 1004 . 6/100 4 . 8  21 . 9/22 . 0  

z -13.9/-1 3 . 4  1389. 1/1389 . 2  11 . 0 /11 . 4  

Velocity residual , ft/sec 
X -0 . 2  o . o  +0 . 5  

y o . o  -0 . 2  -0 . 4  

z +0 . 3  o . o  -0 . 4  

Entry monitor -0 . 9  

Engine gimbal position , deg 
Initial 

Pitch +0 . 87 +0 . 91 + 1 . 8 3  

Yaw -0 .17 -0 . 10 -0. 70 

Maximum excursion 
Pitch 0 . 6 5  +0 . 44 +0 . 22 

Yaw +0 . 49 -0 . 38 +0 . 29 

Steady-state 
Pitch +0 .87 + 1 . 20 +1 . 52 

Yaw -0 . 2 3  + 0  . 5 7  -0 . 53 

Cutoff 
Pitch +0 . 89 +1 .61 +1 . 52 

Yaw -0 . 2 3  + 0  . 5 7  -0 . 53 

Maximum rate excursion , deg/sec 
Pitch -0 . 34 +0 . 31 -0 . 20 

Yaw +0 . 22 +0 , 12 - 0 , 08 

Roll -0.20 -0 . 46 -0. 32 

Maximum attitude error , deg 
Pitch +0 . 27 +0 . 2 3  <0 . 1  

Yaw +0 .14 <0 . 1  <0 . 1  

Roll -0 . 33 -5 . 0 *  -1 . 45 

*Saturated, 
NOTE: Velocities are in earth-centered inertial coordinates . All maneuvers made with service propulsion system. 

Transearth injection 

137 : 36 :28 . 9  

137 : 39 : 1 3 . 7  

2 : 44 . 8  --
-29 31 . 1/-29 31 . 2  

··195 3 .  7/-1954. 4 

-877 . 5 /-876 . 0  

+0 . 3  

+ 1 . 6  

- 0 . 1  

-0 . 59 

+0 .91 

-0 . 34 

+0 . 59 

- 0 . 5 5  

+0 , 91 

-0.72 

-0 . 74 

+0 , 48 

-0 . 32 

-1. 00* 

< 0 . 1  

<0 , 1  

- 5 . 0* 
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TABLE 7 . 6-VI . - ENTRY NAVIGATION 

Parameter Onboard computer 
Best-estimated 

trajectory 

Alti tude or 4oo 000 reet ( 191 : 48 : 5 5 )  

X position , rt . . . . 11 976 174 11 976 744 

Y position , rt . -15 451 66o -15 452 783 

Z position , rt . . . . -8 506 213 . 9  - 8  506 040 .2 

X velocity , rt/s ec . . 27 484 . 5  27 485 . 5  

Y velocity , rt /s ec . . . . 20 511 . 8  2 0  510 .1 

Z velocity , rt/sec . . . 11 927 . 6  11 926 . 6  

Peak g ( 191 :50 : 14 )  

X position , rt . . 14 134 875 14 135 504 

Y posit ion , rt . -13 745 026 -13 746 279 

Z position , rt . . . -7 514 842 . 5  -7 5"14 740 . 7  

X velocity , rt /s ec . . 23 546 . 8  23 547 . 0  

Y veloc ity , rt/sec . . 18 698 . 4  18 697 . 1  

Z velocity , rt/s ec . 10 934 . 5  10 933 . 6  

Program 67 ( 191 : 51 : 10 )  

X position , rt . 15 260 899 1 5  261 505 

Y position , rt . . -12 817 684 -12 818 976 

Z pos ition , rt . . -6 961 509 .1 -6 961 444 . 8  

X velocity , rt/s ec . . 17 017 . 5  17 016 . 7  

Y velocity , rt/sec . . . 15 798. 5 15 798 . 2  

Z velocity , rt/s ec . . . 9 351 . 5  9 311 . 2  

4o sec-onds prior to drogue deployment ( 19 1 : 56 : 38 )  

X position , rt . . . . . 17 683 418 17 683 006 

Y pos ition , rt . . . . . . -9 869 311 . 0  -9 870 342 . 2  

Z position , rt . . . . -5 419 055 . 1  -5 418 997 . 5  

X veloci ty , rt/sec . . . . 333. 5  328 . 0  

Y velocity , rt /s ec . . . 1697 . 6  1699 . 1  

Z veloc ity , rt /s ec . . 310 . 5  310 . 7  
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TABLE 7 . 6-VI I . - INERTIAL COMPONENT PREFLIGHT HISTORY - COMMAND MODULE 

Error 
Sample standard No. of Countdown Flight 

mean deviat ion samples value load 

Accelerometers 

X - Scale factor error , ppm -178 50 . 737 4 -120 -100 

Bias , em/sec 
2 

-0 . 065 0 .136 4 -0.14 -0 . 27 

y - Scale factor error , ppm -237 8 . 485 2 -277 -230 

Bias , em/sec 
2 

-0 . 055 0 .162 2 -0 .05 -0 . 07 

z - Scale factor error , ppm - -129 65 . 053 2 -124 -8o 
Bias , em/sec 

2 -0 . 045 0 . 035 2 0 .01 · 0 . 05 

Gyroscopes 

X - Null bias drift , mERU 0 . 4  0 . 152 3 -1. 0  0 . 4  

Acceleration drift , spin reference 
axis , mERU/g 9 . 8  0 . 282 2 8 . 4  1 0 . 0  

Acceleration drift , input 
axis , mERU / g . 2 . 3  7. 212 2 9 .1 1 . 0  

y - Null bias drift , mERU -1. 3 0 . 655 3 -2 . 2  -1. 3 

Acceleration drift , spin reference 
axis , mERU/g . . 3 . 4  2 . 969 2 4 .  7 3 . 0  

Acceleration drift , input 
axis, mERU/g . 8. 7• 3 . 818 2 10 . 9 1 3 . 0  

z - Null bias drift , mERU 0 . 9 1 . 4 36 3 1 . 7 1 . 2  

Acceleration drift , spin reference 
axis , mERU/g . . . 0 . 9· 8. 061 2 -3. 7 7. 0  

Acceleration drift , input 
axis , mERU/g 8 . 6  +0 . 424 2 16 . 4  11 . 0  
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Figure 7.6-1. - Pitch and yaw errors during first passive thermal control period. 
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(a) Trans lunar. 

Figure 7 . 6- 2 . - Pitch and yaw errors during passive thermal  control 
period with roll rate of 0 . 3  deg/ sec . 
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Figure 7 . 6-2 . - Concluded . 
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7 . 7  REACTION CONTROL SYSTEMS 

Performance of the service module reaction control system was nomi 
nal . The total propellant consumption , as shown in figure 7 .  7-1 ,  was 
580 pounds (282 pounds below the predicted usage ) ; usage from each quad 
is shown in figure 7 .  7-2 .  During all phases , quad-package temperatures 
remained well below the maximum allowable . Two problems , discussed 'in 
greater detail in s ection 15 , are summari zed below . 

The command module reaction control system operated as expected dur
ing entry . Prior to launch , the helium pressuri zation system for system 1 
developed a small leak ; the leak could not be located but caused the pres
sure in system 1 to decrease from 44 psia at launch to 30 psia at system 
activation just prior to entry . However ,  operation of the helium pressur
ization system after activat ion was not affected. 

The isolation burst disc in the oxidizer supply of system 2 was in
advertently ruptured during prelaunch checkout . As a result , oxidizer 
filled the manifold between the burst disc and the engines after the pro
pellant isolation valves were opened during the countdown . Because both 
the isolation and engine valves were redundant , as were the two systems , 
the decision was made to launch with the burst dis c  ruptured. After 
orbital ins ertion , the propellant isolation valves were closed,  as plan
ned; however ,  to preclude damage from thermal expansion of the oxidi zer ,  
the engine valves were opened to vent the oxidizer in the lines . 

Approximately 1 minute after command module/service module separa
tion ,  system 2 was dis abled and system 1 was used for entry control as 
planned. Both manual and automatic control modes were used. As shown 
in figure 7 . 7-3 , 38 pounds of propellant were consumed for attitude con
trol during entry . 
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7 . 8  SERVICE PROPULSION SYSTEM 

Service propulsion system performance was satisfactory during each 
of the five maneuvers , with a total firing time of 545 seconds . The 
actual ignition times and firing durations are contained in table 6-III.  
The longest engine firing was the 356-second lunar orbit insertion maneu
ver .  The fourth and fifth service propulsion maneuvers were preceded by 
a plus-X reaction control translation to effect propellant settling , and 
all firings were conducted under automatic control . 

Engine transient performance during all starts and shutdowns was 
satisfactory , with no excessive chamber pressure overshoots on any maneu
ver .  Steady-state pressures during each of the five firings were con
sistent with those of previous flights and confirm that performance was 
essentially nominal . However , gaging system data indicate a lower-than
expected mixture ratio.  

The primary gaging system operated normally during propellant load
ing , but the auxiliary system did not . Eleven oxidizer and two fuel 
point-sensors either failed or displ�ed intermittent operation prior to 
launch . The propellant tanks were loaded to correspond with a mixture 
ratio of l .  6 .  

The mode selection switch for the propellant utili zation an d  gaging 
system was s et in the primary position for all service propulsion maneu
vers . The propellant utili zation valve was in the normal position for 
the firs t ,  s econd, and fourth engine firings . The third firing was ini
tiated with the propellant utilization valve in the normal position , but 
during the firing , the crew made several valve position changes in an 
attempt to maintain the propellant unbalance within the desired 100-pound 
limi t .  The fifth firing was also initiated with the valve in the normal 
position , but after the 5-second ignition transient , the valve was placed 
in the increase position for the remainder of the firing to reduce the 
indicated unbalance . 

Figure 7 . 8-l shows the telemetered gaging quantities and telemetered 
unbalance that was indicated to the crew at s elected times , and the approx
imate times at which the position of the propellant utili zation valve was· 
changed. The computed indi cated unbalance shown in the figure essentially 
agrees with that report ed by the crew . The telemetry data show that the 
unbalance indications prior to crossover were lower than the actual unbal
ance . First ,  the minus-0 . 4  percent adjustment bias in the oxidizer tank 
primary gage caused an increasing negative error in the tank reading as 
the oxidizer level approached zero . This zero adjustment bias was in
corporated to prevent erroneous storage-tank readings after crossover , as 
was experienced during Apollo 9 .  At the bottom of the tank , the error -� 
would therefore be approximately 97 pounds . Secondly , the oxidi zer level 

- -- - ---
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exceeded the maximum gageable quantity in the sump tank because oxidizer 
was transferred from the storage tank to the sump tank as a result of 
helium absorption from sump tank ullage . These two effects together ex
plain the indicated s tep i n  the unbalance at crossover because all oxi
dizer in the sump tank becomes gageable soon a:rter crossover and the error 
from the storage tank is  no longer present . The step at cros sover was 
between 150 and 200 pounds ( increase )  and i s  expected to occur on future 
flights . 

During the third firing , the indicated unbalance was slightly in
creasing after crossover,  even with the propellant utilization valve in 
the increase position . When the valve was moved to the normal position 
for the last 24 seconds of the firing , the rate of increase in the unbal
ance became progressively great er .  At the end of the firing , data show 
an unbalance of approximately 460 pounds on the increase side .  After 
cros sover , the telemetered indicat ions for both s torage tanks were zero , 
verifying that the zero-adjustment b ias i n  the primary gage for the oxi
dizer storage tank achieved the des ired results . 

At the end of the fifth firing , the crew reported displayed quantity 
readings of 9 .2 percent for oxidizer and 6 . 7  percent for fuel , with the 
unbalance meter off-scale ( great er than 600 pounds ) on the increase s ide . 
These values i ndicat e  that the unbalance continually increased from the 
end of the third firing , even though the valve was in the increase posi 
tion for almost the full duration of the fifth firing. 

Based on the telemetered gaging data and predicted effects of the 
propellant ut ili zation valve positions , mixture rat ios of about l .  52 for 
the normal valve pos ition were derived ,  compared with an expected rat io 
of l .  58.  The expected ratio was lower than for most engines to account 
for results from the actual engine acceptance test . Nonetheless , the 
flight mixture ratio was approximately 4-percent lower than the expected 
value at the normal position of the propellant utilization valve . The 
reason for the downward shift in mixture ratio i s  unexplained , but an 
analysis for the engine to be used on the next flight shows more than 
adequate margin with a shift of this magnitude . However , the propellant 
utilizat ion valve operated normally and provided the expected mixture 
ratio changes as indicat ed by the changes in oxygen interface pressure 
and verified by computer simulations . 
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7 . 9  ENVIRONMENTAL CONTROL SYSTEM 

The environmental control system provided a habitable environment 
for the crew and adequate thermal control of the spacecraft equipment . 

The performance of the oxygen distribution system was normal and 
was comparable to previous flights . As usual , the cabin fans were not 
used during the mis sion ,  and adequat e oxygen circulation was achieved by 
s elective placement of the suit hoses . After docking , the command module 
was pressuri zed to approximately 5 . 48 ps ia , and the pressure equali zation 
valve between the command module and the lunar module was opened;  after
ward, the equalized cabin press ures stabilized at approximately 3 . 7  psia . 
The repressuri zation oxygen supply increased the combined cabin pressure 
to the operating level of 5 . 0 ps ia . 

Prior to undocking ,  the tunnel vent valve failed to depressurize the 
tunnel . As a result , alternate proc edures were established to perform 
the command module hatch integrity check : for the initial undocking , 
lunar module cab in pressure was decreased to 3 . 5  psia ; for the final un
docking , the command module cabin pressure was increas ed to 5 . 3  psia, 
Postflight inspection of the tunnel vent valve revealed that the valve 
port did not have the required vent holes . Secti on 15 . 1 . 16 has a detailed 
discussion of this anomaly . 

Operat ion of the carbon dioxide sensor was erratic throughout the 
mi ssion .  Historically , the sensors have frequently operated improperly . 
The operati on of the lithium hydroxide canisters in parallel and the 
overlapping changeout periods precludes any reliance on ins trumentat ion . 

During the launch countdown , s ervicing difficulty was experienced 
with the water-separator wicks in the suit heat exchanger . Gas pene
trated the water/gas s eparat ion plate at a pressure below the spec i fica
tion value of 2 . 6  ps i .  Incomplete wetting of the wick during s ervicing 
will cause a premat ure breakthrough when pressure-tested. The water in
jection pressure was then increased from the normal 4 ps i to 10 psi to 
achieve a gas breakthrough level within specification limits . The s ep
arator was t ested and inspected postflight and found to be normal in all 
respects . The suit heat exchanger performed normally throughout the en
tire flight . 

The primary evaporat or began operation soon after li ft-off but dri ed 
out after operat ing only a few minutes . The secondary coolant system was 
then activated and operated without di fficulty until the primary radiators 
became operati onal . The primary evaporator was deactivated and was not 
res erviced or reactivated until j ust prior to lunar orbit insertion .  It 
dried out again during the second lunar revolution and was not reactivated 
until just prior to entry . The failure t o  operate was caused by a mi cro
switch adjustment ( see section 15 . 1 . 4 ) . 
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During most of the translunar and trans earth coasts, the spacecraft 
was ma intained in a passive thermal control mode , and the primary radi
ators provided excellent spacecraft cooling . During lunar orbit coast, 
the primary radiators provided all spacecraft cooling, except for the 
brief period when the primary evaporator was operating . The maximum 
radiator outlet temperature during each revolution ranged between 61° 
and 75° F.  This caused the peak suit inlet and water/glycol inlet tem
peratures for the electronic -equipment cold-plate network to increase 
approximately 18° F above normal for brief periods but caused no crew 
discomfort . Typical coolant system operation during lunar orbit is shown 
in figure 7 .  9-l. 

The potable water tank was serviced with water prior to lift-off to 
provide a maximum amount of hydrogen-free water. However, the crew found 
that there was too much gas in the preflight-loaded water (see section 
15 . 1 . 14 ) .  

During one chlorine injection, chlorine solution leaked from the 
fitting and the buffer ampule would not back-fill with water when the 
plunger was unscrewed . The flight ampules , used and unused , were exam
ined for defects , and no anomalous conditions were found. The problem 
was probably caused by a procedural error ; the needle may not have been 
fully inserted into the rubber gland and therefore would not penetrate 
into the water . This could account for both the leakage of the chlorine 
and the failure to obtain water in the buffer ampule . 



NASA-S -69-2694 

:IJHftHirn·lmtfHJ I l l  hltW I I  I I  
� :l:hlitflJlTTmtftHJ I I  I I  tRUI I I I I I  
1i 8. 100 
! 

80 

Radiator In let te�perature h 1 
r-rl" /' I Y  v 1- f-'\. y " -

v \. / 1\. / � 
1/ , ....... "\ '" J ' 

60 

I \ I \ I \ 
II ' � j ....... r...... J ....... �-., / 40 

..... r- / -

Rad
,
iator

, 
outlet temperature -' 

20 

0 
110:00 110:30 lll:OO l11:30 112:00 112:30 113:00 113:30 114:00 114:30 115:00 115:30 116:00 

Time, hr: min 

Figure 7. 9-1. - Typical primary coolant loop parameters during lunar orbit. 

) 



7-48 � 

7 . 10 CREW STATION 

The crew prov1s1ons , displays , and controls at the crew station 
operated s atis factorily for the mi s sion . 

A maj or point made by the crew was that the Velcro had insuffi ci ent 
holding power . Testing indi cates that the holding capability of the new 
low flammab ility Velcro compares favorably with the all-nylon type used 
in the Gemini spacecraft . The reported problem apparently resulted from 
the small contact areas , in some cases 1/2-inch s quare , making proper 
alignment and maximum contact diffi cult . 

The crew also commented on the lack of acces sible stowage space for 
near-simult aneous operations using many different crew items . As a cor
rective measure , springs with snaps on each end will provide more ready
access stowage . These springs will act as a bungee-type hold-down and 
will attach to snaps already in the spacecraft . 

The crew stated that the cushion inserts used to protect cameras 
and other fragile equipment were very bulky and wasted space which could 
be put to a better use . An evaluation of these cushions has been made . 
Some minor areas (e .g . ,  penlights ) were found where the cushions could 
be reduce d  or eliminated. Act ion i s  in progress to res olve the effec
tivity of these changes to subs equent spacecraft . 

The following anomalies were noted:  

a. A two-compartment bag with inlet and outlet valves was provided 
to separate obj ectionable gas from the drinking water . The separation 
was ac complished by spinning the b ag ;  however , the bag did not function 
as intended ( s ect ion 15 . 1 . 14 ) . 

b .  The couch strut brace , which is normally stowed for launch , was 
inadvertently left in the unstowed position and connected to the couch . 
With the strut in place , the couch cannot stroke properly at landing 
( s ect ion 15 . 1 . 6 ) .  

c .  Water pressure from the drinking water dispenser appeared to be 
less than normal for a short period during the s eventh day of the mi ssion 
( s ection 15 . 1 . 15 ) .  

d.  The 16-mm sequence camera operated intermittently near the end 
of the mission ( section 15 . 3 . 3 ) . 

The forward hat ch stowage bag was not used during the mi s sion . As 
a result of comments by the Apollo 9 crew , the bag had been redesigned 
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to allow easier stowage . However ,  the need for the bag on future space
craft is being evaluated. 

The displays and controls were s atisfactory , except for the follow
ing dis crepancies . The launch vehi cle engine warning annunci ator operated 
intermittently during prelaunch testing of the engine indi cators ( section 
15 . 1 . 18 ) .  The digi tal event timer jumped 2 minutes during preparations 
for the first midcourse correction . The s ame t imer also jumped in incre
ments of 10 seconds at other times in the flight ( s ection 15 . 1 . 19 ) .  

All caution-and-warning mas ter alarms noted during the flight have 
been correlated with out-of-limit system performance , except for one 
without an annunciator indication and one during entry . Although these 
two alarms are unexplained , they are of no signifi cance becaus e other 
data indicate satisfactory system performance . 

During prelaunch operations in the altitude chamber ,  three caution 
and warning master alarms occurred without the ac companying annunciator 
indications . One alarm was as sociated with docking simulator contact 
and the others with accelerations in the tunnel are a;  rione could be re
peated outside the altitude chamber .  No anomalous conditions were found 
at the time of the alarms . Addi tionally , no mas ter alarms oc curred dur
ing the docking operations during the mis sion . 

An additional repeatable master alarm occurred during prelaunch 
operations when the fuel cell switch was rotated to the fuel cell l pos i
tion . The oxygen flow measurement , which provides an input to the fuel 
cell l caution and warning channel , was indicating zero flow on both the 
telemetry and the cabin meter. The oxygen flow input to the caution and 
warning comparator could cause a master alarm i f  the input to the com
parator could caus e a mas ter alarm i f  the input to the comparator was 
between minus 5 millivolt s and plus 10 millivolts . In switching to the 
fuel cell l position , the meter impedance was introduced to the oxygen 
flow t ransducer ; the impedance load on the transducer in turn tripped 
the master alarm. 
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7 . ll CONSUMABLES 

The us age of all liquid consumables ,  including cryogeni cs , is sum
mari zed in this section . Electrical power consumption i s  di s cus sed in 
sect ion 7 . 2 .  

7 . ll . l  Service Propuls ion System Propellants 

The quantities of service propulsion propellant loaded and consumed 
are shown below . The loadings were calculated from gaging system read
ings and measured densities pri or to li ft-off . 

Fue l ,  lb Oxi di zer 2 lb 

Loaded 

In tanks l5 630 24 973 

In lines 79 l24 

l5 709 25 097 

Consumed l4 309 22 234 

Remaining at separation l 4oo 2 863 

7 . ll . 2  Reaction Control System Propellants 

Servi ce module . - The propellant ut ili zat ion and loading data for the 
service module reaction control system are pre sented below . Consumption 
was calculated from telemetered helium tank pressures us ing the relation
ships between pressure , volume , and temperature . 

Fuel , lb Oxidi zer 2 lb 

Loaded 

Quad A l09 . 9  226 . 9  

Quad B l09 . 4  224 . 9  

Quad C l09 . 4  225 . 7  

Quad D l09 . 4  225 . 3  

Total 438 . l  902 . 8  

Consumed 207 . l  372 . 8  

Remaining at separation 23l . O  530 . 0  

,-
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Command module . - The propellant loading and utili zation data for the 

command module reaction control system are tabulated below . Consumption 
was calculated from pressure , volume , and temperature relationships . 

Fuel ,  lb Oxidi zer 2 lb 

Loaded 

System A 43 . 9  78. 3 

System B 44 . 1  78 . 2  

88 . 0  156 . 5  

Consumed 

System A 11 . 6  20 . 5  

System B 0 0 

Remaining at parachute deploy 

System A 32 . 3  57 . 8  

System B 44 . 1  78 .2  

76 . 4  136 . 0  

7 . ll .  3 Cryogenics 

The cryogenic hydrogen and oxygen quantities loaded at lift-off and 
consumed during the mission are given in the following t able . Consump
tion values are based on the electrical power produced by the fuel cells . 

Hydrogen, lb 

Loaded 

Tank l 27 . 8  

Tank 2 27 . 3  

5 5 . 1  

Consumed 

Tank l 20 .0 

Tank 2 18 . 8  

38 . 8  

Oxygen2 lb 

312 . 5  

316 . 5  

629 . 0  

174 . 0  

172 . 9  

346 . 9  
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Remaining at separat ion 

Tank 1 

Tank 2 

7 . 11 . 4  Wat er 

7 . 8  

� 
16 . 3  

138. 5 

143. 6 

282 . 1  

The wat er quantities loaded, consumed, produced , and expelled dur
ing the mis sion are summari zed in the :following table . 

Loaded 

Potable wat er tank 

Waste water tank 

Produced in:flight 

Fuel cells 

Lithium hydroxide , metabolic 

Dumped overboard ( including urine ) 

Evaporated 

Remaining post:flight 

Potable wat er tank 

Waste water tank 

Quantity , lb 

37 

18 

316 

42 

318 

5 

37 

5 3  
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8 . 0  LUNAR MODULE PERFORMANCE 

This section is a discuss ion of lunar module systems performance .  
The more significant problems encountered are described in this section 
and are discussed in detail in section 15 . 2 .  

8 .1 STRUCTURAL AND MECHANICAL SYSTEMS 

8 . 1 . 1  Structural Loads 

No structural instrumentation was installed on the lunar module ; 
consequently , the structural performance evaluation is based on lunar 
module guidanc e and control and cabin pressure data , on command module 
acceleration data , and on analytical results .  

Lunar module loads during boost were inferred from command module 
accelerations to have been within structural limits . During S-IC shut
down on Apollo 9 ,  interference was detected between the descent stage 
aft oxidizer tank and the descent stage upper deck without any effect on 
system operation . The validity of an analys is which predicted less tank 
response for Apollo 10 was substantiated by good agreement between the 
predicted and measured command module accelerations ( see fig . 7 . 1-l) and 
normal operation of systems . 

Loads at docking , as discussed in section 7 . 1 . 1 ,  were well within 
structural limits . 

The command module linear accelerometers and lunar module guidance 
and control rate data and lunar module cabin pressure data indicate that 
structural performance was nominal prior to ascent stage j ettison . During 
the ascent stage j ettison the lunar module cabin pressure decayed abruptly 
( see section 15 . 2 .12) . 

8 . 2  THERMAL CONTROL 

The pass ive and active thermal control systems performed nominally, 
and no thermal problems were evident during the mission . The lunar mod
ule insplation performed satis factorily , as evidenced by a total change 
in bulk propellant temperature of 3° F for the entire miss ion . Rendez
vous and landing radar temperatures remained within predicted limits .  
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The paint on the lunar module skin outboard of' the right :front win
dow blistered. This surface had been painted with black Pyromark paint 
for glare reduction , not thermal control . For the Apollo 10 lunar module , 
the Pyromark was painted over s ilicon oxide , which does not provide a 
proper bond. For subsequent lunar modules ,  the black Pyromark is applied 
directly to the anodized aluminum , which will provide a good b ond. 

8 .  3 ELECT�ICAL POWER 

The power distribution system performed nominally during the mission .  

The voltages on both de buses were maintained above 29 volts with 
maximum total loads of' 84 amperes . The ac bus voltages were maintained 
between 116 and 118 volts at 400 hert z .  

The descent , as cent ,  and pyrotechnic batteries performed satisfac
torily . At staging , the descent batteries had supplied 440 A-h of' a 
nominal total capacity of' 1600 A-h . The dif'f'erence in load-sharing at 
staging was 12 A-h on batteries 1 and 2 and 16 A-h on batteries 3 and 4 .  
On Apollo 9 ,  thes e differences , at the same discharge level,  were 18 
and 28 A-h , respectively . A capacity history i s  shown in figure 8 . 3-1 . 

At the completion of' the ascent propuls ion firing to depletion , 
the two ascent batteries had delivered a total of approximately 318 A-h ; 
the rat ed capacity was 296 A-h per battery at 28 volts . After the 
firing , the ascent batteries were allowed to deplete with the two de 
buses tied together . The battery voltages remained above 28 volts until 
battery 5 had delivered 346 A-h and battery 6 had delivered 330 A-h . 
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8 . 4  COMMUNICATIONS EQUIPMENT 

Operation of the communication equipment was nominal , except as 
briefly discussed in the following paragraphs . All tests were success
fully completed except the relay test s , which were deleted because of 
time limitations , and the steerable antenna tracking test during the roll
over maneuver , which was not performed because of antenna operational 
problems at the time . 

During the beginning of lunar orbit revolution 1 3 ,  the S-band steer
able antenna did not track properly . Ground station data indicate the 
antenna was at a fixed position, and changes in vehicle attitude were 
causing a gradual drop in signal level . The cause , verified by the crew, 
was that the antenna mode switch was changed from SLEW (manual ) to OFF 
instead of to AUTO ( see section 15 . 2 . 4 ) . 

During revolution 1 3 ,  the S-band backup voice on the omnidirectional 
antenna was margi�al at the Miss ion Control Center . This problem has been 
isolated to the Network ( see section 1 5 . 2 . 3 ) . 

Transmission from the lunar module to the command module on s implex-A 
was not obtained during two periods of revolution 10 . The first was at 
94 hours 46 minutes , when the Lunar Module Pilot had returned to the com
mand module .  At the time ,  the c ircuit breaker which supplies voltage for 
transmitter A was open , and the link could not be used . Use of s implex-A 
was unsuccessfully attempted a second time at about 95 hours . Numerous 
configuration changes were being made in both vehicles , and the two ve
hicles were probably not configured s imultaneously for VHF A communica
tions ( see section 1 5 . 1 . 5 ) . 

A short interval of lunar module dump data was received from 99 : 35 : 10 
to 99 : 38 : 52 ,  then modulation of the carrier , as recorded at various ground 
stations , c eased abruptly ( see section 1 5 . 29 ) . 
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8 .  5 INSTRUMENTATION 

The operational instrumentation system monitored 139 analog and digi
tal measurements and 130 bilevel events . The performance was satisfactory 
except as discussed in the following paragraphs . 

The indicated fuel manifold pressure in reaction control system A 
was low after launch and decreased to zero during the ascent engine firing 
to depletion .  The system operated properly ; therefore , the transducer 
first shifted negative , then failed completely . The transducer measuring 
oxidizer manifold pressure in system B also shifted negatively after 
launch . 

The temperature on the radioisotope thermal generator cask read 
"upper level" during the flight . Before launch ,  the reading was correct . 
At 10 000 feet , this measurement is switched from a transducer on the 
cask to one behind an adjacent heat shield . Either the barometric switch 
or an open circuit in the transducer wiring are considered the probable 
sources of failure . 

The ullage pressure for the descent oxidizer tank read zero on the 
cabin display prior to the descent engine firing . A redundant measure
ment was normal , and another measurement using the same display meter 
also was normal . The probable cause of failure was the transducer or the 
26-gage wire between the transducer and the display . 

The indicated temperature in the primary coolant loop was zero during 
the first manning, when pump 2 was used . During the second manning, 
pump 1 in the primary loop was used and the measurement was normal . The 
temperature measurement is connected through the pump selection switch , 
with a jumper wire between the pump 1 and pump 2 contacts ; thus , the 
measurement is routed to the display meter regardless of which pump is 
selected . Since the measurement read correctly in one position and not 
the other , a broken jumper wire is the probable cause of failure . 

Five thrust chamber pressure switches in the reaction control system 
either failed or were intermittent . System operation was not affected . 

All of the above instrumentation anomalies are discussed in addi
tional detail in Section 15 . 2 . 11 .  
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8 . 6  LUNAR MODULE GUIDANCE AND CONTROL 

The performance of the guidance and control systems was excellent . 
Power-up , initialization ,  and alignment of the primary and abort guidance 
systems were accomplished as planned except that the scheduled inflight 
calibration of the abort guidance system was omitted. Following undocking , 
the inertial measurement unit was aligned three times and the abort guid
ance system was �requently aligned to the primary system . 

Guidance and control of all ascent and descent engine firings was 
nominal . A gimbal drive actuator alarm occurred during the phasing ma
neuver ;  however , the data indicate normal operation . The suspected cause 
is motion with no drive command present ( see section 15 . 2 .1) . The ascent 
propulsion firing to depletion was controlled by the abort guidance sys
tem. 

All attitude control operations were nominal , including those during 
the staging maneuver when the vehicle rotated to an attitude which pointed 
the Z-axis toward the command module . The yaw rate gyro output during 
this period was incorrect ( s ee section 15 . 2 .10 ) .  

8 . 6 . 1  Mission Related Performance 

The guidance and control systems were powered up prior to undocking . 
During loading of the primary system erasable memory • the abort system 
time initialization constant had to be reloaded to correct a load . Trans
fers of the state vector from the primary to the abort guidance were ac
curately accomplished ( table 8 . 6-I ) . 

The initial alignment of the primary system was nominal , as indicated 
by the command module platform gimbal angles . However , a subsequent gimbal 
angle comparison indicated a shift of approximately 3 . 5  degrees about the 
X-axis . This shift was at the docking interface, apparently in response 
to command module roll thruster firings . Three optical alignments were 
performed after undocking ( table 8 . 6-II ) ,  and the small gyro torquing 
angles from the first alignment indicate that the docked alignment was 
accurate to well within the reported 3 .  5-degree shift . The gyro torquing 
angles obtained from the second and third alignments indicate either an 
alignment error or a larger than expected shift in the X-axis gyro drift . 

The abort system alignment accuracies were within the specified 
computational transfer error of 0 .067 degree (table 8 .6-III ) .  Before 
and after undocking , the rendezvous parameter display calculations from 
both the primary system and the abort system were used to check for state 
vector and alignment agreement between the two systems . This display is 



8-7 

used during rendezvous to determine the elevation angle of the command 
module with respect to the lunar module local horizontal , assuming the 
Z-axis is pointing at the command module . When the comparison was made, 
differences of up to 36 degrees were noted, but th� disappeared after 
undocking . The angle calculated by the primary system is the angle be
tween the spacecraft Z-axis and the local horizontal plane . The angle 
calculated by the abort system is the angle between the Z-axis and the 
intersection of the local horizontal and orbital planes . The two angles 
are equivalent and comparable only when the Z-axis is in the orbital plane 
( zero yaw angle ) .  The apparent dependence on docking oc curred because the 
Z-axis normally is rotated into the orbital plane after undocking . 

All attitude control operations were nominal even during the attitude 
gyrations at staging . The crew remarked on the great amount of control 
authority available in the lightweight ascent stage configuration; however , 
operation was as expected . 

Pertinent information from each of the translation maneuvers is sum
marized in table 8 . 6-IV. Spacecraft dynamics during the phasing maneuver 
are shown in figure 8 . 6-1 ; although a gimbal drive actuator alarm occurred 
14 s econds after ignition, the behavior of the actuators was nominal . If 
the gimbal trim had been incorrect , the thruster duty cycle would have 
been much higher . Figure 8 . 6-2 shows velocity-to-be-gained during this 
maneuver and also indicates nominal performance .  

Figures 8 . 6-3 and 8 . 6-4 present the time histories for the insertion 
maneuver ,  which was inadvertently performed in a 0 . 3-degree rather than 
the intended 1 .0-degree deadband. Despite this , the maneuver results were 
nominal . Figure 8 . 6-5 pres ents gimbal angles for this maneuver .  Although 
the crew remarked on the apparent "wallowing" tendency , the performance 
was as expected. 

Figures 8 . 6-6 and 8 .6-7 pres ent the ascent firing-to-depletion his
tories . The variation in the thruster duty cycle was caused by movement 
of the center of gravity toward the thrust vector . 

8 . 6 . 2  Primary System Performance 

The preflight test history of the inertial components is summarized 
in table 8 . 6-V . The inflight accelerometer bias measurements are summar
ized in figure 8 . 6-8 . The accelerometers exhibited excellent stability . 

The alignment optical telescope operated properly throughout the 
mission. Although the crew reported several operational problems with 
this unit ( see section 15 . 2 . 5 ) ,  their ability to perform alignments was 
not affected . 
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Performance of t he lunar module guidance computer was nominal . T he 
interfaces between t he computer and t he rendezvous and landing radar sys
tems were demonstrated to be operational, although some procedural prob
lems were experienced. 

The initial computer readout of range rate from t he rendezvous radar 
consi sted of random and very large values .  Th e  result was t hat the state 
vector update loaded into t he computer erasable memory exceeded t he allow
able limit s. T he excessive update parameters were di splayed to the crew 
by a flashing " Verb 06 Noun 49" on t he di splay and keyboard uni t. The 
crew di scarded t he data by entering " Verb 32 Enter" on t he keyboard unit ; 
t hi s  entry causes t he rendezvous radar data READ routine to recycle . 

The large initial range-rate value i s  t he correct response from t he 
hardware/ software/procedural interface used on t hi s  vehicle . The rendez
vous radar output shift regi ster i s  not re set to zero when t he radar i s  
powered up , and t he initial bit configuration i s  unpredictable ; however, 
the design of the register i s  suc h t hat it is predominantly loaded with 
ones at activation. T hi s  initial bit configuration is t hen shifted to 
the computer as range rate when t he first readout command is sent to t he 
rendezvous radar . Sub sequently , t he rendezvous radar output regi ster i s  
cleared, and valid range data are inserted for transfer t o  t he computer . 
T he second readout command will shift valid range data to t he computer ; 
consequently, the radar data associated with t he first "mark" will con
si st of valid range and invalid range rate information . This condition 
did not occur during t he Apollo 9 mi ssion because different software and 
procedure s were used. T he problem has been corrected procedurally for 
Apollo 11. 

T he landing radar spurious return test, which was to be conducted 
during t he de scent pha sing maneuver , produced no telemetry data because 
of an improper keyboard entry . The test routine ( R77) had been properly 
selected ( Verb 78 Enter) prior to t he near-lunar surface activitie s; as 
a result , t he landing radar beam velocities had been placed in the com
puter downli st .  A request for out-of-plane rendezvous di splay ( Verb 90 
Enter) was entered on t he keyboard after t he low-level pass. T his entry 
improperly terminated t he R77 routine and removed valid landing radar 
data from t he downli st . In order to reenter t he R77 routine after an 
improper exit • t he operator must make a keyboard entry of " Verb 79 Enter, "  
followed by t he normal Verb 78 sequenc e .  However , t hi s  entry was not 
made and valid data were not obtained for t he test routine . 

A procedural problem resulted in an attitude deadband of 0 . 3 degree 
for t he insertion maneuver rather t han t he 1-degree deadband normally 
used by t he digital autopilot . The smaller deadband resulted because 
of a unique :feature in t he Luminary program. Although t he t hrusting pro
grams e stabli sh a 1-degree deadband , if t he autopilot con:figuration i s  
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requested for observation after a thrusting program is entered , one of 
the two selectable deadbands will be chosen . The crew options are 5 de
grees and 0 . 3  degree , and the smaller deadband had been selected before 
the insertion maneuver . The telemetry data indicate that the digital 
autopilot configuration was called for observation after the P42 thrust
ing program was entered; hence ,  the 0 . 3-degree deadband was used for the 
maneuver . The program will be corrected for subsequent missions . 

The computer demonstrated the ability to accept ground updates , 
perform abort system initializations and alignments , control the rendez
vous and landing radar, align the inertial subsystem, control firings , 
and provide rendezvous targeting as will be required for a lunar mission . 
The programs utilized by the computer during the mission are listed in 
table 8 . 6-VI . 

8 . 6 . 3  Abort Guidance System 

Performanc e of the abort sensor ass embly was nominal . A summary of 
the pre-installation calibration data is shown in table 8 . 6-VII . An in
flight calibration was planned prior to undocking during the twelfth 
lunar revolution but was not completed because of a timeline constraint . 
The accelerometer bias was estimated from the accumulation of accelerom
eter counts during coasting flight (table 8 . 6-VIII ) .  The relative gyro 
drift was estimated from a comparison of attitudes of the abort and pri
mary guidance systems during coasting flight ( table 8 . 6-VIII) . Sensor 
performance was as expected, and succes s ive inflight measurement results 
indicated good sensor stability . Close agreement existed between the 
velocity-to-b e-gained res iduals from the abort and primary guidance sys
tems . A comparison of the change-in-velocity residuals for five firings 
are shown in table 8 . 6-IX . 

The abort electronics ass embly , using Flight 
performed all functions required for the mis s ion. 
data entry and display ass embly was nominal . 

8 . 6 . 4  Control Electronic s  

Program 5 ,  success fUlly 
The performance of the 

The control electronics section was used by the primary and abort 
guidance systems to provide attitude and translation control of the 
spacecraft . The performance level of the control electronics section 
permitted satisfactory completion of all required mission functions , in
cluding the staging activities . Two anomalies were associated with the 
system: ( 1 )  a gimbal dr�ve actuator fail indication qccurred during the 
phasing maneuver , and ( 2 )  the yaw rate gyro output was offset prior to 
staging . A more detailed discussion of thes e anomalies is contained in 
section 15 . 
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TABLE 8 . 6-I . - INITIALIZATION COMPARISON 

Primary to abort guidance 

Initialization completion 
update accuracy* 

time , hr :min : sec 
Position , Velocity , 

ft ft/sec 

96 : 57 : 11 1547 1 . 4  

97 : 06 : 08 1397 0 . 8  

97 : 09 : 29 1072 l . O  

97 : 17 : 13 513 0 . 2  

104 : 36 : 02 395 0 . 5  

104 : 58 : 58 341 0 . 8  

107 : 14 : 03 859 0 . 0  

*Obtained rrom vector magnitude dirrerences , 
downlink station tapes . 



TABLE 8 . 6 -II . - PLATFORM ALIGNMENT SUMMARY 

Gyro torquing angle , 
Star angle Time , 

Star used 
deg 

di fference , hr : min 
deg X y z 

99 : 20 33 Antares ; 25 Acrux -0 . 668 -0 . 195 -0 . 05 5  00009 

101 : 30 25 Acrux ; 33 Antares -0 . 169 +0 . 050 +0 . 066 00002 

10 3 :  40 Altair ; 33 Antares +0 . 311 +0 . 121 +0 . 0 81 00004 

Gyro dri ft , 

X y . 
+5 . 1  -1 . 5  

-13 . 8  -5 . 4  

mERU 

z 

+1 . 9  

+3 . 6  

) / 

co I 1-' 1-' 



8-12 

TABLE 8 . 6-III .- GUIDANCE SYSTEM ALIGNMENT COMPARISONS 

Alignment completion Primary guidance 
time , hr :min : sec abort guidance , 

l .  97 : 00 : 28 <0 . 03 

2.  97 : 0 3 : 20 <0 . 06 

3.  97 : 29 : 18 <0 . 05 

4 .  98 : 57 : 58 <0 .03 

5 .  100 : 52 : 25 <0 . 06 

6 .  102 ; 48 : 18 <0 . 03 

7 .  103 : 27 :  <0 . 06 

8 .  104 : 36 : l2  <0 . 05 

9 .  105 : 09 : 45 <0 . 04 

lO . 107 : 14 : 55 <0 . 04** 

*Not corrected for timing differences . 
**Six minutes after alignment . 

minus 
deg* 

v 

·�. 



TABLE 8 . 6-IV.- MANEUVER SUMMARY 

Maneuver 

Descent orbit Ascent orbit Constant dif- Terminal pha.se Ascent engine 
Parameter 

insertion Phasing 
insertion ferential height ini tia.tion 

firing to 
depletion 

PGNCS-DPS PGNCS-DPS PGNCS-APS PGNCS-RCS PGNCS-RCS AGS-APS 

Time 
Ignition , hr:min: sec 99 : 46 : 01.6 100 : 58 : 25 .93 102 : 5 5 :02 .13 104 : 43 : 53 . 28 105 : 22 : 5 5 . 58 108 : 52 :06 
Cutoff, hr:min:sec 9 9 : 4 6 : 2 9 . 0  100 : 59 : 05 . 88 102 : 55 :17.68 104 : 43 : 54 .93 105 : 23 : 12 .08 108 :56 : 14 
Duration, sec 27. 4 39.95 15 . 5 5  1 . 65 16 . 5  248.9 

Velocity change , ft/sec 
( actual/desired) 
X 97 . 4/97 . 5  -181 . 5/-181 . 2  +2.6/+2.6 26 .1/24.1 -2292 . 7 /-2686 
y 134.0/135 . 6  -ll7 . 2/-ll5 . 7  0 . 0/0 . 0  0 . 0 /-0 . 2  -2839 . 8/-3432 
z 56 . 9/ 58.1  -51. 8/-51 . 1  +0 . 1/+0 . 1  +1.0/0.0 -ll87 . 4/-1474 

ResiduaJ. after trimming , ft/sec 
X +0 . 2  0 . 0  +0 . 1  +0 . 1  
y -0 . 5  + 0 . 1  o . o  -0 . 2  
z -0 . 9  -1 . 3  - 0 . 1  + 0 . 1  

Gimbal drive actuator position , 
deg 
Initial 

Pitch -0.71 
Roll +0.12 

Maximum excursion 
Pitch +0 . 92 
Roll +0.86 

Steady-state 
Pitch -0.69 
Roll +0 .23 

Cutoff 
Pitch -0 .74 
Roll +0.21 

Maximum rate excursion, deg/sec 
Pitch -0.79 
Roll -0 . 89 
Yaw 0 .10 

Maximum attitude excursion. deg 
Pitch -3.29 
Roll -3 . 31 
Yaw +0 . 84 

NOTE : No other data are available for these maneuvers and none are available for the coelliptic sequence initiation maneuve r .  
DEFINITIONS : PGNCS - Primary guidance , navigation, and control system; DPS - Descent propulsion system; APS - Ascent propulsion system; 

AGS - Abort guidance system. 

') 



TABLE 8 . 6-V.- INERTIAL COMPONEKT PREFLIGHT HISTORY - LUNAR MODULE 

Error 
Sample Standard No. of Countdown Flight 

mean deviat ion samples value load 

Accelerometers 

X - Scale factor error , ppm 
I -378. 6 2 6 . 8ol 5 -368 -430 . . ! 

Bias , em/sec 
2 

-0 . 395 0 . 047 5 -0 .42 -0.41 

y - Scale :factor error , ppm -714 . 4  77 - 354 5 -780 -840 

Bias , em/sec 
2 

. . 0 . 173 0 . 091 2 0 .12 0 .18 

z - S cale factor error , ppm -405 . 2  62. 523 5 -486 -530 

Bias , em/sec 
2 

-0. 013 0 . 028 5 0 . 04 -0.03 

Gyroscopes 

X - Null bias drift , mERU -3 . 4  1 . 681 15 -3 . 5  -3.2 

Accelerat ion drift , spin reference 
axis , mERU/g . . 5 . 6 2 . 095 7 2 . 9  5 . 0  

Acceleration drift , input 
axis ,  mERU/g 7 . 2  12. 381 ll -0 . 2  1 . 0  

y - Null bias drift , mERU . l . l  0 . 794 7 0 .86 1 . 5  

Acceleration drift , spin referenc e 
axis ,  mERU/g . . 0 . 5  3 . 710 5 1 . 16 ,2 . 0  

Acceleration drift , input 
axis ,  mERU/g . 18 . 6  3. 587 5 21.0 20.0 

z - Null bias drift , mERU 0 . 2  1 . 064 7 -0 .82 -1.2 

Acceleration drift , spin reference 
axis ,  mERU/g . -0 . 1  1. 882 5 -1.04 -1 . 0  

Acceleration drift , input 
axis , mERU/g . -22 .8 +0. 874 5 26 .1 -24 . 0  



TABLE 8 .  6-VI . - PROGRAMS USED 

No . Description 

POO Lunar module idling 

P06 Computer power down 

P20 Rendezvous navigation 

P22 Lunar surface navigati on 

P27 Computer update 

P30 External velocity change 

P32 Coelliptic sequence initiation 

P33 Constant differential height 

P34 Terminal phase initiati on 

P35 Terminal phase midcourse 

P40 Descent propuls ion system thrusting 

P4l Reaction control system thrust ing 

P42 Ascent propulsion system thrusting 

P47 Thrust monitor 

P52 Platform realignment 

8-15 



TABLE 8. 6-VII . - SU!oMARY OF ABORT GUIDANCE SECTION PREINSTALLATION CALIBRATION DATA 

Sample Standard 
Sample 

Final Flight 
Accelerometer bias mean , deviation, 

size 
calibration compensation 

�g �g value , �g value* ,  llg 

X 41 17 21 59 98 

y -90 17 21 -107 -119 

z 66 49 21 17 24 

Time Standard 
Sample 

Final Flight 
Acceleromet er scale fact or constant , deviation, 

size 
calibration compensation 

days ppm value , ppm value , ppm 

X 76 . 7  16 . 3  12 -520 -521 

y 58 . 2  19 . 5  12 -6o6 -606 

z 78 . 6  14 . 6  12 -530 -530 

Sample Standard 
Sample 

Final Flight 
Qyro scale factor mean , deyiation, 

size 
calibration load value , 

ppm ppm value , ppm ppm 

X 2191 18 21 2186 2185 

y 1082 12 21 1095 

z -1925 5 21 -1925 

Sample Standard Final 
Flight 

Gyro fixed drift deviation, 
Sample calibration 

load value , mean , 
si:r.e value , deg/hr deg/hr 

deg/hr 
deg/hr 

X -0.17 0 . 06 21 -0 .11 -0 .106 

y -0.40 0 . 09 21 -0 . 41 -0 . 413 

z -0 .50 0 . 09 21 -0 . 44 -0.442 

Sample Standard 
Final 

Flight Sample calibration Gyro spin axis mass mean ,  deviation , load value , 
tmbalance deg/hr/g deg/hr/g 

size value , 
deg/hr/g 

deg/hr/g 

X 0 .05 0 . 10 21 0 . 05 0 . 043 

*Equivalent calibration values . 

� -
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TABLE 8 . 6-VIII . - ABORT GUIDANCE BIAS AND DRIFT 

Axis 
Accelerometer Expected, Relative gyro Expected,  

bias , )lg )lg drift , deg/hr deg/hr 

X -56 ±220 +0 . 02 ±0 . 8  

y +6 ±220 -0 . 16 ±0 . 8  

z -111 ±220 -0 . 14 ±0 . 8  
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TABLE 8 . 6-IX . - VELOCITY RESIDUALS 

Velocity residuals , ft/sec 

Maneuver 
Abort guidance Primary guidance 

Phasing 2 . 0  1 . 0  

Insertion 1 . 1  1 . 7  

Constant differential 0 . 2  0 . 1  
height 

Terminal phase 0 . 4  0 . 1  
initiation 

Ascent propulsion 762* 765* 

*Large residual caused by targeting well beyond propellant 
capability to insure depletion before cutoff . 
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8 . 7  REACTION CONTROL 

Performanc e of the reaction control system was nominal . The system 
pressurization sequence was nominal , and the regulators maintained accept
able outlet pressures (between 178 and 184 psia ) throughout the mission .  

The switches used t o  monitor thrust chamber pres sure on the up-firing 
engines of quads 1 ,  2 ,  and 4 and the down-firing engines on quads 2 and 3 
failed in the closed pos it ion . Engine operation was nominal , and the 
switch failures had no e ffect on the mission .  Further discussion is con
tained in section 15 . 2 . 11 .  

Thermal characteristics were satis factory throughout the mission ,  
and all values were well within the caut ion and warning limits .  Fuel 
tank temperatures ranged from 70° to 71° F during manned operation and 
decreas ed to a minimum of 64° F during unmanned operation after the as cent 
propuls ion firing to depletion . 

Propellant consumption measured by the onboard propellant quantity 
measuring devi ces , during manned operations was 278 pounds , about 12 per
cent less than predicted. Fi gures 8 . 7-l and 8 . 7-2 include total and in
dividual system propellant consumption profiles , respectively . 

The reaction control system was used in the ascent interc onnect mode 
during portions of the coelliptic s equence initiation and terminal phas e 
initiation maneuvers . As a result , approximately 42 pounds of propellant 
was used from the ascent propuls ion tanks . 
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8 . 8  DESCENT PROPULSION SYSTEM 

The desc ent propuls ion system operated satis factorily for the de
scent orbit insertion and phas ing maneuvers .  

8 . 8 . 1  Inflight Performance 

The first descent propulsion firing was initiated at 99 : 46 :02 and 
lasted 27 seconds . The engine was started at the minimum throttle set
ting of approximately 11 . 3  perc ent of full thrust ,  and after approximately 
15 seconds , it was throttled to 40 percent thrust for the remainder of 
the firing . Satis factory performance is indicated by the actual firing 
time of 27 . 4  seconds , as compared with the predicted duration of 28 sec
onds and the low res idual velocity components . The second firing was 
initiated at 100 : 58 : 2 5 . 9  and lasted 40 . 0  seconds , corresponding to a 
change in velocity of 177 ft /s ec . Analysis of the engine trans ient and 
throttle response indicates nominal behavior . Table 8 . 8-I is a compari
son of the predicted and measured propuls ion system parameters . 

8 . 8 . 2  System Pressurization 

The oxidiz er tank ullage pressure decayed from 168 to 97 ps ia during 
the period from lift-off to the first system activation at about 83 hours . 
During the same period, the fuel tank pressure decreas ed from 188 to 152 
ps ia . Both decays resulted from helium absorption into the propellants 
and were within the expected range . 

The measured supercritical helium tank pressure profile was essen
tially nominal . The preflight and inflight pressure ris e rates were 7 . 3  
and 5 . 9  ps i/hr, respectively . Thes e rates compare favorably with previ
ous miss ions . 

8 . 8 . 3  Gaging System Performance 

At engine ignition for the second desc ent firing , the two oxidi zer 
propellant gages were indicating off-scale , as expected ( greater than the 
maximum 95 percent indication ) .  Fuel tank probes 1 and 2 were indicating 
94 . 2  and 94 . 5  percent , respectively , but should also have been reading 
off-scale . This deviation existed before launch . Table 8 . 8-II presents 
a comparison of the measured and calculated quantities for the end of the 
s econd firing . All readings were within 1 . 3  percent of the predicted 
values . 
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The crew reported three master alarms during the phas ing maneuver , 
and two of thes e alarms were associated with propellant low-quantity 
indications . The first alarm was concurrent with the engine firing com
mand . A descent propellant low-quantity indicator light came on but went 
out when the master alarm was reset , and immediately after 100 percent 
throttle was reached ,  the master alarm came on at the same time the low
quantity indicator came on for the second t ime . 

Further discuss ion of this anomaly is contained in section 15 . 2 . 2 .  



TABLE 8 . 8-I . - DESCENT PROPULSION MEASUREMENTS DURING SECOND FIRING 

10 seconds after i gnition 35 seconds after igniti on 
Parameter 

Predi cted Measured Predicted Measured 

Throttle position , percent . . . . . . 11 . 3  13 . 1  Full Full 

Regulator outlet pressure , psi a . . . . 247 247 247 247 

Oxidizer bulk temperature , OF . . . . . 70 69 70 69 

Fuel bulk temperature , °F . . . . . . 70 70 70 70 

Oxi dizer interface pressure , psia . . . 244 235 225 218 

Fuel interface pressure , ps ia . . . . . 244 243 225 225 

Engine chamber pressure , psi a . . . . . 13 
a

l3 106 
a

l06 

�as ed on observed bias . 

) 

CD I 
w t\) 

) 



TABLE 8 . 8-II . - DESCENT PROPULSION GAGING SYSTEM PERFORMANCE 

[Measured values at 100 ; 59 : 06 ,  the end of the phasing 

orbit insertion maneuver] 

Oxidizer tank l 

Measured quantity , percent . 

Calculated quantity , percent 

Oxidizer tank 2 

Measured quantity , percent • 
Calculated quantity , percent 

Fuel tank l 

Measured quantity , percent • 
Calculated quantity , percent 

Fuel tank 2 

Measured quantity , percent . 

Calculated quantity , percent 

94 . 3 

98 . 1 

94 . 5  

9 3 . 2  

92 . 4  

92 .9  

92 . 0  

9 3 . 0  

8-33 
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8 . 9  ASCENT PROPULSION 

The asc ent propuls ion system duty cycle cons isted of a 15 . 6-second 
manned lunar ins ertion maneuver and a 248 . 9-second unmanned firing to 
depletion . Sys tem performance was nominal during both firings . 

The regulator lockup pres sure at initial asc ent propuls ion pressur
ization was 184 ps ia . Regulation during the insertion maneuver and lock
up after the firing were nominal . 

At the start of the firing to depletion, the regulator outlet pres
sure dropped to the expected value of 181 ps ia . At 118 seconds into the 
firing , osc illations in helium regulator outlet pressure were measured 
by both transducers . These oscillations were caus ed by the interaction 
between downstream regulators and check valves and were present for the 
remainder of the firing . While thes e oscillations have been seen in 
acceptanc e tests but not during Apollo 9 ,  their presence did not adverse
ly affect flight performanc e .  

Table 8 . 9-I is a summary of actual and predicted performanc e during 
the lunar ins ertion maneuver and the firing to depletion . A second pre
diction was made from flight regulator ,  propellant temperatures , and load 
data , and the measured flight data match this second set of predicted 
values . A shift in the oxidi zer interface pressure instrumentation has 
been accounted for in the data presented in table 8 .9-I . The first in
dication of chamber pressure decay in the firing to depletion was at 
108 : 55 : 32 . 3 .  Chamber pressure during the fuel depletion is shown in 
figure 8 . 9- 1 .  The pressure decay compared well with ground test data . 
The fuel low-level sensor was uncovered at 108 : 5 5 : 2 4 ,  or 199 seconds into 
the firing to depletion (predicted time was 200 seconds ) .  The oxidizer 
low-level s ensor was uncovered at 108 : 5 5 : 37 ,  or 212 seconds into the fir
ing . Based on this information and the propellant available at ignition,  
the average propellant mixture ratio was 1 . 59 .  



TABLE 8 . 9-I . - STEADY-STATE PERFORMANCE 

First firing 
Second firing 

Parameter 
10 seconds after ignition 

15 seconds after ignition 150 seconds after ignition 

Predicteda Predicted
b 

Measured0 Predicteda Predicted
b 

Measured0 Predicteda 

Regulator outlet pressure , psi a 185 181 181 185 181 181 185 

Oxidizer bulk temperature , OF 70 70 70 70 70 70 70 

Fuel bulk temperature , °F 70 71 71 70 71 71 70 

Oxidizer interface pressure , psi a 171 167 167 171 167 167 171 

Fuel interface pressure , psi a 171 167 167 171 167 167 171 

Engine chamber pressure , psi a 123 121 121 123 121 121 123 

Mixture ratio 1 .  592 1. 592 - - 1 .  591 1. 591 -- 1. 587 

Thrust ,  1b 3499 3434 -- 3499 3435 -- 3478 

Specific impulse , sec 308 308 -- 308 308 -- 309 

Spreflight prediction based on acceptance test data and assuming nominal system performance . 
bPrediction based on regulator outlet pressure , propellant bulk temperatures , and propellant load data from fligh t .  
0Actual flight dat a with known biases remove d. 

Predicted
b 

Measured0 

181 181 

70 70 

71 71 

167 166 

167 166 

121 121 

1 . 588 --
3411 --

309 --
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8 . 10 ENVIRONMENTAL CONTROL SYSTEM 

The environmental control system was activated for approximately 
12 hours and performed satis factorily . 

The apparent rate of carbon dioxide buildup in the suit loop was 
consi derably higher than predicted ( 0 . 6 5  mm Hg )hr compared to 0 . 08 mm 
Hg/hr ) .  The carbon dioxide partial pressure stabilized at 2 . 4  mm Hg , 
but it jumped to  4 . 3  mm Hg bri efly during closed loop operation . Prior 
to lunar module closeout , the secondary cartridge was selected, and the 
indicated carbon dioxide level dropped immediately to 0 . 2 mm Hg . See 
section 15 . 2 . 13 for further details . 

Cabin press ure was lost during lunar module jettison, providing an 
opportunity to  evaluate the environmental control system under a rapid 
decompress ion failure . The automatic functions of the suit loop were 
verified when the suit loop locked up at 4 . 4  ps ia . Additionally, the 
cabin control logi c was verified to perform satisfactorily . 

The prelaunch cabin leakage was 0 . 06 lb/hr ,  and the inflight leak
age , using a metabolic rate of 320 Btu/hr per crewman ,  was approximately 
0 . 02 lb/hr.  During 4 hours of ascent stage operations , 0 . 5  pound of 
oxygen was used . This is les s than predicted and can only be explained 
by low metabolic · usage and low leak rates . 

During water s ervi cing prior to launch , the nitrogen used to pres
surize the water tanks permeated the water tank bladder and totally sat
urated the water at the fill press ure of 4 3 . 6  psia . When the water 
pressure was dropped to 5 . 0  ps ia for drinking , some nitrogen was releas ed 
from solution ,  and 12 . 2  perc ent by volume was expelled through the drink 
gun . This percentage decreas ed as the absolute pressure of the water 
tank decreas ed . The gas dissolved in the water had no effect on opera
tion of the water system or the sublimator . 

The primary glycol loop was activated without the sublimator during 
the initial manning . The glycol temperature increas ed 3 . 5° F ,  compared 
with the predicted increase of 3 . 1° F .  

8 . 11 CREW STATION 

The Lunar Module Pilot reported that when he donned his gloves , the 
sleeves of the liquid cooling garment interferred with the wrist discon
nects on the pressure garment . Prior to launch , the elastic cuffs had 



8-38 

been removed from the liquid cooling garment . In doing so , the resultant 
seam between the outer Spandex cover and the inner liner allowed the liner 
to drop . Custom fitting and improved quality control will be implemented 
on future flights . 

Following the communication checks on the initial lunar module man
ning , the Commander initiated the oxygen purge system checkout . On one 
of the units , when the Commander moved the actuator mechani sm into the 
active pos ition, the oxygen pressure gage indicated the normal 5800 ps i .  
However , when the Commander pushed the heater test button , the test lights 
did not come on . Postflight s imulation tests have not been able to repeat 
this malfunction . Further discussion of this anomaly is contained in s ec
t ion 15 . 2 . 8 . 

8 . 12 RADAR 

Landing radar .- The spacecraft was oriented for the radar overpas s 
test at approximat ely 100 : 32 : 00 . Beam acquis ition occurred at 100 : 32 : 2 2 ,  
and the beams acquired tracker lock within 2 sec onds of each other . Slant 
range at ac quis ition was about 75 500 feet , which corresponds to  a true 
altitude above the surface of nearly 71 000 feet . Radar lock was main
tained until an S-band communications problem caus ed loss of continuous 
downlink data at 100 : 36 : 32 .  Sporadic data points were obtained until 
100 : 41 : 43 ;  at that time , the radar indicated a slant range of 50 460 feet , 
equivalent to a true altitude of 47 400 feet , or less than 8 miles , above 
the local surface .  

The ground track of Apollo 10 has been determined from a comparison 
of miss ion photographs with Lunar Orbiter photography and the 16-mm fixed 
camera film. Thes e data and the corresponding radar altitude data are 
shown in figure 8 . 12-1 . 

As shown in the figure, acquis ition occurred at 75 degrees east , 
where the terrain was sloping downward . Then at 100 : 33 : 10 ,  the terrain 
ros e rather rapidly to  9000 feet in 20 seconds . This correlates with the 
mosaic as the ground track pas ses into a crater , then out . Correlat ion 
is not evident between 100 : 33 : 30 and 100 : 34 : 30 .  This could be attributed 
to uncertainty in Orbiter photography . A detailed evaluation of landing 
radar performanc e will be published in a supplemental report . 

Radar data correlat e with the ground track through the Foaming Sea 
from 100 : 35 : 20 to 100 : 36 : 30 ,  at which time data became sporadic . 

The measurements between 100 : 37 : 50 and 100 : 39 : 15 were in  the Sea of 
Fertility between Webb U and Taruntius K and P .  The isolated measurement 
at 100 : 41 : 42 was near Secchi . 
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Rendezvous radar . - Rendezvous radar performance during the entire 
mission was nominal . Velocity changes calculated using radar data com
pared to within 1 ft/sec with Network calculations . The radar tracked 
the command and s ervice modules at ranges in excess of 320 miles . 
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8 . 1 3 CONSUJ'.1ABLES 

The usage of all lunar module consumables is s ummari zed i n  this sec
tion . Electrical power consumption i s  dis cus sed in s ection 8 . 3 .  

8 . 13 . 1  Des cent Propuls ion System Propellants 

The quanti ties of descent propulsi on system propellant loaded an d  
consumed are shown in the following table . ( The loadi ngs were calculated 
from readings and measured densities pri or to lift-off . ) 

Fue l ,  lb Oxidi zer, lb 

Loaded 7 009 . 5  ll 209 . 2  

Consumed ( es timat e d )  29 5 . 0  470 

Remaining at separat ion 6 714 . 5  10 739 . 2  

8 . 13 . 2  As cent Propuls ion System Propellants 

The total as cent propuls ion system propellant loading and consump
t ion values were as follows (the loadings were determined by weighing 
the off loaded propellants and measured dens iti es prior to lift-off ) : 

Fue l ,  lb Oxidi zer ,  lb 

Loaded 981 1650 

Consumed by as cent propuls ion 67 108 
system prior to as cent s tage 
j etti s on 

Consumed by reaction control 14 28 
system 

Total consumed at fuel depletion 887 1408 

Total remai ning at fuel depletion ( res idual ) 106 

A port ion of the as cent propuls ion system propellants were us ed by 
the react ion control system during the coellipt i c  seque nce and t ermi nal 
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phase initiation maneuvers . A summary of reaction control system pro
pellant us age from the as cent propulsion tanks i s  as follows : 

Oxidi zer , Fuel , Total , 
lb lb lb* 

Coelliptic s equence i nitiation 19 . 4  9 . 6 29 . 0  

Terminal phas e  initiation 8. 6 4 . 3  12 . 9  

Totals 28 . 0  13 . 9  41 . 9  

*Bas ed on engine firing time and flow rate data.  Duration of inter
connect operation duri ng coelliptic sequence initiation is  estimated. 

8 . 13 . 3  Reaction Control System Propellants 

The propellant utili zation and loading for the lunar module reacti on 
CDntrol system, including manifolds , are shown in  the following table . 
( Consumption was calculated from telemetered helium tank pres sure histor
ies using the relationship between pres sure , volume , and temperature ; the 
mixture ratio was as sumed to be 2 . 0 . ) 

Loaded 

System A 

System B 

Consumed 

System A 

System B 

Remaining at last data trans 
mi ssion (120 hours ) 
System A* 

System B* 

Fue l ,  

108 

108 

101 

86 

7 

22 

lb Oxidi zer , 

209 

209 

197 

173 

12 

36 

lb 

*System B values based on onboard propellant quantity measuring de
vice . All us able propellant in system A was depleted. 
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8 . 13. 4 Oxygen 

The oxygen quantiti es loaded at lift-off and those consumed ,  based 
on telemetered data,  were as follows : 

Loaded 

Ascent stage 

Tank l 

Tank 2 

Des cent stage 

Consumed 

Ascent stage 

Tank l 

Tank 2 

Descent stage 

Remaining 

As cent stage 

Tank l 

tank 

at last data transmission 

tank at separation 

at last dat a transmi ssion 

Oxygen ,  lb 

2 . 4 

2 . 4 

47 . 4  

0 . 5 

o . o 
4 . 6  

1 . 8  

Tank 2 2 .  3 

Descent stage at separation 42 . 8  

8 . 13 .  5 Water 

The water quant it ies loaded and consumed ,  based on telemetered data , 
were as follows : 

Loaded 

As cent stage 

Tank l 

Tank 2 

Descent stage tank 

Water , lb 

42 . 5  

42 . 5  

318 . 7  
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Consumed 

As cent stage through last data transmis sion 

Tank l 

Tank 2 

Des cent stage tank at separation 

Remaining 

As cent stage at las t data transmi ssion 

Tank l 

Tank 2 

Descent stage at separat ion 

37 . 2  

36 . 2  

56 . 7  

5 - 3 

6 . 0  

262 . 0  
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9 . 0 PILOTS ' REPORT 

9 . 1  PREFLIGHT ACTIVITIES 

The Apollo 10 miss ion was conceived 2 years before launch to test 
the crew, the entire spacecraft , and all support facilities in a lunar 
orbit mis sion prior to a lunar landing . 

Combined training with both miss ion s imulations and the Mis s ion 
Control Center began in mid-March 1969 . Flight crew s imulations had 
demons trated that the crew could stay 20 to 30 minutes ahead of non-time 
dependent spacecraft checks in earth parking orbit . This margin in the 
schedule allowed the crew to be prepared for time-critical events . 
Throughout the mis s ion , the preflight s imulations proved to be represent
at ive of the actual flight . All maj or s imulation activity ended 8 days 
before launch , and only refresher runs were conduct ed after this time . 

Other s imulators us ed during the earlier training included the dy
namic crew procedures s imulator for launch and launch aborts , the termi
nal docking s imulator , the rendezvous and docking s imulator at Langley 
Research Center , and the centrifUge for clos ed-loop entry . These hybrid 
simulators provided realistic training in specific areas not available 
with the mission trainers . Two weeks prior to launch , the crew were con
fident they could perform all facets of the miss ion and were familiar 
with all available control modes and spacecraft capabilities . 

In a concerted effort to assure a reasonably fresh crew in  the lunar 
landing mission, the lunar module checkout requirements prior to  desc ent 
were succes s fully reduced from 10 to 6 hours . 

Considerable effort was also spent in s implifying and eliminating 
any unnecessary procedures for the t ime the command module was operated 
by a single crewman in _lunar orbit . Abbreviated checklist procedures on 
cue cards mounted at the main display console provided readily available 
data for the Command Module Pilot during these solo operations . 

A rigid training schedule commenced i n  November 1968 , terminated in 
the first week of May 1969 , and averaged a workload of 6 days a week 
"12 hours per day . The opportunity for the crew to both relax and concen
trate on phys ical conditioning during the 2 weeks before launch contrib
uted to their excellent state of well-being and health throughout the 
flight . 
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9 . 2  EARTH ASCENT 

Throughout the uneventful countdown , the test conductor and the crew 
maintained a timeline approximately 20 minutes ahead of the s chedule d 
count down act iviti es . The final verbal count was initiated by the block
house communicator at 15 seconds prior to lift-off . Engine vibration 
and noise were first noted at 3 . 5  s econds before lift-off , then increased 
in magnitude until launch-vehicle releas e ,  at which t ime the level de
creas ed. The planned yaw maneuver start ed at 2 seconds with approximately 
two-thirds the magnitude experienced in s imulators . Tower clearance was 
confirmed at approximately 12 seconds , followed by initiation of the pro
grammed roll and pitch maneuvers . The roll program ended exactly at the 
predicted t ime . Noi s e  and vibration levels again increased;  however , 
these were less than had been experienced during a Gemi ni launch , and 
adequate intercommunicat ions were maintained. Cabin pressure relieved at 
approximately 1 minute after lift-off . After the maximum dynami c pres sure 
region , the noise decreased to a low steady roar . Inboard engine shutdown 
oc curred on time and was accompani ed by a s light longi tudinal osci llation 
that damped rapidly . Outboard engine shutdown occurred at exactly 
02 : 40 :00 and was accompanied by longitudinal osci llations that damped 
after four cycles . The staging s equence and second-stage ignition occur
red during these os cillations , and the appropriate engine lights were ex
t inguished when the os cillat ions ended. The crew had ant i cipated one 
large negat ive puls e and were therefore surpri sed by the seri es of rapid 
and relatively large fore-and-aft longitudinal osci llations . 

Second-stage engine noi s e  was very low , and the entire stage opera
tion was characteri zed by a smooth hum. Guidance initiation occurred on 
time with a very smooth respons e ,  and the remainder of the S-II flight 
was nominal. Inboard engi ne shut down was observed at 7 minutes 40 sec
onds , and the outboard engine shut down at the predi cted t ime . Outboard 
engine shutdown was accompanied by longitudinal os ci llat ions that were 
approximately one-half the magnitude noted at the end of firs t-stage 
boos t .  These longitudinal oscillations stopped abruptly when the s econd 
stage was j ettisoned. During the entire boost phase , traj ectory progres s 
was recorded and the data points indicated that the launch vehicle was 
steering according to the nominal inert ial-velocity and altitude-rate pro
files . 

S-IVB ignition was accompanied by a nois e  and vibration level that 
was cons iderably louder than expected . The vibrations were estimated 
to be about 20 hertz and could be sensed in all three spacecraft axes .  
Engine cutoff occurred exactly at the predi ct ed t ime . 
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9 .  3 EARTH ORBIT COAST 

Insertion conditions from the onboard comput er were 25  565 ft /sec 
inert ial velocity , minus 1 ft/sec altitude rate , and 102 . 6  miles peri
gee . The post-ins ertion checklist was completed prior to Canary Island 
station acqui s ition , and the Command Module Pilot immediately commenced 
spacecraft checkout in the lower equipment b ey .  During the first dark 
period ,  the plat form was realigned and only small gyro torquing angles 
were noted. 

9. 4 TRANSLUNAR INJECTION 

All checks in preparation for trans lunar insert ion were completed 
prior to firs t-pas s acqui s ition over Hawaii .  Backup monitoring proce
dures for the insertion maneuver resulted i n  the crew having complete 
confidence that backup guidance , us ing the manual S-IVB steering mode , 
was feasible . After the second S-IVB ignition , the crew again sensed 
vibrations at the estimated 20 hert z as had been experienced during the 
first firing to orbit .  At approximately 4 minutes into the insertion 
firing , the crew sensed a high-frequency , low-amplitude vibration ( esti
mated 50 to 70 hertz ) superimposed on the low-freqeuncy vibration . This 
vibration could be felt on the main display panel and other parts of the 
spacecraft and continued until S-IVB shutdown . Final shutdown was nom
inal and was followed by S-IVB maneuvering to the undo eking attitude . 

9 . 5  TRANSPOSITION , DOCKING , AND EJECTION 

Preparat ions for transpos ition and docking included the Commander 
and Command Module Pilot exchanging seat pos itions and fastening lap 
belts . Helmets and gloves were worn throughout this mi ssion phase and 
through the lunar module pres suri zation sequence . Hot-firing checks of 
thrusters could not be heard with helmets and gloves on , but the network 
confirmed their operation .  Continuous monitoring of the isolation-valve 
position indi cators for the service module reaction control system showed 
that , unlike Apollo 9 ,  these valves remained open from lift-off . Separa
tion of the command and service modules from the S-IVB was completed under 
digital autopilot control in  the minimum deadband mode and at a 0 . 5-deg/ 
sec rate . The operation was characteri zed by a mild "shotgun n report , 
with considerable lingering debris .  

After s eparation , an automat i c  maneuver to the docking attitude was 
initiated. The S-IVB could be seen through the hat ch window at a distance 
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in excess of 150 feet with a small departure velocity . The adapter panels 
were also s een drifting away from and to the rear of the S-IVB . Following 
the digital autopilot maneuver to the docking attitude , an es timated ve
locity change of 1 . 2  ft/sec was required to clos e on the S-IVB . Minimal 
lateral and vertical translations were requi red to align the optical 
alignment sight with the docking-target crossbar , and closure and docking 
were completed effectively us ing the digital autopilot . The probe con
tacted the drogue at approximat ely 0 . 2 ft/sec , with immediate capture
latch engagement . Thruster firings were inhibited and the spacecraft 
drifted down approximately 2 degrees . No adverse post-contact dynamics 
were observed and the puls e mode of control was used to correct the 
2-degree attitude error . The retract ion sequence appeared to be slower 
than thos e obs erved in s imulati ons . The noise level during docking-
latch engagement was lower than expected , because suits and helmets were 
worn . Post-docking inspection of the drogue showed no probe contact 
marks of any kind . The roll alignment angle at the docking interface was 
minus 0 . 1 degree . 

Lunar module pressuri zation was nominal in all respects and was com
pleted within 8 minutes . The tunnel hatch was removed when the cabin 
pressure indicated approximately 4 . 5  psia . It was obs erved that the 
Mylar covering near the hatch pressure-equali zation valve on the lunar 
module side had pulled loos e ,  and large pat ches of fib er glass insulation 
were seen floating in the tunnel area and adhering to the probe and 
drogue . A cons iderable number of insulation particles floated immediately 
into the command module when the hatch was removed . The preflight re
positioning of the suit hos e connections from the Commander and the Lunar 
Module Pilot facilitated removal of the tunnel hardware .  All automatic 
docking latches were engaged ,  but latches 3, 4, and 10 had rec ess ed bun
gees wh ich showed them to require only one stroke to cock . After the 
tunnel hatch was reinstalled , the tunnel vent valve was placed in the 
command module/lunar module DELTA-P position to measure the lunar module 
cabin leak rate during translunar coas t .  

Spacecraft ej ection was performed as expected, with the lunar module 
moving smoothly away from the S-IVB . After complet ion of an automat i c  
maneuver to the final s eparation firing attitude , using the servi ce pro
pulsion system, the S-IVB was observed in the left side window . Immedi
ately prior to the maneuver , the spacecraft was approximately Boo to 
1000 feet in front of and 100 feet laterally from the S-IVB . The crew 
remained well ahead of the timeline for this s eparation maneuver, which 
was a 19-ft /sec firing on bank A only . Servi ce propuls ion chamber pres
sure was 9 5  ps i ,  and all systems performed normally . 
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9 .  6 TRANS LUNAR COAST 

Suit doffing following the separation maneuver from the S-IVB proved 
to be a diffi cult task because of the extreme diffi culty in removing the 
suit from the shoulders and s lipping the neck ring over the head. About 
4 minutes were spent struggling to remove the suit from over the tors o 
and head area , and in every cas e ,  at least one crewman was required to 
help another . 

Star/earth-hori zon measurements were made to determine the bias cal
ibration for hori zon alti tude required to execute the return-to-earth 
navigat ion program in the event of a communication los s .  The sightings 
were easy to perform with automat ic pos itioning of the optics ; however , 
earthlight "banding" in the teles cope opti cs hindered visual acqui siti on 
of a star in the vi cinity of the earth , such as when conducting a trun
nion bias check . Fortunat ely , a sextant search i n  the vicinity of Mars 
located Antares , and the trunnion checks could be completed. Because of 
the diffi culty in locating a star for bias-calibration check in the vi cin
ity of bright bodies , automat i c  maneuvers to the star/landmark line-of
s ight axis should be incorporated into future star/navigation computer 
programs . 

The only noteworthy system problem experienced during the period 
from lift-off through the first star/hori zon navigat ion s ighting was a 
primary water boiler dryout during the launch phas e .  

Plat form realignment t o  the pas sive-thermal-control reference atti
tude was accomplished early because at the first option point it was de
cided not to perform a midcourse correct ion . The gyro torquing option 
was used extensively , and approximately 5 minutes were required for the 
platform to reorient itself. Following this torquing , automati c  posi
tioning of the optics placed the platform-realignment stars well within 
the sextant field of view . 

At approximately 10 • 5 hours , pass ive thermal control was initiated 
us ing a 0 . 1  deg/sec roll rat e and a 20-degree deadband ab out the other 
two axe s .  This control configuration resulte d  in frequent reaction con
trol thruster firings when the spacecraft dri fted into the yaw and pitch 
deadbands . 

Thruster firing produced a small vibration when the lunar module was 
attached that was readily not iceable by all three crewme n .  Damping of the 
vi brat ion occurred in ab out three to four cycle s . Even with the above 
perturbations , the crew slept soundly the first night . 

The waste stowage vent valve was closed at 10 . 5  hours , and in two 
hours the oxygen flow de creas ed from 0 . 7 to 0 . 2 lb /hr .  Pri or to the 
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rirst sleep period, the crew was instructed by the ground to s ervice the 
potable water system with chlorine while the potable tank inlet valve was 
closed. The crew twice requested clarification of this procedure, since 
it was contrary to the normal procedure . With this valve clos ed , it ap
peared the chlorine would not circulate into the potable tank . Upon 
awakening , the crew soon discovered by taste that the potable water lines 
were rull of chlorine and the valve should have been opened , as originally 
suspected . 

Crew activities on the s econd day were relaxed and normal . Most of 
the s econd group of star/horizon sightings were performed completely in 
auto-optics mode . Therefore , it was s eldom necess ary to operate the orf
control-axis minimum impuls e controller in the lower equipment bay , which 
was never cons istent to motion about normal spacecraft axes . 

At the s econd option point , the first midcourse correction maneuver 
was perrormed with the s ervice propulsion system. Ignition occurred with 
only the bank B valves open . When the bank A valves were opened 3 sec
onds after ignition , the chamber pressure reading increased to approxi
mately 100 ps ia . The engine performed well , and velocity residuals were 
negligible . 

After the midcourse correction , passive thermal control was reestab
lished using a modified procedure in which all attitude rates were com
pletely nulled berore a roll was commenc ed . The roll rate was also in
creased to 0 . 3  deg/hr and the deadband opened to ± 30 degrees . This 
modi fied proc edure was excellent in that no reaction control thrusters 
were rired after the roll rate was established.  It is beli eved the pre
cis ion in nulling rates before s etting in a roll was the primary reason 
for the stability, with the roll rate increase having only minor effect . 
Because of the low propellant consumption of this revised mode , it is 
recommended for all future lunar flights . 

The one system anomaly that resulted in cons iderable crew discoiDrort 
throughout the mis s ion was the quantity of bubbles in the potable water 
system. Thes e bubbles resulted in a bloated feeling in the stomach which 
gave all three crew members the continual feeling or j ust having eaten a 
full meal . 

Following the star/horizon s ightings , activities were characterized 
primarily by spacecraft operation in the passive thermal control mode . 
The crew was able to sleep even more soundly the s econd night because 
the spacecraft never approached the increas ed deadband limits . 

During the s econd and third days , approximately 6 hours was spent 
revi ewing all lunar orbit activities . These reviews required detailed 
study of charts , maps , procedures , flight plans , lunar orbit rendezvous 
activit ies , and landmark tracking maps . 



9-7 

No further translunar midcours e corrections were required. While 
in the passive thermal control mode at approximately the end of the 
s econd d� , it was possible for the first t ime to s ee the new moon next 
to the sun in the shadow of the right-hand side window . Periodi c photo
graphi c  coverage of the earth was conducted throughout the entire trans
lunar coast period . 

9 .  7 LUNAR ORBIT INSERTION 

Prior to lunar orb it ins ertion , the spacecraft went into a night 
period when it ent ered lunar shadow . An accurate platform alignment was 
made using eas ily recognizable stars . Thi s act ivity and all subs equent 
lunar-orb it maneuvers were performed approximately 10 minutes later than 
planned because of an extended translunar traj ect ory resulting from the 
del� of the first mi dcours e correction . The time change di d not appear 
to cause any advers e  effect on crew operat ions in lunar orbit . 

The lunar orb it insertion maneuver was performed ori time . The ma
neuver was charact eri zed by very small pitch and yaw oscillations ( less 
than 0 . 1  deg/s ec ) ,  which damped out prior to completion of the firing . 
One noticeable difference from s imulations was the ±5-degree deadband in 
roll from the command module guidance system as the firing progressed. 
The maneuver was performed 2 minutes after sunris e .  Even with the low 
sun angle , the lunar surface was clearly visible and was first noti ced 
as a reflection in the lunar module overhead window prior to initiation 
of the maneuver .  Onboard computer velocity residuals at shutdown were 
essentially zero and resulted in an on board computed orbit o f  5 9 . 6  by 
169 . 1 miles which was lat er confirme d  by network tracking. The predeter
mined attitude maneuver profiles were performed at .the specified times , 
and the S-band high-gain antenna acquis ition was obtained immediately 
during the first attempt . S-band voi ce communications throughout the 
lunar orbit phase were excellent on both the high-gain and omnidirectional 
antennas . 

The circulari zat ion maneuver was nominal and the spacecraft computer 
indicated an orbit of 61 . 2  by 60 . 0  miles , which was als o confirmed by 
ground tracking. The only problems dU+ing the post-ins ertion period were 
encountered in camera operations . As a result , several s ignifi cant geo
logical areas were not photographed because these features were not sun
lit during sub sequent opportunities for photography . 
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9 . 8  LUNAR MODULE AcriVATION 

The lunar module required a repressurization of 1 . 5  ps i to equali ze 
the pressure between the two vehicles . The hatch and probe were with
drawn and stowed temporarily in the coiiillland module . When the Lunar Mod
ule Pilot opened the hatch , he was confront ed by numerous particles of 
ins ulation that had blown into the lunar module cabin during the repres
surization cyc les . The insulation, however , created no great hazard.  
To maintain good circulation during initial checkout and to alleviate 
some of the stuffiness ,  the Lunar Module Pilot ' s  suit hoses were placed 
through the tunnel into the lunar module . This techni que provided ample 
circulation and adequate cooling. Initial checkout was planned and 
executed effici ently in a shirtsleeve environment . Reorientation to the 
new up-down environment of the lunar module proved to be no problem , as 
has been reported during water/tank simulations . The Velcro on the soles 
of the slippers provided adequate tension to keep the Lunar Module Pilot ' s  
feet on the floor during movements between the left and right consoles . 

The lunar module appeared to be in the same condit ion as observed 
during closeout activity before launch . The checkout progress ed smoothly 
and was completed in approximately 2 hours . During the first day , one 
of the maj or events was the transfer of stowage items and performance of 
the required housekeeping chores , and this s chedule is recoiiilllended for 
future mi ssions . Trans fer from c oiiillland module to lunar module power was 
made without incident , and a s ubs equent checkout of the lunar module 
batteries showed the voltage levels to be normal . The electrical power 
system was operated for approximat ely 1 . 5  hours on the des cent battery 
low-voltage taps , and the battery bus voltage was stabili zed well above 
27 volts through this entire period . Throughout the activation period, 
the lunar module window shades , which transmitted only a small amount of 
light , were never removed.  The use of floodlights and penlights facili
tated the act ivation and checkout routine . Coiiilllunicati ons between the 
two vehicles were conduct ed by normal voic e  through the tunnel , with the 
Coiiillland Module Pilot often acting as a go-between for coiiilllunications on 
the transferring of articles . Although insulation problems are not an
ticipated, it is recoiiilllended on future flights that the hatch seal and 
dump valve be inspected thoroughly on the initial checkout . 

During the checkout period, a docked landmark tracking training 
exercise was conduct ed . Postflight analysis showed the first landmark 
tracking s ite ( B-1) was missed because the marks were made on an adjacent 
crater. The field of view of the telescope optics is restricted by the 
lunar module structure and the small lunar craters often look alike , 
therefore a wrong target may be selected for marking . Because docked 
landmark acquis ition and tracking against the bright lunar surface back
ground is a most difficult single pilot task ; it is highly recoiiilllended 
that only easily acquired landmarks be s elected . 
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After lunar module closeout prior to the first lunar orbit rest 
period, preparations were made in the command module to stay ahead of 
the lunar module activities on the day of rendezvous . It was also de
cided to change the constant wear garments ,  including biomedical trans
ducers . The Lunar Module Pilot , who had to be ready for operations using 
the portable life support system, donned the liquid cooling garment , and 
this proved to be a time consuming job .  

Although it had been planned to sleep with the probe and drogue 
stowed, a real-time procedural change during lunar module closeout was 
to reinstall them in the tunnel because of their ease of installation . 
The breakfast meal was semi-prepared and all housekeeping functions com
pleted prior to the rest period . It is recommended that all possible 
miscellaneous tasks be accomplished during the initial activation to free 
the timeline for subsequent lunar module activities . 

9 . 9 DESCENT AND RENDEZVOUS 

9 . 9 . 1  Descent Preparation 

On rendezvous day , the crew awakened a half hour prior to the 
scheduled time and commenced immediate removal of the hatch ,  probe,  and 
drogue . The probe was temporarily strapped under the right seat pan, 
and the drogue was placed underneath the probe without restraint . The 
hatch was stowed underneath the left couch and also required no restraint . 
There was no tendency for the drogue or hatch to move from their tempo
rary stowage locations . 

The scheduled lithium hydroxide canister change was performed early 
so it would not interfere with pressure suit donning by the Commander 
and lunar module checkout . When the tunnel was cleared, the Lunar Module 
Pilot proceeded into the lunar module in shirtsleeves . The Commander and 
then the Command Module Pilot donned suits in the command module while 
the Lunar Module Pilot completed that part of the initial checkout that 
did not require assistanc e .  

After about 3 0  minutes , the Commander entered the lunar module , as 
planned, in a suited configuration , attached to the suit hoses and com
munication umbilical , and started the powerup of the environmental sys
tem. The Lunar Module Pilot completed the unsuited operation in the 
lunar module and then returned to the command module to don his suit . 
The Commander , in parallel , continued with the checkout of the lunar 
module . The Lunar Module Pilot , wearing the liquid cooling garment from 
the previous sleep period, donned his suit and reentered the lunar module 
within 10 minutes . The only assistance required for the suit donning was 
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the Command Module Pilot ' s  veri fi cat i on that the zippers were clear and 
some help in closing out the suit . At this time all three crewmen were 
suited,  and the coordinated activities of the lunar module checkout pro
ceede d normally . 

The drogue ins tallation was performed by the Commander and checked 
by the Command Module Pilot . The probe installation was easily performe d 
in accordance with the tunnel checklis t .  The Command Module Pilot was 
completely suited when all 12 docking latches were successfully cocked 
after the probe was pre loade d. Lat ch no . l had to be released with the 
auxili ary release switch , and lat ches 3 ,  4 ,  and 10 , as anti cipate d ,  re
quired only one stroke to cock . After the lat ches were cocked, they 
were visually inspected to insure that each was well clear of the docking 
ring. The lunar module dump valve was confirme d  to be in Aura and the 
hat ch was closed and sealed. The tunnel valve was placed to the tunnel 
vent position and recycled to lunar module /command module differential 
pres sure ; however , there was no indi cati on of tunnel venting . Subse
quently , during postflight inspect ion , it was dis covere d that an improper 
fitting had prevented tunnel venting . Be cause the differential pressure 
across the installed hat ch was only l ps i ,  the command module slipped 
slightly with respect to the lunar module when the service module roll 
thrusters were fired on one occasion . The roll jets were then di s ab led 
to prevent the possibility of further s lippage between the two docking 
rings . 

The crew de cided to talk with the ground at the next Network acqui s
it ion concerning the tunnel venting prob lem . However , to stay ahead of 
the specified timeline , the crew proceeded with certain checkout items 
that did not require Network contact . The lunar module was pressuri zed 
0 . 3  psi higher than the tunnel , and this check verified the integrity of 
the lunar module hat ch and dump valve seal , proving that the tunnel vent 
problem was not caused by a continual oxygen bleed from the lunar module 
to the tunnel . 

The displayed values from the display keyboard during the rate com
mand port ion of the reaction control system checkout were not cons istent 
with those seen in preflight simulations . However ,  flight control person
nel determined that the displayed values were within allowable tolerances 
and a satisfactory re act ion control system was evident when the hot-fire 
tests were completed. 

All pyrotechnic functions were performe d s at is factorily , and each 
could be heard and felt . Landing gear extension was simi lar to that ex
perienced in an aircraft . The general nois e level in the ll.mar module 
was largely produced by the reaction control system (thrusters firing 
with a loud "bang" ) ,  the glycol pump (by far the loudest and the most 
annoying ) ,  and the S-band antenna ( a  grinding noise in both pitch and 
yaw everytime it was moved) . This latter noise could be heard and felt 
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in the command module while docked. The S-band antenna noise was not a 
surpris e ,  s ince it had been observed in the altitude chamber .  The cabin 
fan also produced an additional noise that was found somewhat annoying . 
A single cabin fan was · operated for about 30 minutes during the rende z
vous and did not appear to produce any effective cooling or circulation . 
As in Apollo 9 ,  when the cabin repressurization valve was turned on or 
off , a loud "bang" could be heard in both spacecraft . 

Since the roll thrus ters in the servi ce module had been disabled, 
the required att itudes and deadbands for the ab ort guidance system cali
bration could not be maintained. Cons equently , this check was eliminated 
without subs equent problems . 

9 . 9 . 2 Undocking and Separation 

After undocking and with the lunar module pitched up approximately 
30 degrees , the Command Module Pilot obs erve d the four landi ng gear legs 
to be fully extende d ;  therefore , the 360-degree yaw inspection maneuver 
was eliminated. Command module station keeping was performe d using the 
digital autopilot , and service module reaction control thruster firings 
were minimal . The 2 . 5  ft /sec separation maneuver was completed at the 
specifi ed time . In the separation orbit , recycling of the VHF A
trans ceiver switches showed a full capability in both VHF voice and 
ranging . Postflight analysis has shown that the initial inability to 
transmit from the lunar module resulted from an incorrect checkli st pro
cedure that required the audio circuit breaker to be open during that 
phase . It was also dis covered that the rende zvous radar transponder 
power switch in the command module required recycling to enab le lunar 
module lock-on ( see s ection 15 . 1 . 3 ) .  Once the radar transponder was re
s et ,  acquis ition was immediate , with indicat ions on the tape meter and 
from raw radar dat a availab le on the display keyboard. Correlation be
tween the VHF ranging in the command module and rende zvous radar showed 
the range difference to be within 60 to 120 feet throughout the entire 
ope ration of the two systems . 

Bas ed upon the state ve ctor update received after the separation 
firing , the abort guidance system was updated and aligned to the primary 
guidance system. The target load was also verified. The platform fine
alignment mode was entered and automat ic optics showed that the docked 
alignment received from the command module was s atis factory . The star 
was well within the field of vi ew and within ab out 10 star widths from 
the crosshairs . Through the teles cope , constellations could be seen with 
no difficulty , verifYing the auto-optics designat ion . The only discrep
ancy noted was that the teles cope had a small amount of contamination 
around the crosshairs ( s ee section 15 . 2 . 5 ) . The light intens ity decreased 
within about five star widths of the crosshairs so that stars were lost 



9-12 

on the top s ide of the field of vi ew (see secti on 15 . 2 . 5 ) .  The alignment 
technique practiced i n  the s imulator consisted of marking a star on the 
minus Y axi s and either on the plus or minus X axis , but inflight this 
technique could not be accomplished near the center of the reti cle because 
of the increased control authority of the reaction control system with a 
lighter-weight as cent stage . The alignment progressed sat i sfactorily , 
however , and the primary guidance pulse mode was adequate to maneuver the 
unstaged vehicle . After the landing radar check , the guidance system up
date and alignment were performed 7 minutes prior t o  descent orbit inser
tion to configure the system properly . 

An aut omat ic maneuver was performed by the command and service module 
to permit auto-optics tracking of the lunar module . However , while the 
lunar module was in the equiperi od separat ion orbit , this could not be 
seen in the sextant . Nevertheless , the Command Module Pilot used the tele
scope to ob serve the entire des cent orbit insertion maneuver which appeared 
as a bright orange glow . 

9 . 9 . 3  Des cent Orbit Insertion 

The only system anomaly not ed prior to des cent orbit ins ertion was 
that the descent oxi di zer gage indicated zero ( see section 15 . 2 . 11 ) .  The 
network , however , veri fied nomi nal oxi di zer pressure from telemetry s ources 
and gave a "go" for the des cent orbit ins ert ion . The firi ng was initiated 
on time through the computer .  At ignition , i t  appeared that the chamber 
pressure was slightly greater than 10 percent . At the preflight programmed 
time of ignition plus 15 s econds , the Commander throttled up rapidly to 
40 percent . The engine accelerated smoothly wi th no vibration and the 
att itude errors were minimal throughout the entire maneuver. After a nom
inal firing with no nulling of residuals required ,  immediate plus-Z radar 
lock-on was manually obtained and verified the raw radar data from the 
dat a tape . Approximately 3 . 5  minutes were required to maneuver the lunar 
module and radar antenna for lock-on and range-rate verification . Prior 
to that time , the command module VHF ranging provided adequate data to 
verify the descent orbit ins ertion .  

The lunar module was tracked manually i n  the command module optics 
out to 14 miles . At this dis tance , the auto-optics mode was activated , 
but the lunar module was not optically vis ible and could not be reacqui red 
until radar ranging was initiated at 70 miles . After several VHF mark 
updates , the lunar module appeared in the command module sextant as a 
bright star against the lunar surface . Optics marks were then made until 
the lunar module image dis appeare d agains t the bright lunar surface at a 
range of about 125 miles . 
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Radar tracking of the command module was facilitated by the abort 
guidance system acqui s ition steering mode . The ab ort gui dance attitude 
error needles , plus the preflight planned inert i al and orbital rate 
angles , were us ed to manually place the lunar module plus-Z axis along 
the line of sight to the command module . In every ins tance , the abort 
guidance system bores ighted the lunar module on the command module s o  
that radar acqui s ition , either manual o r  automati c  us i ng the computer , 
was immediate . 

Prior t o  phasing , the landing radar was act ivat ed and immediately 
locked onto the lunar surface . The spacecraft plus-Z axis was pitched 
down to zero degrees at the t ime specifi ed by the flight plan . One min
ute prior to pas sage over the landing s ite , the dire ct control mode was 
used to pitch the lunar module with the plus-Z axis at 30 degrees below 
the local hori zontal . The lunar surface was photographed with both the 
l6-mm and 70-mm cameras . The 70-mm camera began to malfunct ion after 
pass ing pericynthion and finally failed over the landing s ite . However ,  
at least two s equences were made i n  proximity to Apollo Landing Site 2 .  

9 . 9 . 4  Phas ing 

After pass ing Landing Site 2 ,  the lunar module was pitched down to 
the predetermined i nert ial att itude for the phas i ng maneuver .  The appro
priate computer programs were s elect e d ,  and an automati c  maneuver was 
made to the proper phasing att i tude . Thi s  maneuver required les s  than 
5 degrees travel from the preflight estimat e d  att itude . 

Prior to phasing , the as cent b atteries were connnected without i nci
dent . Unlike the descent orbit ins ert ion maneuver ,  the phas ing maneuve r 
was a descent engine firi ng and could require a s taging sequence to an 
ab ort . Preflight planning for as cent and des cent engine firings required 
that i nverter no . l circuit breaker should be clos ed , a configuration 
that provi ded for a s i ngle switch actuation to return ac power to b oth 
bus es .  

The landing radar tes t and the pas s acros s Landing Site 2 proceeded 
without inc ident , except that subsequent traj e ctory analysis reveale d 
the ground track to be about 5 miles south of the landing s ite . The 7-
minute update and alignment of the primary and ab ort guidance systems , 
targeting abort guidance for an external delt a V ,  and entering the thrust 
program were performed nomi nally , with ample t ime for checkli s t  verifi ca
tion and mi ssion rules review . The external delt a V s teering used prior 
to firings did not free ze the reference vector by cycling from zero t o  
one , as had been not ed i n  Apollo 9 .  
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The phasing maneuver was initiated by the computer ,  and the propel
lant settling firing was initiated on time for a proper ignition sequence . 
The engine started smoothly , and no attitude error deviations were noted. 
However ,  during the initial 26 seconds at 10-percent thrust , a caution
and-warning master alarm was initiated by the des cent propulsion low
level quantity warning light ( s ee section 15 . 2 . 2 ) . The master caution 
light was res et but was illuminated a few seconds later with a correspond
ing des cent engine gimbal light.  This anomaly was anticipated on this 
spacecraft and indicated a pos sible gimbal brake s lippage (see section 
15 . 2 . 2 ) .  The attitude errors remained zero ; therefore , the engine gim
bal was not disabled. After automat i c  engine throttle-up to 100 percent 
at 26 seconds , the master alarm for the des cent propuls ion low-level 
quantity again came on . The throttle from the 10 percent to 100 percent 
was smooth and rapid. There were no noti ceable vibrations or chugging 
in the engine . Guidance was excellent , and engine shutdown occurred on 
time with nominal residuals . 

VHF communications between the command module and lunar module were 
lost approximately 5 minutes prior to the phasing maneuver and were not 
restored until after the maneuver was completed. However ,  the command 
module was able to monitor phasing operations by a communications relay 
from S-band ground stations . Both spacecraft attitudes and antenna selec
tions should be precis ely planned for all lunar module maneuvers , includ
ing lift-off from the lunar surface . Loss of VHF communications was prob
ably caused by VHF antenna selection in the lunar module . This potential 
problem should be investigated and simulated in the integrated training 
for the next flight. 

Following the phasing maneuver , the command module tracked the lunar 
module according to a preflight marking s chedule . The initial VHF ranging 
indicated a velocity of 21 ft/sec ab ove that expected by the Command Mod
ule Pilot . This was not an anomalous condition and s ince subsequent op
tics marks produced a similar velocity change , the VHF marks were accepted. 
Thereafter , the range and velocity increment changes steadily decreased 
until they were les s  than the display threshold values of 2000 feet and 
2 ft/sec , respectively . The lunar module was tracked optically from the 
command module at night at distances exceeding 230 miles , and in daylight 
at about 275 miles . VHF ranging marks were taken out to about 275 miles , 
but ranges to 320 miles were observed.  The VHF ranging system lost lock 
when VHF communications were interrupted prior to the phasing and inser
tion maneuvers , and Slso during periods of lunar and command module atti
tude changes . Resetting the VHF ranging system , even though the lunar 
module was using a live microphone , produced valid acquis itions in every 
cas e .  However ,  in two cases VHF ranging reset produced a half-range value 
on the entry monitor system display . In both instances , correct ranges 
were noted when the VHF-reset switch was recycled.  One surprising char
acteristic during optical tracking of the lunar module is that the image 
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through the lunar-landmark line-of-sight optics was at times superimposed 
in the sextant with a red hue when the lunar module was above the lunar 
horizon . 

Following the phas ing firing , radar track was initiated manually , 
and errors of 4 and 5 digit magnitude were noted during the first mark 
sequence .  This mark was rej ected , and the second mark showed near
nominal range and velocity values . This unexpected indication occurred 
repeatedly upon initiating navigation or weighting matrix initializations 
( see section 8 . 6 ) . In most every instance ,  maneuver to the proper track 
attitude was completed manually ; however , rendezvous navigation in the 
automatic mode performed was also satisfactorily several times . 

Prior to the insertion maneuver , command module control was per
formed primarily either with the digital autopilot in wide deadband at 
rates of 0 . 2  or 0 . 5  deg/sec or with the pulse mode of the stabilization 
and control system. With the wide deadband mode, additional pilot atten
tion to spacecraft roll was required to maintain the preflight angles for 
nominal high-gain antenna acquis ition and lockon and still provide the 
proper line-of-s ight coverage for the rendezvous radar transponder . 

9 . 9 . 5  Staging and Insertion 

The far side of the moon could not be photographed as planned from 
an altitude near 200 miles because of the 70-mm camera failure . At 
40 minutes prior to insertion, the ascent batteries were placed on the 
line . Descent batteries 1 and 3 were removed from the buses at that 
time , and batteries 2 and 4 were disconnected at insertion minus 25  min
utes . Ascent stage power was used for the remainder of the miss ion . 

Helmets and gloves were donned for staging , which was scheduled 
10 minutes prior to insertion . While in the abort guidance system pulse 
mode , the digital autopilot was reset for the lightweight ascent stage . 
Preflight planning required that the abort guidance control mode be used 
for staging and that , at 2 minutes before staging , the mode control switch 
be placed in ATTITUDE HOLD and the attitude switches in MODE CONTROL . At 
staging minus 28 seconds , the spacecraft started to "wallow" off slowly 
in yaw and then stopped after a few seconds . A rate gyro discrepancy was 
suspected, and following a correction with the attitude controller , the 
spacecraft returned to near the original staging attitude ( see section 
15 . 2 . 14) . 

At approximately 5 seconds before staging, the spacecraft started 
a motion that was characterized by a rapid roll rate accompanied by small 
yaw and pitch rates . The vehicle was staged with the planned velocity 
change of approximately 2 ft/sec . An attempt was made us ing the direct 
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coils of the reaction control thrusters to pitch the vehicle to avoid 
gimbal lock and to damp the resulting rates ( see section 15 . 2 . 14 ) . Space
craft motion stopped in approximately 8 seconds . The gimbal-lock light 
came on , but a quick inspection revealed that the platform had not per
formed a coarse alignment and was therefore stable ,  indicating satisfac
tory operation of the primary guidance system. 

The guidance control switch was placed in primary guidance mode ,  
and the pulse configuration was us ed to maneuver the spacecraft to the 
ins ertion attitude . The abort guidance system was confirmed to be oper
ating satis factorily if required for the ins ertion maneuver . 

Approximately 20 minutes before the ins ertion maneuver , the command 
module maneuvered to the backup insertion firing attitude to be prepared 
for a mirror-image maneuver , i f  required . The attitude maneuver was per
formed with the autopilot in tight deadband and a 0 . 5  deg/sec rate ; this 
would be the primary control mode until after docking .  In this mode , 
spacecraft roll was maintained at 0 to 180 degrees to provide a gross in
dication of any out-of-plane rendezvous errors , satis factory positioning 
of the radar transponder pattern , and satis factory high-gain antenna 
angles . 

Ascent engine ignition was accompanied by an immediate acceleration 
to the full thrust level . The engine could not be heard, but small vi 
brations could easily be  felt . The reaction control thrusters however , 
produced a low amplitude noise that the crewmen could hear even with 
helmets on . Immediately after ignition , the lunar module began to wallow 
around the thrust vector axis . The motion was noticeable visually out 
the window , as well as on the attitude indicators , and the attitude ex
cursions were as high as 2 degrees . The ins ertion firing following ascent 
from the surface for a lightweight vehicle may produce oscillations more 
rapid than those seen on this short insertion firing with a heavier-than
normal stage . The post-insertion platform alignment , was planned to in
corporate only three pairs of star marks because of the time constraint 
induced by the requirement for backup radar data at the coelliptic se
quence initiation maneuver . This alignment was performed with excellent 
results . However ,  with a light ascent stage , approximately four times 
the authority in the primary guidance pulse mode exists than is required 
for those alignment maneuvers . An ascent stage with fully depleted pro
pellant tanks will produce even higher rates and could result in a very 
difficult control task. It is recommended that the s imulators be made 
as realistic as possible for the lightweight ascent configuration so that 
this problem can be  fully appreciated during training . 

It became evident that the recording of backup marks for all lunar 
module rendezvous maneuvers interfered with the nominal timeline . It 
is suggested that thes e marks be taken for failure modes of operation 
only and not for a comparison evaluation of normal closed-loop guidance 



9-17 

operation; otherwise ,  backup mark information could interfere with normal 
operations and result in a net degradation of effectiveness .  

Following the insertion maneuver , the command module maneuvered to 
the track attitude . Preflight rendezvous procedures were followed ex
cept that at 12 minutes prior to the coellipt ic sequence initiation ma
neuver , the command module was maneuvered to its backup attitude . 

9 .9 . 6 Rendezvous 

Although no out-of-plane solutions were actually executed during 
the rendezvous sequence until terminal phase initiation , the solutions 
from both vehicles agreed very favorably . The maximum out-of-plane ve
locity correction calculated was 6 . 5  ft/s ec , but all solutions were 
ignored because there was no apparent yaw in tracking by either space
craft . The coelliptic sequence initiation maneuver was performed using 
plus-X reaction control thrust with the asc ent interconnect lines open . 
The only surprise was that the valve position indicators did not properly 
indicate valve position until the switch was released to the neutral po
s ition . 

Following coelliptic sequence initiation, the command module was 
automatically maneuvered to the track attitude , and after three sextant 
marks , the weighting matrix was initialized to 2000 ft and 2 ft/s ec . 
It was reinitialized after the plane change was cancelled . Optical and 
VHF track marking during this period was nominal . Prior to the constant 
differential height maneuver , the command module was rolled 180 degrees 
to reacquire the network . The backup constant differential height atti
tude was maintained at the attitude used to track the maneuver , because 
the firing was brief and a time-consuming attitude change would have been 
necessary.  Following the constant differential height maneuver ,  approxi
mately six VHF range marks were made in the command module before optical 
mark taking could be resumed after the sunset . 

All lunar module pre-thrust calculated maneuvers through the final 
midcourse correction agreed very clos ely (within 1 ft/sec ) with those 
of the command module . A comparison of radar signal strength and actual 
range agreed closely with the preflight predicted values , and there was 
no evidenc e of any tendency for s ide-lobe lock-on or abnormal radar-angle 
bias . 

During all reaction control maneuvers ,  the thrusters could be heard 
upon initial activation and throughout their firing cycle . Minus-Z axis 
automatic tracking proved to be too sensitive for the vehicle weight and 
deadband used. However , it performed well throughout the rendezvous . A 
wide deadband or pulse mode could be used during the Z axis rendezvous 
radar track with a resultant fuel saving. 
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After 5 minutes before terminal phas e initiation ,  the command module 
was oriented to the backup maneuver attitude . The normal maneuver time 
was delayed in real time to allow the lunar module to take a final radar 
backup mark with satisfactory range rate transponder s ignal strength . 
Two minutes prior to terminal phas e initiation ,  the command module was in 
the proper attitude to make the backup maneuver . However, obtaining 
backup radar data this close to the time a maneuver might be required, 
unnecessarily delays maneuver preparation . Therefore , the backup radar 
marks should be deleted when the two vehicles cons istently have satis
factory guidance solutions . Terminal phase initiation was performed 
nominally and with very small res iduals . After the second midcours e cor
rection, the lunar module guidance computer was activated to provide raw 
range and range rate data on the display keyboard to support the braking 
phase .  

9 .9 . 7 Braking and Docking 

The first braking gate at l mile was cross ed with a range rate of 
32 ft/s ec , and no retarding impulse was applied. The first actual brak
ing was accomplished at the 0 . 5-mile range , with the range rate being re
duced to 20 ft/sec . The handling characteristics of the lightweight 
vehicle during the braking were slightly more s ensitive than those ex-
perienced in the s imulator . Oscillations were evident , and thruster ,� 
firings were noticeably more frequent than during the simulations . Sta-
tion keeping was commenced at approximately 20 feet , followed by a com-
bined 90-degree pitch and 60-degree yaw maneuver to align the two vehicles 
for docking . At this time , the Command Module Pilot gave directions for 
small lunar module maneuvers to place the two vehicles in the final atti-
tude for docking . The lunar module was then placed in abort guidance 
attitude hold and minimum deadband, and the command module became the ac-
tive vehicle for docking . 

9 . 9 .8 Docking and Lunar Module Jettison 

Docking was performed with the command module in autopilot control, 
and minimal thruster firing was required . The alignment sight reticle 
washed out because of reflected sunlight from the lunar module at dis
tances between 25 and 10 feet . Docking could be done using only the 
plus-X thrusters of the lunar module to insure capture . There were no 
s ignificant post-contact dynamics and no apparent interface attitude 
changes . Completion of the retraction sequence was characterized by 
the reassuring sound of the automatic latches retracting . 

The command module autopilot was then reconfigured in the ascent
stage-only mode . The tunnel was pressuri zed rapidly from the command 
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module ,  and the command module forward hatch was removed and stowed under
neath the couch . The probe and drogue were also removed without any 
problems . The probe head and the upper damping arm structures were quite 
warm to the touch ( estimated 110° to 120° F) . Equipment was then trans
ferred both ways in preparation for lunar module j ettison . It is recom
mended that preparation for lunar module j ettison be accomplished by only 
one crewman located in the lunar module . The crewmen with suits and hoses 
continually interfere with each other during this activity , a problem that 
was readily apparent during restowage of lunar module equipment for final 
jettison . 

The probe and drogue were easily stowed with restraining cables in 
the left-hand side of the crew station . The debris , such as used food con
tainers and other disposable items , that had collected in the command 
module over the 4-day period was stowed in the hatch stowage bag and se
cured in the lunar module at the right-hand crew station . 

The reconfiguration and the ascent firing to propellant depletion was 
completed as planned. While the lunar module was being prepared for j et
tison ,  the command module was maneuvered to the separation attitude . Again, 
the tunnel could not be vented; therefore , the command module was pressur
ized with the repressurization tank to approximately 5 . 4  psia to insure 
tunnel-hatch integrity . The lunar module was separated after verification 
that the S-band steerable antenna was locked onto earth . The velocity im
parted to the command module at separation was approximately 0 . 3  ft/sec , 
and it appeared that the lunar module received a velocity in excess of 
5 ft/sec . Sequence films were made of separation, but after approximately 
13 frames the lunar module disappeared into the sunlight and was only seen 
momentarily during the depletion firing . 

The lunar module final separation sequence imparted the largest ve
locity change and was accompanied by the loudest audible pyrotechnic cue 
during the flight . It is recommended that crewmen be suited with helmets 
and gloves for this separation function . The crew then maneuvered the 
spacecraft to a new sleep attitude for passive thermal control . 

9 .10 LUNAR LANDMARK TRACKING 

The planned activity for the final day in lunar orbit included lunar 
surface photography from terminator to terminator and lunar landmark track
ing. The spacecraft was pitching at the orbital rate , but roll was 180 de
grees from the planned attitude , which was established to minimize solar 
reflection on the window . However , it appears there was n.o degradation to 
lunar surface photography from reflected sunlight . 
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Landmark tracking was performed on four landmarks each revolution 
for four cons ecutive revolutions . This activity required close coordi
nation between the Commander , Command Module Pilot , and the Network . 
Upon completion of each tracking revolution , a pitch maneuver to a pre
determined attitude was made for platform realignment . At a time deter
mined by the ground , orbital rate in pitch was established with the space
craft plus-X axis at the landmark tracking attitude . 

Landmark tracking and marking were relatively easy tasks . As usual, 
landmark acquis ition was the most difficult task .  For example , landmarks 
near the subsolar point were washed out in the sextant , and only the tele
scope could be used to track thes e sites . When the s extant was used, all 
marks were most easily made on small craters about 120 to 140 feet in 
diameter . 

Earlier in the day , the fuel cell l pump package had failed, and the 
pump circuit breaker could not be res et . Fuel cell l was then open cir
cuited and not placed back on the line until 1 . 5  hours prior to the trans
earth insertion ( and also was used two subsequent times prior to entry ) . 
The performance of this fuel cell when on line was very nominal except 
that it required a half-hour for the fuel c ell to share a balanced load 
with the other two . When fuel cell l was placed on line, the fuel cell 
bus disc onnect and master alarm lights came on . A master alarm is ex
pected when pass ing through the center pos ition of the fuel cell switch 
as a ground is available to the caution and warning circuit which trig
gers the master alarm. 

Just after loss of s ignal during the thirtieth revolution, the fuel 
cell 2 caution and warning light illuminated during systems checks . The 
condenser exhaust temperature was found to be cycling between high and 
low limits at approximately 2 cycles per minute . The lower limit of the 
cycle frequently activated the condenser-exhaust master-alarm warning 
light . The temperature cycling of fuel cell 2 condenser exhaust continued 
throughout the lunar-orbit phase when on the dark s ide, but would damp out 
somewhat on the sunlit side . Following transearth injection , the fuel 
cell 2 condenser-exhaust temperature ceased to cyc le , and performance was 
nominal ( see section 1 5 . 1 . 21 ) . 

After completion of initial landmark tracking , a short crew rest 
period ensued, followed by another revolution of landmark tracking on 
two different landmarks . During the next revolution , a s eries of photo
graphs were taken, including oblique shots of Landing Site 3 .  The space
craft was then maneuvered to the platform realignment and transearth 
inj ection attitudes . 
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9 . 11 TRANSEARTH INJECTION 

Service propulsion syst em checks were normal , and the trans earth 
inj ection maneuver was commenc ed on time . The maneuver was nominal in 
all respect s ,  except that the spacecraft exhib ited the same roll-deadband 
osc illations exhibited during lunar orbit insertion . The pitch and yaw 
rates were nearly zero for the entire maneuver , and velocity res iduals 
were only 0 . 3 ,  1 . 6  and 0 . 2  ft/s ec in the X ,  Y ,  and Z axes , respectively . 
The 0 . 3  ft/sec residual was nulled to 0 . 2  ft /s ec . Fuel remaining was 
6 . 7  percent , and oxidiz er remaining was 9 . 2  percent ; the oxidizer un
balance indicator was "pegged" at high increase ,  indicating an unbalanc e 
of more than 600 pounds ( s ee s ection 7 . 8 ) . The spacecraft was then ma
neuvered to an attitude in preparat ion for high-gain antenna acquisition , 
as well as lunar television coverage and documentary . Upon completion of 
the televis ion transmiss ions , the pass ive thermal control mode was initi
ated , and the crew rest period began . 

9 . 12 TRANS EARTH COAST 

Following the crew rest per io d ,  star/lunar-landmark sightings were 
initiated using four small lunar c raters , each readily acquired because 
of their proximity to the large crater Mes s ier A .  This tracking mode 
is rec ommended for earth-return navigation in the event that communica
tions are lost , s ince it is a much eas ier task than star/lunar-ho�i zon 
measurements .  Star/earth-landmark s i ghtings would also b e  very easy for 
cloud-free earth landmarks . 

After a televis ion transmi s s ion, the spacecraft was reestablished 
in the pass ive thermal control mode for the s econd crew rest period . It 
was noticed that the spacecraft appeared to be more stable in this c on
trol mode with the lighter weight ( approximately 27 000 pounds ) than it 
had been in the docked configuration with a wei ght of nearly 96 000 pounds . 

During the trans earth coast phase ,  one safety razor and a tub e  of 
brushless shave cream, stowed in the crew ' s  personal preference kit , were 
us ed for the first t ime during a space flight . The process of shaving 
was relatively easy and no problems were evident . The shave cream re
tained all whiskers , and no free particles were noted . 

Following the sleep period and breakfast , guidanc e platform was re
aligned , and four di fferent groups of midcours e-navigation star/earth
horizon measurements were made . Thes e measurements were to determine if 
the constraints on the proximity of stars t o  the intersection of the earth 
t erminator and the horizon c ould be relieved thus providing more optimum 
star measurement s ets for future miss ions in the event of a c ommunications 
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loss . The navigation technique of making star/horizon measurements was 
found to be unaffected by the proximity of the des ignated stars to the 
terminator . Although the star measurements were not made on optimally 
located star groups , the navigation program was selected and compared to 
ground-computed midcourse data . The onboard midcourse correction solu
tions agreed clos ely with those completed by the ground . 

Because of the incredible accuracy in executing the trans earth in
jection maneuver, no midcourse corrections were actually required to 
reach the entry corridor . A very small correction was made 3 hours be
fore entry to position the spacecraft in the center of the corridor , but 
entry and landing at the des ignated location could have been accomplished 
without this correction . 

Sinc e command module reaction control thruster temperatures on the 
systems test meter were well above the minimum required for pre-entry 
heating, use of the thruster valve heating technique was not required . 
During the rather uneventful 2 days of transearth coast ,  cons iderable 
time was spent in study of the procedures for entry ; postlanding stabili
zation , ventilation , and communications ; stable I and stable II egress ; 
stable II uprighting; and all associated emergency conditions . It is 
recommended that during all phases of a lunar flight speci fic time be 
provided for the crew to review procedures prior to critical events . 

9 .13 ENTRY AND LANDING 

9 . 13 . 1  Entry Preparation 

The crew awoke approximately one half hour prior to the planned 
entry preparation period. Reentry stowage was completed according to 
the checklis t ,  except the Command Module Pilot ' s  suit was stowed under 
the right sleeping bag , which was lashed to the floor . The lithium hy
droxide canister from the lunar module was stowed in the lower end of 
the right sleeping bag . The spacecraft preliminary stowage was completed 
with no problems 6 hours prior to reentry . 

The VHF-transmitter was activated on time , but due to the extreme 
range , the communications were not readable until just prior to entry . 
The platform was realigned to the entry reference data , and all entry 
systems checks were nominal . However, the computer self-check and the 
display keyboard light test were not performed .  A midcourse maneuver o f  
1 . 6  ft/sec was performed on time , and res iduals were nulled t o  zero . The 
ground reported the spacecraft was in the entry corridor at a 6 . 52-degree 
entry angle . Because it had dried out after previously being switched 
for 2 minutes , the primary water evaporator was reserviced for 3 minutes . 
When activated for entry, the primary evaporator operated properly to 
below 90 000 feet . 
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The spacecraft was then maneuvered to the entry attitude and the 
entry s extant star check was performed . Final platform reali gnment was 
completed with the gyro torquing angles all less than 0 . 005 of a degree . 
Final entry checks and procedures were completed well ahead of the flight 
plan for all functions not dependent on time . The entry monitoring sys
tem test pattern checked out satis factorily , but when the system was 
slewed to the first non-exit pattern, it scrib ed for 5 inches and then 
ceased scribing ( see s ection 15 . 1 . 12 ) . After the scroll was rotated 
backwards , it again started to scrib e .  The changes required in the sys
tems test panel configuration were completed 50 minutes prior to entry . 
The secondary water boiler was activated and also operated nominally to 
below 90 000 feet . The crew strapped into the couches very t ightly at 
approximately 40 minutes prior to entry , and all crewmembers noticed the 
physiological sensation of being back at one-g because of the distinct 
pressure points . All final pyrotechnic and circuit-breaker checks were 
normal . 

The command module reaction control pres sure system was activated, 
and the pressure could be heard "gurgling" through the lines . An audible 
noise indicated both rings of the command module reaction control system 
were hot fired satisfactorily . At this t ime, the command module was ma
neuvered to the separation attitude . 

At earth sunset , the final gross check of platform attitudes was 
made by positioning the horizon on the 31 . 7-degree line in the right 
rendezvous window . It is recommended that the continual platform drift 
check, accomplished by tracking the horizon after command and s ervice 
module separation , be deleted because of the impracticality of s ighting 
the night hori zon . A satis factory check can be made by comparing the 
gyro display coupler attitudes with those of the platform. It is im
portant to maintain entry attitude so that computer performanc e can also 
be monitored . 

The s eparation checklist proc edures were performed on time , and the 
only change was that fuel c ell 1, which had already been open-circuited, 
was left off line . The pyrotechnic firing was very loud at command and 
service JIX)dule s eparation . The command module s eparation impuls e  was in 
excess of 0 . 5g ,  because the entry JIX)nitoring system, which had been ad
vertently left in the delta V and normal configuration, started operating . 
The entry monitoring system was immediately res et to the next non-exit 
pattern and was reinitiali zed .  

9 .1 3 . 2  Entry 

The initial computer entry program was selected and onboard computer 
displays of maximum acceleration , entry time inertial velocity , and entry 
angle agreed closely with data computed on the ground . A running commen
tary provided the network with the current status of onboard checks . After 
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separation ,  reaction control ring B was isolated , and the pulse-control 
mode was used to maneuver the spacecraft in yaw back to the proper entry 
attitude . 

Approximately 15 seconds prior to reaching 0 .05g ,  a brilliant white 
plasma flow outs ide the spacecraft made entry a completely "IFR" event , 
and the cabin lights were turned full bright . The pitch attitude error 
check at 0 .05g was satis factory , and the entry monitoring system com
menced functioning on time . At O . lg ,  spacecraft control was switched from 
manual to the digital autopilot . The g-meter operated normally , and the 
primary guidance system commanded fUll lift-up through the period of peak 
acceleration ( 6 . 8g) . At approximately 5 . 8g under automatic control , the 
spacecraft commenced a roll to 90 degrees . At 5 . 3g ,  the spacecraft was 
commanded to a roll attitude of 180 degrees , or lift-down . There was no 
evidenc e that spacecraft roll performance was sluggish, and the space
craft roll to 180 degrees was accomplished without violating any entry 
monitoring system tangency lines . 

There appeared to be a slight acceleration overshoot of approximately 
2 . 8g on the entry monitoring system, even though the spacecraft was main
taining full lift-down after reading an acceleration of 5g . At approxi
mately 2 minutes 8 seconds after entry, the system-indicated velocity was 
subcircular . All display performanc e during entry was nominal . When the 
downrange error decreas ed to minus 9 miles on the display keyboard, a 
roll error was indicated on the attitude displays and the autopilot began 
correcting for crossrange error . Crossrange corrections continued to be 
made throughout the remainder of the entry . When the final entry display 
appeared, the total error was 0 .9 mile and the target latitude and longi
tude in the computer were coincident with the pad target data . Through
out entry, scribe indications of the entry monit or system agreed closely 
with the acceleration meter indications . The range potential and range
to-go from this system were also typical of the nominal values simulated 
before flight . At a displayed velocity of 4000 ft /sec , the range-to-go 
was approximately 21 miles and the scroll range potential on the scroll 
appeared to be about 20 miles . 

After exiting blackout , S-band communications were attempted but 
were generally unsucces s fUl . However,  crew observations of spacecraft 
performance were transmitted to the Miss ion Control Center until the 
spacecraft was below 100 000 feet . 

9 .13 . 3  Parachute Deployment 

As the spacecraft desc ended through the 90 000-foot level , the water
evaporator steam pressure increased very slowly to the maximum indicator 
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value of 0 .25  ps i .  The estimate of 60 000 feet , bas ed upon the water 
boiler being at the full increase position at 90 000 feet was approxi
mately l5 seconds after the actual 60 000-feet mark on the altimeter . 
Nevertheless , this backup altimeter-time method of predicting drogue and 
main parachute deploy times appeared satisfactory . The pyrotechnic de
vices were rearmed at 50 000 feet and the drogues were deployed automatic
ally . During drogue reefing , there were some momentary and moderately 
violent spacecraft oscillations which damped very rapidly when the drogues 
disreefed. The time between drogue and main parachute deployment appeared 
to pass very rapidly . When the main parachutes deployed and disreefed, 
the physiological effect was a pleasant series of soft cushioned j olts . 

The pressure relief valves were not placed in the entry position 
until 24 000 feet . Air inflow through the cabin pressure relief valve 
was satisfactory, s ince the cabin-pressure indicator showed a normal rise . 
At approximately 8000 feet on the cabin altimeter , both cabin pressure 
relief valves were clos ed. Reaction control propellant was dumped with 
an audible firing nois e .  All thrusters were fired out completely in an 
estimated incremental altitude of 2500 feet . The reaction control purge 
was initiated and was characterized by a very loud "swishing" sound. An 
exhaust plume observed out the right side window was approximately 6 feet 
long and 3 feet across at its widest point . When the purge was completed, 
a flame was seen out of the right-hand window , and it progressed to the 
upper edge of the window . The flame persisted for approximately l minute 
and burned out prior to landing. The reaction control systems were then 
isolated, and the cabin pressure relief valves were opened . There was no 
noticeable smell of any cabin air contamination as the outside air flowed 
into the spacecraft . Postlanding bus power trans fer was normal . Follow
ing main parachute deployment , a recovery helicopter was contacted on VHF, 
and the spacecraft position was reported. Radio contact was maintained 
continuously following main parachute deployment . Between 3000 and 
4000 feet , recovery helicopters commenced flying formation with the space
craft until it landed.  

9 .l3 . 4  Landing 

The spacecraft landed softly and remained in the stable I attitude . 
The main parachute release circuit breakers and switch were activated im
mediately , and the main parachutes fell into the water near the spacecraft . 
The cabin environment was very comfortable after landing ; consequently , 
the postlanding ventilation system was not activated.  Appropriate circuit 
breakers were opened and swit ches turned off , and the spacecraft was pow
ered down . The hatch was opened against a slightly negative pressure . 
Crew ingress into the li fe raft , recovery by the helicopter , and trans fer 
to the recovery ship were completed without incident within a short time 
after landing . 
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10 . 0  BIOMEDICAL EVALUATION 

This section is a summary of Apollo 10 medical findings and anomalies ,  
based on a preliminary analysis of biomedical data . A more comprehensive 
evaluation will be published in a supplemental report . 

During this mission , the three crewmen accumulated 576 man-hours of 
space flight experience . The general condition of the crewmen was excel
lent , and no inflight illnesses were experienced. The crew participated 
in a series of special medical studies designed to as sess changes inci
dent to space flight . In general , the physiological changes observed af
ter the mission were consistent with those observed after previous flights . 

10 . 1  PHYSIOLOGICAL DATA 

The total times of telemetered electrocardiogram and impedance
pneumogram data were 90 hours for the Commander , 103 hours for the Com
mand Module Pilot , and 89 hours for the Lunar Module Pilot . Descriptive 
statistics for heart rates are shown in table 10-I . The Command Module 
Pilot ' s  heart rate ranged from 55 to 85 beats /min during normal activi
ties and showed less variation than the rates of the other two crewmen . 
The heart rates of the Commander and the Lunar Module Pilot ranged from 
57 to 93 and from 49 to 91 beat s /min , respectively , during normal activi
ties . The variations observed in the heart rate data are normal . Al
though the heart rates were elevated , as expected,  during critical mis
sion phases , these rates rapidly returned to their respective baselines 
after phase termination .  

10 . 2  MEDICAL OBSERVATIONS 

10 . 2 . 1  Weightlessness and Intravehicular Activity 

Following orbital insertion , the characteristic feelings of fullness 
of the head were reported by the Commander , the Lunar Module Pilot , and 
the Command Module Pilot to have lasted for approximately 8 ,  24 , and 12 
hours , respectively. 

There were no symptoms of dizziness ,  spacial disorientation , or 
acute nausea; however , the Lunar Module Pilot experienced some mild ves
tibular disturbance , or sensitivity to motion , during the first 2 days 
of the mission .  Consequently , he limited his movements to avoid possible 
nausea and vomiting. Prior to flight , it had been recommended that each 
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crewman perform a total of 2 hours of cardinal head movements as a pos
sible aid in adapting to weightlessness .  On the first and second days , 
the Lunar Module Pilot practiced these movements but reached the point 
of nausea within 2 minutes . After becoming acclimated to weightlessnes s ,  
he again performed the head movements on the s eventh dey , but after about 
5 minutes , he again approached the point of nausea. 

10 . 2 . 2  Fiber Glass Contaminati on 

The H-film insulat ion near the command module hatch vent detached 
when the tunnel was pressuri zed, and fiber glass insulation underneath 
this film was blown into the docking tunnel (see s·ection 15 . 1 . 18 ) .  When 
the hatch was opened , the fluffy insulation material permeated the atmos 
phere of the command module . Als o ,  when the lunar module was pressuri zed 
through the command module hatch vent, a large amount of fiber glas s in
sulat ion from the hatch was blown into the lunar module . Pi eces of the 
insulation material ranged from 2 inches in diameter to dust-parti cle 
size . Wet paper tissues and utility towels were used to collect part of 
the loose insulation mat erial . Most of the remaining material was col
lected in the filters of the envirollll!ental contr-ol system:s . Small parti
cles of fiber glas s  were still present in the command module cabin atmos
phere at recovery . Fiber glass insulation is  a skin and mU.cous membrane 
irritant and caused the crew to be uncomfort able inflight . The effects 
on the crew consisted of some s cratchy throats , coughing , nasal stuffi
ness , mild eye irritat i on ,  and some skin rash . The nas al stuffiness 
cleared in about 5 da;ys , and the eye irritation was relieved by using 
water rinses and eye drops . 

10 . 2 . 3  Crew Status Reports 

The integrated radiat ion dose received, the estimated quantity and 
quality of s leep , and the inflight medications used by the crew were 
reported on a daily b as is . 

The crew reported taking the following medi cations : 

Commander . . • . . 2 aspirin 
4 Lomoti l  
l Acti fed 

Command Module Pilot 2 aspirin 
3 Lomoti l  

Lunar Module Pilot 6 aspirin 
3 Lomoti l  
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The crewmen took Lomot il to dimi nish the abdominal rumblings caus ed 
by the inge stion of hydrogen gas pre s ent in the potable water , s ince they 
were concerned that di arrhea might develop . The us e of Lomotil , however , 
was not me dically indicated ; the drug decreases the propuls ive activity 
of the lower intes tinal tract and reduces the amount of gas that can be 
expelled. 

Wat er consurr�tion duri ng the first 36 hours was reported to have 
been 3 pounds per man per dey . The crew then began to consume more fruit 
j ui ces and wet-pack foods , as well as attempt to i ncrease their water in
take . 

The personal radiation dosimeters provided an onboard reading of 
the tot al integrated radiat i on dos e  received by each crewman . This 
dose was 470 millirads for the fligh t .  Three passive dos imeters con
taining thermolumi nescent powders were als o carri ed by each crewman to 
measure the total radi at ion at chest , thigh , and ankle locations . The 
following readings , all well below the threshold of biological damage , 
were obtai ned after the flight . 

Total dose , millirads 

Chest Thigh Ankle 

Commander 410 386 460 

Command Module Pilot 560 465 550 

Lunar Module Pilot 470 455 450 

The Van Allen belt dosimeter provided a telemetered measurement of 
the rates of ioni zing radiation ins i de the command module . During as ce nt 
through the belt s , the maximum radiation rates measured were 3 . 63 rad/hr 
for a skin dos e  and 2 . 09 rad/hr for a depth dos e .  The maximum rates dur
ing the return to earth were 0 . 21 rad/hr for skin dos e  and 0 .16 rad/hr 
for depth dos e .  

The total ab sorbed radiat i on dose for each crewman was approximat ely 
0 . 5  rad , well below the me di c ally signifi cant threshold. Results of 
radio-chemical as s ey s  of feces and ur i ne and an analy sis of onboard nu
clear emuls ion dosimeters will be presented in the supplemental medi cal 
report . 

10 . 2 . 4  Work/Re st Cycles 

The three crewmen were s cheduled to s le ep s imult aneously , and i n  
general , they slept very well during the nine peri ods . Estimates of the 
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quality and quantity of sleep were based entirely on subjective reporting 
by the crew . In postflight debriefings , the Commander commented that the 
sleep stations and sleeping bags were s atisfactory . 

10 . 2 . 5  Inflight Exercise 

As in previous Apollo missions , inflight exercise was solely for 
assistance in crew relaxation , and a calibrated exercise program was not 
planned. Isometric exercises were performed during the translunar coast . 
The inflight exerciser functioned well . 

10 . 3  FOOD 

As for previous missions , each crewman was provided with a 4-day 
supply of flight food prior to launch for evaluation and menu selection . 
The flight menus provided approximately 2100 kilocalories per man per 
day . Some rehydratable food i terns were contained in a new spoon/bowl 
package ( fig.  10-l) which has a pair of zippers acting as a stiffener 
when the package is open to keep it in a bowl shape . The quantity of 
thermostahili zed wet-pack foods was increas ed for this mission . For 
snacks and variety , the following foods were also placed on board the 
spacecraft : ( 1 )  ham and chicken salad spreads packed in tubes for use 
on bread ; ( 2 )  bread , both white and rye ; ( 3 )  dried fruits , including 
peaches , pears , and apricots ; and ( 4 )  extra beverage packages .  

The crew reported they were s atisfied with the quantity and quality 
of flight foods . While they stated that flavors were very good , they 
were generally not hungry during the mission .  There were no complaints 
about food palat ability ; however , the crew reported that in same instance s 
the food ( for example , rye bread) tasted differently in the spacecraft 
atmosphere . The dried fruits , wet-packs , and rehydratable foods in the 
spoon-bowl packages were highly acceptable items . The latter foods were 
easily eaten with a spoon , and no problems with spillage were encountered .  
The sandwich spreads on bread were not as popular inflight as h ad  been 
anticipated by the crew . 

A combinat ion of the following factors duri ng the flight adversely 
influenced eating : ( l )  the potab le water supply contained excessive gas 
which formed bubbles that could not be separated or eliminated in the 
food packages ; ( 2 )  the spacecraft lacked temporary stowage and work 
areas to as sist in preparation of the rehydrated food packages ;  and 
( 3 )  inflight activities at times precluded adequate food preparation and 
consumption . 
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Examination of the returned food , empty food packages , and inflight 
food logs indicates an estimated daily food consumption of approximately 
1407 , 1484 , and 1311 kilocalories for the Commander ,  Command Module Pilot , 
and Lunar Module Pilot , respectively . 

10 . 4  WATER 

The inflight water consumption , based on calculated water depletion 
rates , were as follows : 12 . 9  pounds of water during the first 35 hours 
( 3  pounds /man/day ) ,  13 . 6  pounds of water from 35 to 50 hours (7 . 5  pounds / 
man/day ) ;  a total of 75 pounds was consumed in the first 128 hours 
( 5  pounds /man/day ) .  

10 . 4 . 1  Command Module Water 

Prior to flight , the command module water system was loaded with 
water containing 9 mg/liter of res idual chlorine . The system was soaked 
for about 8 hours , flushed , and filled with non-chlorinated , de-ioni zed , 
microbially filtered wat er .  Three hours before lift-off , the system was 
chlorinated us ing inflight equipment and procedures . 

The ampules of sodium hypochlorite and sodium dihydrogen phophate 
were injected at the s cheduled inflight chlorination time of 12 hours . 
Because of a procedural error after this first chlorination ,  the potable 
water tank valve was not opened to allow dispers ion of the injected s olu
tions into the tank . The result was that the concentrated chlorine
buffer solution passed directly through the drinking water dispenser when 
the system was used the next morning , with associated unpalatability . All 
subsequent inflight chlorinat ions , with one exception , were accomplished 
normally and as s cheduled. 

An additional problem was created inflight by degassing of water 
from the use port s . The amount of gas dissolved in the water was large 
enough to caus e problems with drinking and food preparations similar to 
those experienced on Apollo 9 .  After many attempts , the crew was unable 
to separate gas from the wat er using a new wat er/gas separation bag ( see 
section 15 . 1 . 14 ) .  

Analyses of potable water samples obtained about 2 7  hours after the 
last inflight chlorination showed a free-chlorine res idual of 0 . 5  mg/liter 
at the hot water food preparation port and 6 . 0  mg/liter at the drinking 
dispenser port . Chemical analysis of the water from the hot water port 
showed a nickel concentration of 0 . 34 mg/liter and from the drinking dis
penser port a total solid concentration of 15 . 88 mg/liter , j ust above the 
recommended maximum. All other chemical values were within specified 
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limits . No adverse effects on crew health were caused by the elevated 
nickel and total solids concentrations . 

Tests for coliform and anaerobic bacteria, as well as for yeasts 
and molds , were negative in all preflight and postflight samples . 

10 . 4 . 2  Lunar Module Water 

Prior to flight and after the initial sterilization , the lunar module 
water system was loaded with microbially filtered, de-ionized water which 
had been iodinated to a residual of 25 mg/liter in both the ascent and 
descent stage tanks . The preflight iodine residual was 2 .  5 mg/liter at 
approximately 40 hours before launch , when the final test samples were 
obtained .  The iodine depletion rate indicated that the water microbial 
filter should be used in flight ; however , through an oversight , it was 
not used. All preflight chemical and microbiological analyses were ac
ceptable . 

10 . 5  MEDICAL EXAMINATIONS 

The preflight medical examinations were conducted at 30 , 14 , and 
5 deys prior to launch . A brief physical examination was performed on 
the morning of flight , and a comprehensive physical examination was com
pleted immediately after recovery. 

The crew reported their physical condition was good during the entry 
phase . The impact at landing was less than the crew expected and caused 
no discomfort . No sea sickness was experienced while awaiting helicopter 
pickup . The crew appeared well while in the helicopter and aboard the 
recovery ship . 

The postflight medical protocol was accomplished in about 3 hours , 
and all planned postflight medical procedures were conducted. The total 
time in the medical bey was 4 hours . The crew appeared to be well rested , 
although they had been awake from 8 to 10 hours prior to landing . 

The only abnormal findings during the postflight physical examina
tions and interviews involved skin changes and weight losses . The Com
mander and the Lunar Module Pilot had mild rashes on their forearms , 
apparently resulting from exposure to the fiber glass insulation or from 
irritation caused by Beta cloth in the flight suits . They also had some 
generalized itching caused by their exposure to the fiber glass insulation . 
The skin under the Commander ' s  left axillary and upper sternal biomedical 
sensors had small superficial pustules , and his skin was abraded under a 
portion of the micropore tape covering the left axillary sensor . The Com
mand Module Pilot had some pustules under his sternal sensors . The Lunar 
Module Pilot had no skin irritations . 
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All crewmen had weight los ses , but none s howed changes in skin turgor , 
skin hydrat ion , or oral secretions . All pos tflight exami nat i ons showed 
normal changes from pre flight condi tion s .  Changes in b ody weights are 
shown i n  the following t able . 

Time 

Preflight 

Recovery day 

Day after recovery 

Commander 

170-1/2 

168-1/2 

170-3/4 

Weight , lb 

Command Module Lunar Module 
Pilot Pilot 

165-1/4 172-1/2 

159-1/2 163 

161-1/4 164 

The postflight phys ical examinat ions of the crewmen showed no sig
nifi cant changes whi ch were attributable to their exposure to fiber glas s . 
The che st X-rays and electro cardiograph dat a  were within normal limit s .  
There was no evidence of respirat ory t ract irritation . The crewmen ' s  
che st s  were normal t o  percussion and aus cultat ion . The mucous membranes 
of the nasal pas sages , the mouth , and the oral-pharynx were normal and 
demonstrated no abnormal s e cret ions . The conjunct ivae , sclerae , and 
corneas were n ormal , and no excess ive material was seen in the inner 
canthi of the eyes . 

The audiometric and visual acuity examinat ions were unsat i sfactory 
be cause of the vibrat ion and noise of the recovery ship . The orthostatic 
t olerance and exercise response tests showed the characteristic changes 
due to flight and the characteristic return t imes to the preflight levels . 

Four days after recovery , the Lunar Module Pilot developed a mild 
infect i on in his left nostril ; this may have been caus ed by a small piece 
of fiber glas s  act i ng as a fore ign body . He responded rapidly to treat
ment , and the sub sequent course of the illnes s  was uneventful . 
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TABLE 10-I . - REPRESENTATIVE AVERAGE HEART RATES 

Heart rate , beats/min 

Time/event 
Command Module Lunar Module Commander 

Pilot Pilot 

Minus 10 minutes 70 63 78 

Minus 5 minutes 8o 65 73 

Li f't-o:f:f 115 120 119 

S-IC cuto:f:f 120 92 98 

Tower jettison 120 110 llO 

S-II cuto:f:f 110 97 96 

Insertion 98 98 96 

Earth orbit 95 86 89 

Translunar coast 72 a
64 70 

Lunar orbit 69 67 71 

Transearth coast 72 68 65 

�edian value . 
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Figure 10- 1 . - Spoon/bowl package . 
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11 . 0  PHOTOGRAPHY 

A preliminary analysis of the photography planned and accomplished 
during the mi s sion is di s cus sed in this sect i on .  No formal scient i fi c  
experiments were planne d ,  but engineering te sts were performed , c onsider
able phot ography was obt ained ,  and landmark and tracking data were used 
to reduce the s ize of the landing ellipse .  

During the mis sion , all nine magaz ines of 70-mm film an d  fi fteen of 
the eighteen magazines of 16-mm fi lm were exposed.  

Approximately 70 percent of the total photographic ob j ectives were 
accomplished, i ncluding about 75 percent of the reque sted lunar photog
raphy and ab out 60 percent of the specifi ed targets of opportunity . Con
s i derable fars ide photography was obtained , i ncluding s ome are as at the 
eastern limb where only poor image ry had existed. The photography also 
contains a number of views of the approaches to Landing Sites 2 and 3 ,  
and a good portion will b e  useful for crew t raining . 

11 . 1  PHOTOGRAPHI C  OBJECTIVES 

The following photographi c  objectives were included in the miss ion : 

a .  The relative motion o f  the S-IVB duri ng t ransposition and the 
docking and eject i on operations 

b .  The lunar module , with emphas i s  on the landing gear strut s 

c .  The relat ive motion of the two spacecraft during rende zvous 
operat ions 

d .  Crew intravehicular tasks and mobility 

e .  Lunar surface photography for verti c al s te reo-strip coverage 
from terminator to terminator , oblique strips to the lighted landing 
s ites , vert ical stereo-strips t o  a proposed highlands landing s ite , and 
specified targets of opportunity 

f. Long-distance earth and lunar terrain photography to obtain an 
earth weather and terrain analysis under global and long-di stance lunar
perspect ive photography . 
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ll .  2 FILM DESCRIPI'ION AND PROCESSING 

Special care was taken in the selection , preparation , calibration , 
and proces sing of flight film to maximi ze the information retrieval from 
returned exposures . Processing standards similar to those for Apollo 8 
film were used. No exposure problems existed on this mission , and re
sults are excellent . The types of film included and exposed are li sted 
in the following table . 

Magazines 
Film type 

Film ASA 
size speed 

stowed Exposed 

S0-36 8 ,  color 16-mm 13 ll 64 

70-mm 2 2 80 

S0-168 , color 16-mm 5 4 
a

l60 

3400 , black/white 70-mm 6 6 
b

4o 

Kodacolor 70-mm l l 80 

aSpecial process ing can boost speed to 1000 . 
b Manufacturer quotes  speed of 80 . 

Resolution , lines /mm 

High Low 
contrast contrast 

8o 35 

80 36 

8o 36 

170 70 

5 0  32 

Exposure settings . - The exposure settings specified for lunar sur
face 70-mm photography are given in the following table . 

Film Lens Aperture 
Shutter speed ,  

Targets sec 

Black/white 8o-mm f4 l/250 Verti cal strips and 
250-mm f5 . 6  l/250 targets of opportun-

ity 

Bo-mm f4 l/125 Oblique strips of 
Sites 2 and 3 ;  ver-
t ical strips of Site 3 

Color 250-mm f8 l/250 Targets of opportunity 
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11 . 3  PHOTOGRAPHIC RESULTS 

The discuss ion of preliminary photographic results is divided into 
performance , scientific results , and crew observat i ons . The preliminary 
analysis of lunar surface photography will comprise most of the discus sion 
of photographic result s . Figure 11-1 indi cates by magazine and vehicle , 
the lunar surface photography accomplished, and table 11-I lists the 
specific frame exposures for each magazine used. Figure 11-2 is  a group 
of typical earth and lunar surface photographs taken throughout the mi s
sion .  While these photographs are not specifi cally discussed, a subtitle 
describes the individual targets , many of which are mentioned in the fol
lowing general analyses . 

A 70-mm Kodacolor film magazine was to be used in order to make a 
technical evaluation of this type film for determining the color of the 
lunar surface . The fi lm  has been processed,  but the technical analysis 
has not been completed. A supplement al report will be published. 

11. 3 . 1  Strip Photography 

The objective of the stereo strip photography was to obtain vertical 
coverage of the lunar surface from terminator to terminator . This strip 
would be used to update the position of features on the lunar surface . 
The plan included the us e of one magazine of black and white film ,  the 
electric Has selb lad camera, an 80-mm lens , the rendezvous window bracket , 
and the 20-second intervalometer . Each photograph was to overlap the 
previous photograph by approximately 60 percent to allow viewing of the 
surface from photographic pos itions separated by about 16 miles . This  
overlap would permit s tereos copic viewing of  surface features and mathe
mat ical determination of their position . 

The vert ical strip photography was ac complished on lunar revolution 
23 , when the spacecraft was flown with a roll attitude 180 degrees from 
that planned.  This attitude change , coupled with a 12-degree change in 
the alignment of the camera optical axis with the spacecraft X-axis ,  pro
duced photography with 24 degrees of tilt .  The t ilt is forward along the 
trajectory for the first half of the daylight pass and backward for the 
last half . The forward overlap is  greater than 60 percent , and the 
photography should prove suitable for its intended use .  The crew indi
cated some variation in the exposure interval due to failure of the 
camera to cycle and the effect of this has not been evaluated t o  dat e .  
The strip was not t aken on one magazine , and the magazine change at about 
75 degrees east longitude resulted in loss of coverage over about 10 de
grees of lunar surface . 



ll-4 

In addition to the terminator-t o-terminator strip , systematic 
photography was planned for revolution 31 from about 90 degrees east 
into the highland site and then into Site 3 .  The photography was to have 
been vertical with the except ion of a 20-degree yaw to the south to pick 
up the approach path to the highland sit e .  This strip of photography 
was intended to be used to help produce descent monitoring charts and 
improve the topographic detail of the approach terrain . This photography 
was not taken as planned and cannot be used for the specified purpose . 

On revolution 22 , strip photography was to be obtained showing an 
oblique view to Landing Site 2 .  The actual photographic coverage is 
nearly vertical ,  and is of the highland site ; only the final part of the 
strip is of a view looking back into Landing Site 2 .  The strip runs from 
about 44 to 29 degrees east and may be usefUl for a monitoring descent 
chart into the proposed highland site . 

On revolution 29 , forward-looking oblique views into Landing Site 3 
were planned ,  but the spacecraft was rotated to the east of the site . 
Therefore , this strip shows only the proposed highland site but has sys
tematic photography that might be used to define the surrounding terrain 
in greater detail . 

The terminator-to-terminator strip photography has been rectified 
and is being used to update descent monitoring graphics and simulator 
film strips . Photogrammetric evaluation is in progress and will be pub
lished in a separate scientifi c  report . 

11 . 3 . 2  Target s of Opportunity 

The crew photographed approximately 60 percent of the 50 designated 
targets of opportunity , which were different from those of Apollo 8 .  Some 
areas were photographed with both color and black and white film. The 
crew , at their own selection , made numerous other photographs , including 
oblique terminator photographs , to document their visual observations . 
Included with the target of opportunity photography are many excellent 
moon photographs taken through the 250� lens , 

11. 3 . 3  Sequence Photography 

The 16-mm photography included some very interesting s equences that 
included a great many farside features .  While approaching and traversing 
Landing Sites l ,  2 ,  and 3 ,  the crew made sequences that will be useful 
for crew t raining . As stated in section 6 . 0 ,  orbit inclination errors 
resulted in the lunar ground track being s ome 5 miles south of Landing 
Site 2 ;  therefore , some of the photography would not be consistent with 
a normal landing site approach . 
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11 . 3 . 4  Crew Observations 

During lunar orbit • no limb brightening was observed ,  but a bright 
streak ab ove the hori zon was observed just prior to the s olar emergence 
during sunris e .  The solar corona or zodiacal light was visible for about 
12 minutes after sunset and prior to sunrise  • and there were arch-shaped 
rays of light for about 5 minutes after sunset and before sunri se . There 
was also a bright , narrow band of light on the hori zon immediately after 
sunset and before sunri s e .  It was light as soon as the edge of the solar 
dis c  could be seen . The crew attempted to photograph the solar corona , 
but as yet there is no evidence whether they were successful . 

The crew saw the lunar horizon clearly in all directions during total 
darkness  and believed this was because the horizon marked an abrupt end 
to an abundant star field. The rings of Saturn could be seen through the 
sextant when Saturn was within about 25  degrees of the sun . The San 
Joaquin Valley on earth could also be seen from lunar orbit . 

During the first revolution , a volcanic cone was mentioned and later 
identified on a photograph . However • the darknes s  of the black and the 
brightness of the white were des cribed as much more intense during lunar 
orbit than appears in the photograph . The crew believed that , during 
lunar orbit , the very bright white areas seemed a much more distinguish
ing characteristic for indi cating new craters than did the sharpnes s of 
the rims . The rays from Messier were observed as seeming to travel across 
the entire nears ide . The crew believed that a sight should be provided 
for use with the 250-mm lens and that hand-held photography should be 
taken without the intervalometer. The crew also thought it worthwhile 
to include target of opportunity photography on future missions . 

11 . 4  LUNAR LIGHTING OBSERVATIONS 

As in Apollo 8 • the ma.gni tude of the washout effect • when the sun 
line is at zero phase ,  is much less pronouned than had been expected. 
Photography was obtained at a very low sun angle ( including color photog
raphy ) • and some of this is included in this section . The very low sun 
angle does cover the s ites in shadow but brings out the topographic detail 
very dramat ically . 
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11 . 5  THE LUNAR INTERNATIONAL OBSERVERS NETWORK 

The objective of the International Observer Program is to determine 
the cause of certain lunar phenomena and whether ground-based identifica
tion of transient lunar events can be confirmed in real-time by Apollo 
crew members . This program began with the Apollo 8 mission . During 
Apollo 10 , there were 46 American observers in 15 states and 130 observers 
in 31 foreign countries . 

During lunar orbit , 19 reports of transient lunar events were re
corded.  Thirteen of these , indicating activity around the crater Aristar
chus , were forwarded to the Flight Director in the Mission Control Center ; 
however , the crew report ed they were unable to observe anything unusual 
in that area .  
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Magazine 

M 

TABLE ll-I.- PHOTOGRAPHY 

(a) Still photography , 70-mm Hasse�b�ad camera 

Frame no. Major subjects 

AS�0-34-5009 thru -5�73 Earth and moon from high �titude ; 
lunar module ; lunar surface 

spacecraft ejection; 

N* -27-3855 thru -3987 Ccmmand and service modrues ; �unar surface from high �ti-
tude ; earthrise ; approach to Landing Site 3 

0* -28-3988 thru -4�63 Lunar surface from low altitude ; near vertical of Site 2 ;  

P* 

Q 
R 

s 
T 

I 

lunar far side 

-29-4�64 thru -4326 Camnand and service modul-es ; oblique of Site 

-30-4327 thru -4499 Oblique views of approach to Sites � and 2 

-�-4500 thru -4674 Near vertic� views of area between Sites � 

-32-4675 thru -4856 Sites �. 2 ,  and 3 from high �titude 

-33-4857 thru -5008 Obliques of Sea of Tranquility 

(b) Sequence photography � 16-:nm camera 

Magazine Major subjects 

A 

B 

c 

D 

F* 

G* 

H* 

I* 

J 

K* 

L* 

v 
w 

Docking of camnand mod�e to �unar mod�e within S-IVB 

Intravehic�ar activity 

Lunar surface 

Lunar surface ; entire moon ; earth 

Lunar surface 

Lunar surface 

Lunar surface ; earthrise 

Lunar surface 

Entry ; parachute dep�oyment 

CODDand and service JOOdules ; lunar surface ; earthrise 

Lunar surface ; command and service modules 

Earth ; lunar surface 

Lunar sur:face ; earth 

2 

and 2 

y Docking after rendezvous ; ascent stage jettison; lunar surface 

AA Intravehic�ar activity 

*Taken from. lunar mod�e ; all others taken from coamand mod�e . 

NOTE: A detailed listing of �1 photographs will be provided in the Apollo 10 scientific 
report , to be published at a later date . 

-



lal Commancfmoclule 70-mm photography. 

Figure 11-1 . - Lunar surface photographic coverage. 

) 

Magazine key --M --- Q -·-·-R 
-··-S 
------- T 

) 



lbl Lunar module 70-mm photography. 

Figure 11-1. • Continued. 



Magazine key 
-·-·-C - - - 0 ---- v 
------ w --y 

lcl Command module sequence photography. 

Figure 11·1. • Contin ued. 
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ldl Lunar module sequence photography. 

Figure 11·1.- Concluded. 



This photograph, taken during trans lunar coast, is a view of earth i llustrating 
various types of cloud patterns . A large synoptic view such as this provides 
a hemispheric study of meteorological data. 

Figure 11-2 (a);- Photography. 

, 



This view of earth, also taken during trans lunar coast, shows the northern 
third of Africa, with Europe covered by clouds . The tenninator, at approxi
mately 30 degrees east latitude, is over east Africa and Europe. 

Figure 1 1-2 {b) . - Photography. 
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IIASA-S-69-27!.5 

This photograph was taken whi le the spacecraft was crossing Smyth's Sea 
located on the eastern limb of the moon . The view is toward the west over 
the h ighlands separating Smyth's Sea from Mare Fecunditatis still further 
to the west. The photograph was taken at earthrise using the 80-mm lens . 

Figure 1 1-2 (c) .- Photography .  



This photograph of earthrise was taken from the lunar module looking in the 
direction of travel .  At the time of exposure, the spacecraft was located 
above the far-side highlands at approximately 105 degrees east longitude . 
The mare surface seen in this sequence is known as Smyth's Sea and is 
just barely visible on the moon's eastern limb from earth . 

Figure 11-2 (d) . - Photography. 
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This photograph, taken from the command module, shows Apollo Landing Site 2 and 
the southwestern portion of Mare Tranqui litati s .  The center of the photograph is at 
approximately 23 degrees east longitude and 0 .5 degree north latitude . The detai ls 
of the lunar surface becomes more obscure toward the horizon . The double craters 
Ritter and Sabine can barely be detected in the upper right portion of the photograph . 
Rima Hypatia is also partially obscured in �he central portion of the frame because 
of the high sun angle . 

Figure 1 1-2 (e) .- Photography .  



This photograph is a view of the approach to Apollo Landing Site 2 (just out of 
view, upper right center) in the Sea of Tranquility. The crew used code names 
such as "Thud Ridge, The Gashes , Fay Ridge, Diamondback and Sidewinder 
Ri l les, Last Ridge and U . S .  Road 1 , "  for most of the prominent features in 
this photograph . 

Figure 1 1-2 (f) • - Photography • 
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This photograph is an oblique view of the cnetral portion of the Rima Ariadaeus 
near the contact zone between Mare Tranqui litatis and the highlands to the west. 

- ---- ------ ---

Figure 1 1-2 (g) . - Photography .  



NASA-S-69-2720 

This photograph of the command and service modules was taken just after 
passing over Smyth's Sea. The area shown in the background is approxi
mately at 75 degrees longitude . The reflective nature of the outer skin 
of the spacecraft can be readily seen . 

Figure 1 1-2 (hl . - Photography . 
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This high oblique photograph was taken from the command module looking 
south at Crater 302 at a low sun angle. The photographed area is located 
in the highlands on the back side of the moon, with center of the photograph 
approximately 161 degrees east longitude and 9 degrees south latitude . 

Figure 1 1-2 ( i) .- Photography .  



NASA-S-69-2722 

Crater IX, at 143 degrees east longitude and 4 degrees 30 minutes north 
latitude on the lunar farside, is approximately 200 statute mi les in diameter . 
In this view taken from the command module, the floor of the crater resembles 
typical highland surface, and only a small portion of the crater rim is visible 
in the upper right-hand corner of the photograph . 

Figure 1 1-2 (j) . - Photography. 

ll-21. 
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NASA-S-69-2723 

This view was taken from the command module at 120 degrees east longitude 
looking north from a point near the lunar equator. The large crater is known as 
Crater 211 and is approximately 50 statute miles in diameter. This crater is 
unique in that it has two central ridges , with slumping evident along the crater 
wal l .  

Figure 1 1-2 {k) .- Photography . 



NASA-S-69-27 24 

This photograph is located in the eastern part of the Sea of Ferti l ity and 
shows an intersecting ridge pattern on the mare surface . The approximate 
coordinates are 56 degrees east longitude and 2 degrees 3 0  minutes 
south latitude . 

Figure 1 1-2 (1} .- Photography .  
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NASA-5-69-2725 

This photograph is a low oblique view of the Landing Site 2 area taken from the 
command module . This area is located adjacent to the highlands in the southern 
part of Mare Tranqui litatis . Rima Hypatia is clearly visible in the lower portion 
of the photograph, with the crater Moltke to the north . The central point of the 
photograph is located just north of Moltke at (!pproximately 23 degrees east 
longitude and 0 .  2 degree north latitude . 

Figure 1 1-2 (m) . - Photography. 
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NASA-S-69-2726 

This photograph is a high oblique view taken from the command module of an area near 
the crater Triesnecker and Sinus Med i i  at a very low sun angle . The view is looking 
westward into the terminator . The center of the photograph is at approximately 1 degree 
west and 5 degrees north , and Triesnecker is the crater to the north which is cut by the 
right edge of the frame . 

Figure 1 1-2 (nl . - Photography . 
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NASA-5-69-27 27 

This photograph is a high oblique view of the Landing Site 3 area, taken at a 
relatively low sun elevation, and shows many small craters and other surface 
details . The photograph, taken from the command module looking westward , 
has its center located at approximately 3 degrees west longitude and 1 degree 
north latitude . 

Figure 1 1-2 (ol . - Photography .  



NASA-S-69-2728 

This view was taken approximately halfway between the moon and earth on the 
return trip .  The terminator passes through the large crater Archimedes located 
on the eastern s ide of Mare Imbrium and also the craters Ptolemaeus and 
Alphonsus in the Central Highlands . 

Figure 1 1-2 (p) . - Photography .  

ll-27 
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12 . 0  MISSION SUPPORT PERFORMANCE 

12 . 1  FLIGHT CONTROL 

This section of the report presents an evaluation of real-time mis
sion support and identifies those problems which occurred during the 
miss ion and were of significance to real-t ime flight control operations . 
The flight-control response to those problems identified was based on 
real-time data , and no attempt is made to evaluate the validity of any 
corrective action taken . 

Prelaunch operations involving the interface between the various 
computers thr-oughout the Manned Space Flight Network and the space vehicle 
were significantly reduced by deletion of the Software Integration Test . 
Validation of the specific software interfaces was derived with suffi
c ient confidence during the lunar-module s imulated flight , the Flight 
Readiness Test , Countdown Demonstration, and the actual countdown . 

Flight control teams were exercised extensively , using both math
model and simulator training , for all major miss ion phases . Emphasis was 
placed on lunar module and launch operations . This preflight training 
was effective and resulted in a smooth proc edural interface between the 
flight crew and the Miss ion Control Center . 

Because of the accuracy of the translunar inj ection, the first 
scheduled midcourse correction was not performed . The preflight plan 
was to delete this firing if the velocity change required for the second 
midcourse correction would be less than 50 ft/sec . The accurate traj ec
tory conditions after translunar injection permitted deletion of the 
first midcourse correction but resulted in the spacecraft being on a 
slightly slower translunar velocity profile .  The slower profile delayed 
all lunar orbit flight plan events by approximately 12 minutes . 

Because of flight control errors in calling out closing the potable 
water tank inlet valve for water chlorination , the crew got a high con
centration of chlorine from the potable water tank during the breakfast 
period at approximately 22 hours ( see section 1 0 ) . The crew was advised 
to draw off a bag of water and dispose of it . 

A detailed communications test was scheduled after lunar orbit in
sertion to verify several of the lunar-module/Network modes of operation . 
Previous flight experience had shown that inflight communications testing 
of this type is operationally difficult , even with the extended coverage 
available at lunar distanc es . Prior to lift-off ,the ground team was well 
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prepared to support the communications tests ,  and the procedures were ver
ified. All tests ,  which consisted of various combination modes and an
tennas and checkout of specific primary and backup hardware for vehicle
to-vehicle direct and vehicle-to-ground direct communications , were accom
plished except for the command and service module relay and the Network 
relay . A Network relay was accomplished during the rendezvous when the 
Mission Control Center voice key . was depressed to allow air-to-ground con
ferencing between the network and both vehicles , but this technique was 
different from that intended in the primary Network relay mode . 

At approximately 96 . 5  hours , the Lunar Module Pilot reported he was 
unable to vent the tunnel ( see section 15 . 1 .17 ) . Before undocking could 
be performed , a leak verification of both tunnel hatches was ess ential . 
A procedure was devis ed to allow depressurization of the tunnel through 
the lunar module down to 3 . 5  psi , and the resulting differential pressure 
( 1 . 5  psi )  was held until command module hatch integrity was verified . 
The lunar module was then pressurized to the normal level to again verify 
lunar module hatch integrity . 

A fuel cell l warning light and main bus A and B undervoltage were 
observed at about l2l hours .  The crew reported the associated ac cir
cuit breaker for the fuel cell l pump package was open and could not be 
reset . Without the hydrogen pump, the temperature rise on fuel c ell l 
was predicted to be approximately 30 deg/hr under a 20-amp load . Off 
the line, the fuel-ceLl skin temperature was expected to cool at a rate 
of 3 or 4 deg/hr . These characteristics permitted use of the fuel cell 
before sleep periods to raise the temperature , while deactivation during 
sleep periods allowed the cell to gradually cool so that caution and 
warning limits were never exceeded . At 166 hours , a hydrogen purge of 
3 hours duration was recommended , increasing the fuel-cell lifetime to 
about 50 A-h . At about 174 hours , the crew was advised that fuel cell l 
would not have to be placed on line again to remain within temperature 
limits . 

The s ixth option for midcourse corrections was not exercised because 
of a disturbance in Doppler tracking data caused by the vent thrusting 
of both the 3-hour hydrogen purge and a water dump . It was first re
quested that the maneuver be delayed 30 minutes to allow more tracking 
time . Finally, a recommendation was made that the maneuver be delayed 
3 hours to the time for the seventh midcourse correction so more accurate 
data and targeting could be obtained after continuous tracking of an un
perturbed trajectory . Thus , only one correction was made to the trans
earth traj ectory . 

The Mission Control Center , Network, and spacecraft interfaces were 
effective throughout the mis s ion . The Control Center/flight crew inter
face ,  especially for procedures during the rendezvous , was effective , and 
no major operations problems were encountered . 
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12 . 2  NETWORK PERFORMANCE 

The Miss ion Control Center and the Manned Space Flight Network were 
placed on miss ion status May 6 ,  1969 , and satisfactorily supported the 
s imultaneous flight of two vehicles at lunar distanc e .  

Support by the Manned Space Flight Network was excellent , with only 
minor discrepant conditions in the remote-site data processors and the 
air-to-ground communications links . No discrepancy had a significant 
impact because backup support stations were available for all mis sion 
phases after translunar injection. 

Network support through orbital insertion was excellent . The Car
narvon computer operated intermittently from prior to launch through 
translunar injection , but this caused no miss ion impact . The Mercury 
ship , which was positioned geographically adjacent to Carnarvon , also 
experienced a command computer failure during translunar inj ection . 

Air-to-ground communications were very good, including those in the 
pseudo-network relay mode . During lunar orbit , command module voice 
communications between Goldstone and the Mission Control Center were lost 
for several minutes . The loss was a station problem, and an operator 
error is suspected .  

The command computers at both the 30- and 85-foot antenna stations 
experienced several faults ; the majority of these were corrected by re
cycling the computer . Software verification procedures will be reviewed 
to ascertain whether additional testing is required . 

12 . 3  RECOVERY OPERATIONS 

The Department of Defense provided recovery support commensurate 
with the probability of landing within a specified area and with any 
special problems associated with such a landing. Recovery force deploy
ment was s imilar to that for Apollo 8 and is detailed in table 12-I . 

Support provided for the primary landing area in the Pacific Ocean 
consisted of the USS Princeton, accompanied by a communications support 
ship, USS Arlington , and a weather avoidance ship, USS Carpenter . Air 
support consisted of three HC-130 rescue aircraft staged from Samoa and 
seven SH-3D helicopters flown from USS Princeton . Three of the heli
copters were for recovery, three were des ignated as "airboss" aircraft 
for communications support and recovery control , and the other was used 
as a photographic platform ( fig. 7 . 6-6) . 
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12 . 3 . 1  Command Module Location and Retrieval 

At about 191 : 51 : 00 ( 1640 G . m . t . ,  May 26 , 1969 ) recovery forces had 
first visual contact with the spacecraft as it concluded the high-heat
load portion of entry and appeared as a streak on the night sky . Subse
quent radar contact was made at 1641 G . m . t . by the Princeton .  S-band 
signals were then received , and the spacecraft was observed descending 
on the main parachutes in predawn twilight . Voice contact was established 
on 296. 8  MHz with recovery helicopters about 5 minutes before landing . 
The flashing light was obs erved by a recovery helicopter during command 
module descent but not after landing . The spacecraft landed at 192 : 0 3 : 23 
( 1652 G .m. t . ) at a point calculated by recovery forces to be 15 degrees 
2 minutes south latitude and 164 degrees 39 minutes west longitude . 

The command module remained in the stable I ( apex up ) flotation 
attitude after landing , and the swimmers were deployed to install the 
flotation collar . The crew was retrieved and onboard the Princeton 
39 minutes after landing. The command module was hoisted aboard the 
Princeton 1 hour 36 minutes after landing . 

The weather conditions , as reported by USS Princeton at 1652 G .m . t .  
were a s  follows : 

Wind direction, deg true 100 

Wind speed, knot • 5 

Water temperature , °F 85 

Cloud cover 10 perc ent at 2000 feet 
20 percent at 7000 feet 

Visibility, mi 10 

Wave height , ft 3 

12 . 3 . 2  Postrecovery Inspection 

The following is a summary of discrepancies noted during the post
recovery inspection. All other aspects of the spacecraft were normal . 

a .  VHF antenna 1 had not deployed. The release mechanism had per
formed normally; however , the antenna had fouled in its stowage housing. 
Only two radials had deployed and these only partially . Approximately 
3 hours after recovery, the antenna fully deployed to the upright posi
tion ,  apparently as a result of vibration . 

b .  One radial of VHF antenna 2 had not deployed . It also appeared 
to be binding in the stowage receptacle . 
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c .  The minus Y portion of the shaped charge holder ring was outboard 
of the holder springs on the tunnel top ; however , the ring was still con
tained within the envelope of the tunnel top and did not appear to have 
been bent out of shape . All four holder springs appeared to  be in good 
shape . 

d .  The electrical terminal board ( for apex cover parachute pyro
technique c ircuit ) located on the plus-Y s ide of the roll bar on the up
per deck was damaged , and two piec es of this board were found in the 
postlanding vent valve opening . 

e .  The s ea dye marker produced very little dye .  Initial inspection 
of the marker revealed that one of the marker openings may have b een 
clogged . 

f .  The ablator buildup around the sea anchor attach point had been 
damaged by the swimmers while installing the s ea anchor and c ollar hard
ware . 

12 . 3 . 3  Command Module Deactivation 

Following offloading from the recovery ship , deactivation of the 
command module began at Ford Island , Hawaii ,  at 1800 G . m . t . ,  May 31 , 
1969 . No abnormal system condit ion was found except that one radiolumi
nesc ent disc on the forward heat shield was cracked and found to  be con
taminated at a level of 9 milli roentgens per hour . This disc  was covered 
with lead foil and taped with a contaminati on sticker . 

Deactivation was completed at 0556 G .m . t . ,  June 3 ,  1969 . The command 
module arrived in Long Beach , California , at 1015 G . m . t . ,  June 4 ,  1969 . 



TABLE 12-I . - RECOVERY SUPPORT 

Maximum Maximum Support 
Landing area retrieval access Remarks 

time , hr time , hr Number Unit 

Launch site -- l/2 l LCU Landing craft utility ( landing craft with command module retrieval 
capability) 

2 LVTR Landing vehicle tracked retrieval (tracked amphibious vehicle with 
command module retrieval capability) 

1 HH-3E Helicopter with para-rescue team 

2 HH-53C Helicopters capable of lifting the command module ;  each with para-
rescue team 

l ATF uss Salinan 

Launch abort 24 to 48 4 1 DD uss Rich 

1 AIS USNS Vanguard 

1 LPA USS Chilton 

3 HC-130 Fixed wing aircraft ; one each staged from Pease AFB , New Hampshire ; 
Kindley AFB , Bermuda; and Hickam AFB , Hawaii 

Earth orbit 40 6 2 DD uss Rich and USS Carpenter 
secondary 

3 HC-130 One each at Pease AFB , Kindley AFB , and Hi ckam AFB 

Deep space 26 10 1 MCS uss Ozark 
secondary 1 LPH uss Princeton 

4 SH-3D Helicopters , 3 with swimmers and 1 photographic platfonn 

4 HC-130 IJ. :vo each staged from Hawaii and Ascension 

Primary 16 to 24 2 1 LPH uss Princeton 

1 DD uss Carpenter 

4 SH-3D Three with swimmers , one photographic platfonn 

3 HC-130 Staged from Pago Pago , Samoa 

Contingency 18 6 HC-130 One each staged from Hickam AFB ; Kindley AFB ; Ascension ; Mauritius 
Island; Anderson AFB , Guam ; and Howard AFB , Canal Zone 



13-1 

13 . 0  ASSESSMENT OF MISSION OBJECTIVES 

The primary objectives for the Apollo 10 miss ion are defined in 
reference 1 and were as follows : 

a. Demonstrate crew/space-vehicle /mis s ion-support-facilities per
formance during a manned lunar orbit mis s ion with a command and servi ce 
module and lunar module . 

b .  Evaluate lunar module performance in  the cis lunar and lunar en
vironments .  

Detailed tes t objectives defining the tests required to fulfill the 
primary mission objectives are des cribed in reference 2 .  These detailed 
test object ives are listed in tab le 13-I , where they P�e referenced to 
the two primary objectives . 

The dat a presented in other sections of this report are sufficient 
to verify that the primary mis s ion object ives were met . However ,  in 
two cases , specific funct ional tests related to detailed test objectives 
were not met . Thes e objective s  and their significance are dis cussed in 
the following paragraphs . 

13 . 1  LUNAR MODULE STEERABLE ANTENNA PERFORMANCE 

One detailed obj ect ive was to evaluate steerable antenna procedures 
during a pilot-yaw maneuver from face down to face up and pitch up to 
local vertical ; this maneuver corresponds to the attitude profile for 
descent to lunar surface . S-band communicat ions were lost  during this 
test object ive because the steerable-antenna track-mode was not switched 
properly . Howeve r ,  the operation of the s teerable antenna during the 
abnormal staging excurs ions demons trated the ability of the antenna t o  
track under extremely high rates . On future mis s ions , if  the steerable 
antenna does not track properly , S-band communications will require the 
use of the omnidirect ional antennas and a 210-foot ground-bas ed receiving 
antenna.  

13 . 2  RELAY MODES VOICE/TELEMETRY 

Two portions of the relay modes voice/telemetry detailed test obj ec
tive were not met :  ( 1 )  demons trat e a voice conference capability vi a 
S-band between the lunar module , the command module , and the Network with 
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voice relay provide d  by the Network , ( 2 )  demonstrate a voice conference 
capability via VHF between the lunar module , the command module , and the 
Network with the relay provided by the command module , and ( 3 )  demonstrate 
a voice conference capability via VHF between the two space craft and be
tween the lunar module and the Network , with relay provided by the lunar 
module . 

The three relay modes were not demons trated because of  lack of time . 
The first is primary for voi ce between the lunar module and command mod
ule during the lunar stay . If this mode could not be use d ,  voice com
municat ions between the two vehicles would be limited t o  times when the 
command module was above the lunar module hori zon . 

The s econd and third relay modes are primarily intended for the con
tingency loss of S-band voi ce communi cations between the lunar module and 
the Network . 



Number 

Sl . 39 

s 6 . 9  

8 7 . 26 

P1l . 15 

811 . 17 

812 . 6  

812 . 8  

812 . 9  

812 . 10 

Sl3.l3 

813.14 

P16.10 

816.12 

P16 . 1 4 

816 .15 

816.17 

820 . 46 

P20 . 66 

820.77 

P20 . 78 

820 . 79 

820 . 80 

820 .82 

820 .83 

820 . 86 

P20.91 

820 . 95 

820.117 

P20 .121 

TABLE 13-I . - DETAILED TEST OBJEcriVES 

Description 

Midcourse navigat ion/star-ltmar landmark 

Command and service module high gain antenna reflectivity 

Space environment thermal control 

Primary guidance ,  undecked ,  descent propulsion performance 

Lunar module inertial measurement unit performance 

Abort guidance performance 

Abort guidance/control electronics attitude/translation control 

Unmanned abort gui dance-controlled ascent propulsion firing 

Abort guidance rendezvous evaluation 

Long duration , unmanned ascent propuls ion firing 

Lunar module supercritical helium 

LQ�ar module ste erable antenna 

Lunar module omni antennas , lunar distance 

Landing radar test 

Rendezvous radar performance 

Relay modes , voice/telemetry 

Transpos ition/docking/lunar module ejection 

Crew activities , lunar distance 

VHF ranging 

Ccmmand and service module/lunar module rendezvous capab ility 

Passive thermal control modes 

Ground support , lunar distance 

Primary guidance/abort guidance monitoring 

Lunar module consumables , lunar orbit 

Lunar orbit visibility 

Lunar landing site determinat ion 

Midcourse correction capability 

Lunar orbit insertio� 

Lunar orbit determination 

Functional tests added and accomplished during the mission : 

1 Color television - translunar , lunar orb i t ,  and trans earth 

2 Command and service module high gain antenna automat i c  reacqui sition 
test - translunar 

3 Command and service module high gain antenna automat i c  reacquisition/ 
omni D test - trans earth 

4 Midcourse navigat ion/star-earth horizon - transea.rth 

5 Four sets of minimum sun elevation constraint tests 

6 Photography - descent strips , stereo strips , oblique s ,  and terminator-to-
terminator sequences 

7 Tests of lunar module guidance and reaction control systems after 
ascent engine firing to depletion 

13-3 

Primary 
objectives Completed 
supported 

1 Yes 

1 Yes 

1 ,  2 Yes 

1 Yes 

1 ,  2 Yes 

1 Yes 

1 Yes 

1 Yes 

1 Yes 

1 Yes 

2 Yes 

l, 2 Partially 

1 ,  2 Yes 

1 ,  2 Yes 

1 Yes 

1 ,  2 Partially 

1 Yes 

1 Yes 

1 Yes 

1 Yes 

1 Yes 

1 Yes 

1 Yes 

1 ,  2 Yes 

1 ,  2 Yes 

1 Yes 

1 Yes 

1 Yes 

1 Yes 
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14 . 0  LAUNCH VEHICLE SUMMARY 

Apollo 10 was the third manned flight using a Saturn V launch vehicle 
( AS-505 )  and was the fi fth in a series of Saturn V launches . All maj or 
flight object ives were accomplished. Ground system performance was s atis
factory , and all problems encountered during countdown were res olved.  The 
space vehicle was launched on an azimuth of 90 degrees east  of north ; then 
after 13 seconds of vert ical flight , the vehicle began to roll into a 
flight azimuth of about 72 degrees e as t  of north . All traj ectory parame 
ters were near nominal . At trans lunar injection , the tot al space-fixed 
velocity was 7 . 84 ft / s ec less  than nominal . 

All S-IC propulsion systems performed s atis factorily . In the period 
from 35 to 38 s econds after lift-off , the average engine thrust , reduced 
to standard conditions , was 0 . 2  percent lower than predicted. The S-II 
propuls ion system performed s atis factorily , and becaus e of center-engine 
low fre�uency os cillations during the Apollo 8 and 9 missions , the center 
engine was shut down early to avoid thes e oscillations . The J-2 engine 
in the S-IVB stage operated s at is factori ly throughout the operati onal 
phas e of the first and second firings , and both shutdowns were normal . 
The continuous vent system ade�uately regulated pressure in the li�uid 
hydrogen tank during the earth parking orbit , and the oxygen/hydrogen 
burner s atisfactorily repres suri zed the li�uid hydrogen tank for restart . 
Repressurizat i on of the liquid oxygen t ank was not required.  

A helium leak was noted in module 1 of the auxiliary propuls ion sys
tem at 6 . 5  hours . The leak pers isted until los s of dat a at 10 . 9  hours ; 
however , system performance was nominal . The hydrauli c systems performed 
sat is factorily on the S-IC and S-II stages , and during the first S-IVB 
firing and coast phas e ,  all parameters remained within specification 
limits . During the s econd S-IVB firing and trans lunar coas t ,  the output 
pressure of the S-IVB engine -driven hydraulic  pump exceede d  the normal 
3635 psi by 3 percent . In respons e ,  the auxiliary pump feathered to no
flow , and the auxiliary pump current dropped to 21 amperes .  Subse�uently , 
the current dropped unexpectedly to 19 amperes and remained at that level 
during the 4-second interval after shutdown when it should have been 40 to 
70 amperes .  However , neither problem affected overall performance . 

The structural loads and dynamic environments were well within the 
launch-vehi cle structural capability . During powered flight , there was 
no evidence of the coupled structure /propuls ion system instability noted 
in previous miss ions . The early shutdown of the S-II stage center engine 
success fUlly eliminat e d  the low fre�uency os cillation experienced during 
Apollo 9 .  During the S-IVB first and s econd firings , very mild low fre
�uency ( 12 to 19 Hz ) oscillations were experienced , with a recorded max
imum amplitude of ±0 . 25g peak to peak .  Engineering analyses have shown 
that the 12- to 19-Hz fre�uency is  consistent with the uncoupled thrust 
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o s c i llat i ons from the J-2 engine . During the las t 70 s econds of the 

second S-IVB firing , the c rew al s o  ob s erve d higher freque ncy ( 46 Hz ) o s 

cillations s uperimpos ed o n  t h e  low frequency os c i llations , b ut these 

were well within s tructural des ign capab i lity . Thi s  frequen cy i s  con

s i s tent with the o s c i llations produced by cycling of the hydrogen t ank 

non-propulsive vent valve s . 

The guidan c e  and control sys tem funct ioned s at i s factorily throughout 

the fligh t .  After t r an s lun ar inj e ct i on , att i tude control was mai nt ained 

for the propellant dump s and a planned chill down experiment . The as cent 

sys tem propellants were not depleted by the las t ullage maneuver , there

fore att i tude control was maintaine d until the b atteries were exhaus te d .  

The comman d and commun i c at i ons sys tem i n  t h e  ins trument unit per

forme d s at i s fact orily except that between 06 : 40 : 51 to 06 : 5 8 : 16 ,  the down

link s i gnal strength dropped sharply . The caus e o f  the drop i s  s uspected 

to b e  a malfun ct i on in the di recti onal antenna system. 

The vehicle internal , external , and bas e region pre s s ure environ

ments were generally in good agre ement with the predictions and compared 

well with dat a from previ ous flights . The pressure environment was well 

within des ign levels . The me as ured acous t i c levels were generally i n  

good agre ement with t h e  li ft -off an d  i nflight predictions and with data 

from previ ous flight s .  
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15 . 0  ANOMALY SUMMARY 

This section contains a dis cussion of the s ignifi cant anomalies . 
The dis cussion of these  items is divided into three maj or areas : command 
and service modules , lunar module , and government-furnished equipment . 

15 . 1  COMMAND AND SERVICE MODULES 

15 . 1 . 1  Ruptured Burst Dis c  in Reaction Control System 

When the propellant isolation valves in command module reaction con
trol system B were opened about 10 hours prior to launch , the helium 
mani fold pressure dropped from 44 to 37 ps i a .  A pressure drop of this 
magnitude would be expected if the oxidizer burst dis c  was ruptured ,  
allowing oxidi zer t o  flow from the tank into the oxidizer manifold . 

The isolation valve and the burst dis c are redundant devices ; there
fore , a decision was made to proceed with the launch even though the dis c 
was rupture d .  The isolation valves were closed after orbital insertion . 
The engine valves were then opened by means of the reaction control heater 
circuits , and the oxidizer was vente d  from the manifold for 25 minutes . 
Afterward , the helium manifold pressure remained at 37 ps ia except for 
changes caused by thermal effects . When the isolation valves were opened 
just prior to system activation for entry , the helium manifold pressure 
dropped from 37 to 25 psi a ,  confirming that the venting procedure had 
been effective and that the manifold was empty . 

After the mission , the oxidizer and fuel burst dis cs were simi lar 
in physical appearance , indicating that the oxidizer burst dis c  had faile d 
because of pressure . 

Caution notes have been added to the prelaunch checkout procedures 
in the places where the allowable limits on the burst disc ( 241 ±16 psid 
in the flow direction and 10 psid in  the reverse direction ) could be ex
ceede d .  To allow early detection of any s imilar problem in the future , a. 
leak check of the burst dis c  has been added after reaction control sys
t em propellant servicing . 

This anomaly is  close d .  
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15 . 1 . 2  Reaction Control System Helium Leak 

The helium manifold pressure in command module reaction control sys
tem A began to decay at a rate of 0 . 13 psi /hr following helium servicing 
3-l/2 days prior to launch . After 2-l/2 days , the pressure had dropped 
from 45 to 37 psi a .  The pressure in the helium mani folds between the 
propellant tanks and the check valves was checke d ;  the oxidizer side was 
at the initial pressure , but the fuel side was low. Neither a helium leak 
nor a fuel leak could be detected ; however , a fuel leak of sufficient 
magnitude to cause the pressure drop would have been dis covered .  The 
conclusion was , therefore , that the low pressure helium mani fold in the 
fuel leg was leaking slightly but at a rate acceptable for the mission .  
The system was then repressurized to 49 psi a .  

Figure 15-1 shows the system pres sures for both the prelaunch and mis
sion periods . The leak rate decreased as the mission progressed , reaching 
0 . 0 4  ps i/hr by the end of the mission . Only part of this decrease re
sulted from the reduced system pressure ; thus , the leak corrected itself 
to s ome extent and/or the characteristics of the helium changed as it 
became diluted by propellant permeating the bladder . 

Postflight testing of the command module included a very thorough 
mass spectrometer leak check on system A ,  at both 50 and 285 psig . No 
leaks were detected ; however , during the postflight decontamination pro
cedures , certain types of leaks could be eliminated. 

For future mis s i ons , the system will be pressurized to 100 psi a  
about 30 days prior t o  flight to  insure that any leaks can b e  detected 
and appropriate corrective action taken prior to start of the launch 
countdown . 

This anomaly is closed. 

15 . 1 . 3  Rendezvous Radar Transponder Failed to Operate 

At 98 : 51 : 54 ,  following undocking , the rendezvous radar transponder 
in the command module would not operate . An earlier self-test had been 
conducted s uc ces s fully . The Command Module Pilot checked the circuit 
breaker and initiated the self-test ; all readings were zero . The three
position PWR-OFF-HEATER switch was cycled to OFF and back to PWR . The 
transponder then worked properly for the remainder of its use .  

During postflight tests of the switch and wiring , no anomalous con
ditions were uncovered. The switch was removed from the panel and dis
assembled. No contamination was found nor were any improper tolerances 
discovered.  
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The only remaining pos sibilities are an intermittent failure in the 
s ervice module wiring , the rendezvous radar power control box , or the 
transponder itself, or an improper switch configuration in the command 
module . 

This anomaly is closed. 

15 . 1 . 4  Primary Evaporator Dryout 

The primary evaporator in the environmental control system began 
ope ration soon after lift-off but dried out after only a few minutes . 
The secondary cooling system was activated and functioned nominally . 
The primary evaporator was deactivated and was not reservi ced with water 
until just prior to lunar orbit ins ertion .  It dried out again during 
the second lunar orbit . Just prior to entry , the evaporator was servi ced 
again .  During entry , it functioned normally , but information is not avail
able to indicate whether or not additional water was automatically pro
vided to the evaporator . 

Thi s evaporator had dried out once during altitude chamber tests at 
the launch site , and the caus e was not determined. During later tests , 
the evaporat or functioned satisfactorily . 

After the mis sion ,  the spacecraft wiring and control circuits were 
checked. Continuity and resistance measurements were normal . Further 
tests of the system duplicated the inflight condition and revealed that 
the water control circuit operated intermittently . When a microswitch 
in this circuit opens , the wat er s ection of the environmental temperature 
control unit is activated and begins to supply water to the evaporator 
on demand ( fig .  15-2 ) .  

A check of the switch as sembly revealed that the actuator moved as 
little as 0 . 0008 inch beyond the point at which the switch should have 
opened.  With changes in  environment , the actuator travel was at times 
not suffi ci ent to open the switch . Actuator rigging procedures will be 
modifi ed to as sure proper overtrave l .  

This anomaly i s  clo s ed.  

15 . 1 . 5  VHF Simplex-A Did Not Operate 

Twice during revolution 10 , t ransmissions from the lunar module on 
VHF simplex-A were not received in the command module . 
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At 94 hours 46 minutes , the Commander attempted a transmission on 
s implex-A ; however , the circuit breaker supplying power for the keying 
relay was open , rendering VHF s implex-A inoperative . 

Transmission on simplex-A was attempted again at 95 hours 16 minutes . 
A check of switch pos itions for both spacecraft was performed .  Both lunar 
module crewmen attempted unsuccess fully to transmit on s implex-A . The 
Commander then tried s implex-B with no success ; however , his simplex-B 
switch had been left in the "receive "  pos ition from the previous check , 
and he could not transmit at that time . The Commander then switche d to 
"transmit /receive"  and s implex-B performed s atis factorily . With the 
press of time , the crew decided to use s implex-B . However ,  during the 
backside pass of revolution 11 , VHF s implex-A was tried again , and it 
performed s atis factorily . The "A" transmitter was used for both voice 
and ranging for the remainder of the flight . 

The most probable cause for the apparent failures of VHF simplex-A 
was that because of the numerous switch configuration changes in both 
vehicles , the two were not configured s imultaneous ly for communications 
on s implex-A. 

This anomaly is closed . 

15 . 1 . 6  Stabilizer Not Stowed Prior to Launch 

The stabili zer , whi ch maintains couch pos itioning when the foot strut 
of the center couch is removed ,  was connected during the launch ( fi g .  15-3 ) . 
The stabili zer should have been in the stowed position to allow stroking 
of the couch struts for an abort landing . The crew properly stowed the 
stabilizer prior to entry . 

A specific mandatory inspection point has been added to the pre
ingress checklist for subsequent missions . 

This anomaly is closed.  

15 . 1 . 7  Failure of Fuel Cell Pump Package 

At 120 hours 47 minutes , a short circuit in the ac pump package of 
fuel cell 1 caused the associated circuit breaker to trip . Fuel cell 1 
performance was normal up to that time . Figure 15-4 shows the observed 
current and voltage variations . The breaker could not be reset ; there
fore , fuel cell 1 was removed from the bus because both the hydrogen and 
the coolant pumps were inoperative . The fuel cell was thereafter placed 
on the bus only when the skin temperature decreased to 370° F ;  thi s  pro
cedure kept the fuel cell operat ive . 
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Circuit analysis and inverter testing indicated that the failure 
was a phas e-to-phase short either in the hydrogen pump or in the glycol 
pump . Glycol pumps , which have canned stators , have never failed elec
trically . 

Failures of this nature have been observed on hydrogen pumps during 
endurance testing under normal operating temperatures ;  Of fifteen devel
opment power plants that exhibited an insulation res istance eQual to or 
less than the Apollo 10 unit , six had shorts in the hydrogen pump stator 
windings . Four of these six were phase-to-phase , and the other two were 
phase-to-ground . This kind of failure is caused by the hot , moist hydro
gen flowing across the windings ; the insulation is degraded and phase-to
phase shorts result . In these tests , no stator failed in less than 
1000 hours , and the maximum time to failure was 3960 hours . The unit 
flown on Apollo 10 had operated approximately 300 hours . 

Except for a maj or redes ign of the hydrogen pump , no procedural or 
design changes have been identi fied which would further improve the reli
abi lity of the hydrogen pump . 

The most probable cause of the phase-to-phas e  short was a breakdown 
in the insulat ion within the hydrogen pump . The basic design leads to a 
limited li fe of the motors . 

This anomaly is closed.  

15 . 1 . 8  Hydrogen Purge Flow and Pressure Excursion 

At 166 hours 49 minutes , the skin temperature of fuel cell l was 
420° F ,  and a continuous hydrogen purge was initiated to reduce the con
centration of water in the electrolyte . Three hours later , the fuel cell 
was sufficiently dry and hot , the purge was terminated , and the heater 
for the hydrogen vent line was turned off . However , hydrogen flow to 
the fuel cell decayed very slowly ( fi g .  15-5 ) .  Normally , flow decays to 
zero in less than l minute . The purge valve was reopened , and the flmr 
r.ate increased to the upper limit , indicating that the purge valve was 
functioning . The valve was closed again but the flow decrease was still 
very slow .  As the flow rate was approaching zero after about 30 minutes , 
the regulated hydrogen pressure for the fuel cell began to increas e , 
reaching a maximum of 72 psi a  before slowly decaying to the normal 62 ps i a .  

As shown i n  figure 15-6 , the regulator operation depends on a regul
ated nitrogen reference pressure . The nitrogen pressure did not change 
during the hydrogen pressure excursi on , nor did the regulated oxygen pres-
sure , eliminating the possibility of a reference pressure change . 
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In tests s imulating the flight conditions , the regulator temperature 
reached minus 23° F in 5 minutes and minus 100° F in 15 minutes during 
cryogenic hydrogen purges . Below minus 10° F ,  the regulator vent and 
supply valves leak because the seal stiffens and does not conform to the 
seat . Further , testing has shown that i f  the vent is blocked under low
temperature conditions , regulated pressure rises approximately 10 psi a .  
Proper sealing i s  restored when the regulator temperature increases t o  
minus 10° F .  

These test results demonstrate that the extended hydrogen purge in 
flight created low temperatures on the regulator ; the consequent regu
lator leakage explains the continued flow . With the heater off , the 
vent line became blocked , leading to the increase in regulated hydrogen 
pres sure . 

For future mis sions , extended hydrogen purging from cryogeni c  tanks 
will not be performed .  For a greater margin of operational assurance , 
the vent line heater will be left on for 10 minutes after termination of 
a hydrogen purge . This change has been incorporated into the Apollo 
Operations Handbook . 

This anomaly is close d .  

15 . 1 . 9  Failure o f  Hydrogen Automatic Pressure Control 

During the 3-hour purge of fuel cell 1 ,  the automati c  pressure con
trol system was believed to have failed twice to turn the hydrogen tank 
heaters off ( fig .  15-7 ) . After 170-1/2 hours , the heaters were switched 
on and off manually . 

For automati c  operat ion , the pressure switches in both tanks must 
close in order to actuat e  the heaters , but only one pressure switch must 
open to deactivate them ( fig .  15-8 ) . As shown in figure 15-7 , the heat ers 
in t ank 1 were in AUTO and those in tank 2 were in OFF before the purge 
was started.  Also , the pressure switch for tank 1 was open and for 
t ank 2 was close d .  Shortly after the purge was started , the heaters i n  
tank 1 were switched to OFF and in tank 2 t o  AUTO ; this change was made 
to balance the quantity in the two tanks . After 5 minutes of purging , 
the pressure switch in tank 1 closed at 236 psi a ,  activating the heaters 
in tank 2 and affecting pressures in the manner expecte d .  Since the 
pressure in tank 1 continued to drop and a master alarm was receive d ,  the 
heaters in tank 1 were turned to AUTO . As shown in figure 15-7 , the pres
sures were at a maximum of 8 psi a  above the switching level when the 
heaters were manually turned off . 

During testing under conditions s imulating the extended purge , the 
output of the pressure transducer drifted upward 5 to 7 ps i when the 
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temperature dropped as low as minus 140° F ,  This kind of performance can 
be expecte d ,  s ince the transducer i s  temperature-compensated only to 
minus 20° F.  During calibration tests , a hydrogen pressure transducer 
cold-soaked at minus 94° F drifted upward 3 . 9  psi at 260 psia and down
ward 80 psi at 350 ps i a .  

The transducers on Apollo 1 0  were s ubj ected t o  temperatures between 
minus 100° and minus 140° F during the extended purge ; the transducer 
output drifted upward and created an apparent los s  of automati c  pres sure 
control . Long-duration purges will not be performe d on future flights . 
The Apollo Operations Handbook has been change d appropriately . 

This anomaly i s  clos ed. 

15 . 1 . 10 Gyro Display Coupler Dri ft 

The gyro display coupler was reported to drift excessively in  roll 
and yaw ( approximately 5 degrees in 20 minutes ) .  Attitudes di splayed by 
the gyro display coupler and the i nert i al measurement unit were compared 
after earth orbital insert ion , indicat i ng differences of les s  than 
0 .1 degree in  all axes . These values and crew comments indicate proper 
performance early in the mis s ion . 

A s impli fi ed b lock diagram of the stab i li zat i on and control system 
showing the functions of the gyro display coupler and the spacecraft con
trol loops is shown in figure 15-9 . One of the two gyro as semb lies provides 
only rate information and is normally used to drive the gyro di splay 
coupler . The other gyro assembly can provide either rate or attitude 
error , at crew option , and can be sele cted to drive the gyro di splay 
coupler . 

The Apollo 10 gyro display coupler was driven by both gyro as semblies , 
and the crew reported s imilar indi cations from each , therefore isolating 
the caus e of the dri ft to the gyro display couple r .  

The specifi c ation for the gyro display coupler contains allowable 
att i tude di splay deviations for att itude and t rans lati on maneuvers , for 
as cent , and for ent·ry . It does not contain an allowab le value for 
long-term constant att itude drift . A value of 10 deg/hour i s  cons idered 
reasonab le for the system.  

The gyro display coupler doe s not directly control any spacecraft 
maneuvers . If the inertial measurement unit in  the primary guidance sys
t em fails , the crew can manually maneuver to the desired inertial attitude 
and then allow the stabili zation and control system to automat ically main
t ain att itude . To minimi ze dri ft effect when the gyro display coupler i s  
t o  b e  used for a maneuver ,  it  should b e  aligned as near in  time to the 
maneuver as is pract i cable . 
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The two gyro as sembli es and the gyro display coupler were removed 
from the spacecraft and returned to  the vendor for individual acceptance 
tests and a system tes t . 

All three units pas s ed indivi dual tests with no dis crepancies which 
could have caus ed the reported inflight performance . The gyro di splay 
coupler was then operated alone .with the i nput s  set at zero . Drift rates 
were 2 ,  4 ,  and l deg/hr for pitch , yaw ,  and roll , respectively . A gyro 
package was then connected,  and the system was operated on a test stand.  
Under qui es cent operat i on ,  with gyro i nput s , the performanc e  was the 
same as that recorded above . Finally , a run was made simulating pas sive 
thermal control in which a 20  deg/hr roll rat e  was i ntroduced .  The 
drift s  recorded were 5 . 1  and 5 . 0  deg/hr for pitch and yaw ,  respectively . 
The dri ft rates experi enced duri ng these tests are not i ndi cat ive of the 
performance report e d  i nflight . It is possible , becaus e no attempt was 
made to accurately measure dri ft , that the actual divergence of the 
att itude indicator was not as rapid as it appeared.  

This anomaly is  closed.  

l5 . l . ll Dat a Storage Equipment 

The dat a s torage equipment experi enced los s of data three times 
duri ng entry , which result ed in a los s of approximately 33 se conds of 
recorded PCM dat a  and 2 seconds of recorded voi ce dat a .  

Testing of the recorder has revealed that an outside-to-inside pre s 
sure different ial o f  2 . 25 ps i is  sufficient to deform the cover , caus ing 
it to contact the t ape reels ( fig . l5-l0 ) .  

The recorder vent valve is  specified to operate at 2 . 0  ±0 . 5  psi  
di fferent ial pres sure . Acceptance test dat a on the Apollo lO vent valve 
shows a cracking pres sure of 2 . 40 ps id .  However , this  pressure deformed 
the cover suffi ciently to contact the reel and s low i t .  

An in-line change will b e  implemented t o  select valves that crack 
on the low side of the speci fi c ation to insure no recurrence of this 
problem. 

This anomaly is  clos ed.  

15 . 1 . 12 Intermittent Scribing of Entry Monitor 

The stylus of the entry monitor s topped s cribing while the s croll 
was being driven to the entry pattern following a succes sful completion 
o f  the pre-entry tests . The s croll was slewed back and forth , and the 
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stylus began to cut through the emulsion on the s croll . The trace of 
acceleration versus velocity was normal throughout entry . 

The emulsion us ed on the s croll film is a latex rubber/ s oap base . 
The formulation of the soap , which was commercially procured ,  was re cent
ly changed , with uri c  aci d  being added.  This addition tends to cause the 
emuls ion to harden by a chemical reaction with the gelatinous film on the 
Mylar scroll . 

No change will be made for Apollo ll or 12 ; however , for sub sequent 
vehicles , either the scroll emuls ion b ase  will be made usi ng the original
ly formulated soap or pres sure-sens itive s croll coat i ng which was recently 
quali fi ed will be us ed for the s croll . 

This anomaly i s  clos ed. 

15 . 1 . 13 Failure of Recovery Beacon Antenna to Deploy 

The VHF recovery beacon antenna did not properly deploy . Re covery 
photographs show that the radi ati ng element and three ground-plane radials 
were not properly deployed. However ,  RF s ignals from the beacon were 
received by the re covery forces .  

The antenna did not· deploy because one radial was caught under the 
outboard edge of the ramp shown in figure 15-ll . 

No change is required for Apollo ll ; however , an engineering study 
has been initiated to consider modifi cation of the ramp . 

This anomaly i s  clos ed.  

15 . 1 . 14 Water Problems 

During the initial phas es of the flight , the crew stated that the 
ground-s erviced potab le water contained gas . The t ank i s  servi ced with 
non-deaerated water , which is forced into the system by nitrogen at ap
proximately 20 psia.  When the water , which was s aturated with gas at 
20 ps ia , is drawn from the tank into the cabin at 5 psia , some gas is 
released from solut ion but remains mixed with the water . 

The us e of deaerated water would not s igni fi cantly decrease the gas 
concentration be caus e the water would become saturated with oxygen through 
the permeable bladder within 3 to 4 days . Consequently , there would be no 
advantage to us ing deaerat ed wat er .  
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As was experienced on earlier flights , the fuel cell water contained 
hydrogen. 

To alleviate the problems , a two-compartment bag with a h andle for 
whirling the b ag i n  a circular motion was provided ( fi g .  15-12 ) .  This 
bag had been developed rapidly with insuffi cient time for a complete test 
program. It did not function as intended i n  flight . 

A membrane devi ce ( fi g .  15-13 ) ,  which att aches to the exit port of 
the water gun and allows the gas to pas s into the cab i n ,  will be used 
on future missions . 

This anomaly is closed . 

15 . 1 . 15 Low Pressure From Water Gun 

For ab out 2 hours on the seventh d� of th e flight , the flow from 
the command module water dispenser appeared to be les s  than normal . An 
0 . 03-inch orifice within the dispenser normally limits flow to approxi
mately 6 c c /sec ( see fig . 15-14 ) .  A reduction in flow at the food prep
aration panel could not be veri fi ed. The driving force for the water is 
oxygen at 20 ps i a ,  and this pressure was normal . Also ,  the crew reported 
that the hos e was not kinked . 

The gun and hos e were back-flushed and a parti culate count t aken . 
No particles over 500 microns were found . In the range of 100 to 
500 microns , 316 parti cles were found. The interior of the gun contained 
about 1 milligram of a lub ricant with s ilicon dioxide . The only lubri
cant containing s ilicon dioxide us ed in the water system is used on 0 -ring 
seals in  the quick dis connect . The lubri cant i s  the most likely suspect 
for the clogging. 

Proces sing specifi cations are being reviewed to as sure that excess 
lubricant is not us ed.  Should the gun become clogged in flight , several 
alternat ives are available for drinking water . Two guns are carried 
aboard the lunar module and could be us ed.  Also , water i s  available at 
the food preparation panel of the command module , as well as at the fire
fighting nozzle on the gun ( the nozzle is upstream of the metering ori 
fice ) . 

This anomaly i s  clos ed. 

15 . 1 . 16 Tunnel Would Not Vent 

The pres sure in the tunnel between the command module and the lunar 
module could not be lowered to ambient pressure through the tunnel vent 
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Postflight inspection of the vent system revealed that an in
fitting had been installed on the vent ( fig .  15-15 ) .  The proper 

specified in the installation procedures . 

For Apollo ll and subsequent flights , an end-to-end test will be 
performed to verify the system . On Apollo 10 , this test had been waived.  

This anomaly is closed.  

15 . 1 . 17 Thermal Coating on Forward Hatch Flaked Off 

When the lunar module cabin was first pressurized the thermal coat
ing on the command module hatch came off in pieces . The insulation blan
ket vent holes were plugged , producing the damage ( fi g .  15-16 ) .  One pos
sibility is that the preflight baking of the hatch at 900° F for 15 hours 
weakened the insulation to the extent that internal pieces of insulation 
broke loose and plugged the holes during tunnel depressurization . Another 
possibility is that the vent holes were inadvertently sealed when the in
sulation blanket was potted with RTV or when the H-film tape was installed 
on the hatch surface . 

Post flight examination of the forward hatch has shown that no insu
lation remained after entry . This condition probably existed in lunar 
orbit and explains the water condensation observed on the hatch mechan
isms and adj acent structure in lunar orbit and the ice formed during 
transearth flight . 

On the Apollo ll command module , the insulation has been deleted 
because of the effects noted and because a reevaluation of thermal condi
tions has shown that the insulation is not necessary . However , to mini
mize condensation ,  a single layer of H-film tape has been applied over 
the exterior surface of the hatch ablator .  Some water and ice can be 
expected on Apollo ll but to a lesser degree than observed on Apollo 10 . 

This anomaly is closed.  

15 . 1 . 18 Launch Vehicle Engine Warning Annunciator 

During spacecraft testing prior to launch , the launch vehicle engine 
warning indicators operated intermittently . The indicator for each of 
the .five engines has two redundant miniature lamps , and one lamp in four 
of the indicators was intermittent . 

Post flight , only three of the four lamps were intermittent . The 
annunciator was removed from the spacecraft and disassembled. On six of 
the ten lamps , including the four intermittent ones , cold-solder j oints 
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were found where the lamp lead was attached to the printed circuit board 
( fi g .  15-17 ) .  The cold-solder j oint would have caused intermittent lamp 
operation . 

There are also three other status lights in each annunciator : 
launch vehicle overrate , S-II separation , and launch vehicle guidance 
fail . The six bulbs in these lights were not intermittent prior to 
launch nor were any faults found in them during postflight examination . 

The units for Apollo 11 and subsequent vehicles have been screened , 
whereas the Apollo 10 unit had not been . 

This anomaly is close d .  

15 . 1 . 19 Digital Event Timer Miscounts 

The digital event timer on panel 1 advanced a total of 2 minutes 
during the countdown for first midcourse correction . At other times , 
the tens of seconds failed to advance . 

The increments of time are electrically advanced through a circuit 
activated when a conductor segment contacts a brush in each revolution 
of the units wheel . 

The tens of seconds problem was duplicated post flight in the count
up and the countdown modes . Inspection dis closed that the units wheel 
had been rubbed by the motor gear ; paint had flaked and contaminated the 
units tab and brush assembly ( see fig . 15-18 ) . Contamination between the 
t ab and brush would have prevented electri cal contact . 

The 2-minute jump was not duplicated,  and no condition was found in 
the timer that could have produced the jump . Since this timer is sens i
tive to electrical nois e ,  the most  probable cause was a spurious noise 
input . 

A screening test has been developed for the t imers installed in 
future spacecraft ; however , the capability of the test to isolate unre
liab le timers has not yet been proven . 

This anomaly is closed.  
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15 . 1 . 20 Docking Ring Charge Holder 

The minus Y charge holder ring was not captured by the retention 
springs , while the plus Y holder was captured ( fig . 15-19 ) .  Although the 
holder was not captured ,  it remained in a position above the groove , 
resting on top of the springs within a nonhazardous envelope area. 

Even though the two charge holder segments are restrained at one end ,  
there is a remote possibility o f  a free charge holder damaging the fabri c 
components of the earth landing system . As a result of one of the holders 
on Apollo 9 coming from the groove and being in the hazardous envelope , 
four spring retention devices were installed on Apollo 10 to increase the 
probability of capturing the charge holders . 

A marginal situation existed on Apollo 10 since two of the springs 
captured and the other two did not . A mathematical analysis indicates 
that pressure in the tunnel area will make the ring follow the tunne l .  
Although the pressure was worse on Apollo 10 than i t  will be for a nor
mal separation , the math model itself does not indicate that the s itua
tion will be markedly improved .  Testing without any pressure in the 
tunnel has shown that the springs will work . 

Based on the Apollo 10 flight experience , ground tests , and analyt
i c al results , there is still a probability that the springs will not 
capture . The probability of capture may be higher on Apollo ll than it 
was on Apollo 10 . In any event , the risk of a catastrophi c failure is 
extremely small . The charge holders are unlikely to  detach completely 
and , therefore , cannot cause major damage to the parachutes . The possi
bility of abrasion of a riser line exists ; but , based on analysis and 
the experience of Apollo 9 and Apollo 10 , this also is small . 

On in-line vehicles , a better means of retaining the charge holder 
is being studied.  

This anomaly is closed.  

15 . 1 . 21 Fuel Cell 2 Exit Temperature Oscillations 

At 134 hours , the crew reported that the condenser exit temperature 
on fuel cell 2 had been cycling between 149° and 168° F at the rate of 
2 cycles /minute for 30 to 40 minutes while the spacecraft was behind the 
moon and that the caution and warning alarm for low temperature had been 
triggered about every tenth cycle . Figure 15-20 shows typical oscilla
tions which were noted during five occasions in lunar orbit . The maxi
mum amplitude of  the os cillat ions in  temperature was about 20° F .  
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Prior to and after the series of temperature oscillations , di sturb
ances  in the condenser exit temperature occurred throughout the flight , 
as typically shown in figures l5-2l and 15-22 . Flight results for 
Apollo 7 ,  8 ,  and 9 show disturb ances i n  condenser exit temperature simi 
lar to those on Apollo lO for one fuel cell in each flight . The time 
between recurrent disturbances was about 8 minutes during low current 
operation (less than 30 amperes ) and 4 minutes during two-fuel-cell oper
at ion ( greater than 30 amperes ) .  The two-fuel-cell operation was employed 
because of a pump circuit failure i n  one of the fuel cells ( see sect i on 
15 . 1 . 9 ) .  The dis turb ances excited oscillations when low radiator t emper
atures ( le s s  than 80° F )  and high current loads prevai led. Furthermore , 
the osc illations damped out for radiator temperatures greater than 
ll 5° F .  

Tests and system response analyses have confirmed that these os cil
lat ions can occur under conditions similar to those observed inflight . 
Thermal respons e analyses and test results are being s tudied to determine 
the mechanism for exciting thes e os cillat i ons . 

The ob serve d behavior , although abnormal , is  not detrimental to fuel 
cell component life or performance but does represent a nuis ance to the 
crew because the caution and warning must be reset manually . 

This anomaly is open.  

15 . 1 . 22 Left Hand Head Strut Lockout Handle 

Postflight , the left hand head s trut lockout handle was in the ready 
( locked) position . During lever force checks , it was determined that the 
lever spring did not have suffici ent force to prevent the hood from re
turning to the locked pos ition . Disas sembly showed that the spring had 
b een improperly installed . A review of manufacturing records indi cated 
that the locking mechanism had been modified and that no inspection or 
test had been performed subsequent to this modifi cation . 

A mandat ory inspect ion point has been added to the manufacturing 
proce s s  to as sure proper as sembly . The Apollo ll and l2 spacecraft at 
the launch site have been inspecte d .  

This anomaly i s  clos ed . 

15 . 1 . 23 Flashing Light Failure 

The re covery forces observed that the flashing light was operating 
while the spacecraft was descending on the main parachutes  but not after 
the spacecraft landed.  Postflight , the glas s tube which contains the 
flashing element was found to be cracked . The bulb assembly , part of the 
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flashing recovery beacon , was replaced , and the beacon operated properly . 
Further analysis i s  being performed.  

This anomaly is open , and an Anomaly Report will be publishe d .  

15 . 2  LUNAR MODULE 

15 . 2 .1 Gimbal Drive Actuator Fail Indi cat ion 

A mas ter alarm and as sociated engine pitch gimbal fail warning were 
received during the phas ing maneuver .  " Coasting , "  an uncommande d gimb al 
movement which result s when the spring-loaded brake fails to engage after 
removal of drive signals , had occurred during checkout of this gimb al .  A 
recurrence of the coasting , which i s  not detrimental , was not unexpected.  

The telemetry data indicate that the pitch and roll actuators both 
drove as expected.  The small number of thruster firings also  demonstrate 
that thrus t vector control was maintained us ing the actuators . During the 
maneuver , the gimbal fail was indicated at the t ime of a revers al in pitch 
gimbal motion . 

Because of the sample rate of the telemetry dat a ,  the t ime of the 
gimbal fail indication cannot be pre cisely establi shed , but the data en
compas s a period during which the gimbal command reversed ( fig . 15-23 ) .  
Thus , the coasting could have allowed gimbal movement for 0 . 25 second 
without a command ,  which caus es the fail indi cation . Figure 15-24 shows 
the des cent engine trim control failure detect i on logi c .  For Apollo 11 
and subsequent , the brake mechanism has been redesigned ,  and the allowable 
time for movement without command has been increase d  to 0 . 50 second. 

This anomaly is clos ed.  

15 . 2 . 2  Master Alarms During Phasing Maneuver 

The crew reported having received three master alarms during the 
des cent engine phasing maneuver ;  and the s econd alarm was as sociated with 
the gimbal drive actuator previously mentione d.  The first alarm was con
current with the engine-on command and a des cent propellant low quantity 
indication which went out when the master alarm was reset . 

The data ( see fig . 15-25 ) confirme d the first low-propellant and the 
pitch-trim alarms and as s ociated fail s ignals . In addition , the pro
pellant measurement on telemetry began indicating low-level 23 minutes 
before engine-on and it remained on throughout the firing . 

The low-level indication was believed to be caus ed by a gas bubble 
which , under zero gravity , could uncover the low-level s ensor. Once the 
low-level sensor is uncovered the indicator would have then electri cally 
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latched as shown by the telemetry dat a .  This condition had also been 
noted on Apollo 9 .  The low-level indi cation is not displayed to the crew 
until the engine firing circuit is enab led.  Since the low-level sens or 
was already lat che d ,  a master alarm and a caution and warning indication 
were received coincident with engine-on . As shown in figure 15-26 , once 
the low-level indi cator lat ches and engine-on occurs , the low-level light 
should remain on , even though the master alarm is res et . The low-level 
indicator can be res et by cycling the power switch for the gaging system; 
then , unless the indi cator is latched agai n ,  the master alarm should not 
re cur . 

The crew reported that when the mas ter alarm was res et , the caution 
and warning low-level indi cat i on also went out . As explained,  this should 
not have happene d .  

This condition was prob ably caused by an open-circuit downstream of 
the telemetry indication since the t elemetry showed low-level sensor "on "  
during the entire phas ing maneuver .  Recontact at the open would have act i
vated the master alarm and the caution and warning lights , as discus sed 
previously . Thus , the crew could have s een another master alarm caus ed 
by the low-level indication . The alarm could have been res et in less  than 
l secon d ;  and since the master alarm i s  sampled once per second,  this 
could account for not getting the master alarm indi cation .  

A tape playback from the lunar module recorder during this p eriod 
revealed two master alarm warning tones : one at engine on and the other 
coincident with the pitch trim fai l .  No warning tone was found for the 
second propellant low-level alarm . The tone circuit is in parallel with 
the master alarm system ; therefore , there is nothing common to b oth sys
tems whi ch could have caused both to malfunction .  Further , no malfunction 
of the master alarm system was apparent after the phas ing maneuver . 

The signal path between the signal conditioner buffer and the master 
alarm is shown in figure 15 -26 . One of the following failures in the s ig
nal path must have occurred intermittently : 

a .  Output circuit of the buffer which conditions the propellant low-
level signal or the one 1ihich conditions the engine-on signal 

b .  Connectors at these buffer outputs 

c .  Signal wiring 

d.  Caution and warning input connector 

e .  Caution and warning electronic  circuits . 

In summary , to sat i s fy  the crew observat ions , the failure was probably 
an intermittent wire , electroni cs circui t ,  or connector with an intermit
tent failure of the tone system during the second low-level indi cation . 

On Apollo 11 and subs equent , the des cent propellant low quantity 
alarm has been removed from the mas ter alarm ( see fig .  15-25 ) .  

This anomaly is closed.  
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15 . 2 . 3  S-Band Backup Voice  

During lunar revolution 13 , the backup downvoice received from the 
lunar module at the Mis sion Control Center was unus able because of low 
speech levels . Playback of the voice tape recorded at the Goldstone 
stat ion showed that excellent quality backup voi ce was recorded at the 
output of the demodulation syst em .  However ,  the speech levels on the 
Goldstone lunar module air-to-ground and Network 1 loops which interface 
with the lines to the Miss ion Control Center were extremely low . Inves
tigation showed that the only way the problem could be duplicated was by 
simultaneously remoting both normal and backup downvoice from Goldstone 
to the Mission Control Center . This is not a standard configuration . 
Thus , the investigation results indicate that the receipt of unusable 
backup voice was caused by an operator error within the Goldstone station . 

This anomaly is close d .  

15 . 2 . 4  S-Band Steerable Antenna 

During the beginning of revolution 13 , the S-band steerable antenna 
did not properly track . At acquisition of signal , the received signal 
strength at the ground station indicated near-boresight condition for 
the antenna . Over the next 13 minutes , the signal strength gradually 
decreased 20 dB .  A plot of expected signal strength ( fig .  15-27 ) ,  con
sidering spacecraft attitude changes and antenna gain patterns , showed 
that the antenna was not moving at this time . The antenna performed well 
both before and after this period . 

The poss ible causes for failure of the antenna to move were either 
that the servo system circuit was open or the antenna track-mode switch 
was in the SLEW or OFF position . 

The track-mode switch for the steerable antenna is a three-position 
switch ( down - SLEW ; center - OFF ; up - AUTO ) . The crew reported that 
the switch may have inadvertently been switched to OFF instead of to AUTO 
at the time acquis ition had been established . 

This anomaly is clos e d .  

15 . 2 . 5  Optical System Problems 

Three operational anomalies in use of the lunar module optical sys
tem were reported by the crew. These  problems are dis cussed in the fol
lowing paragraphs . 

Reticle contamination . - The crew reported hair-like obj ects on the 
reticle of the alignment optical telescope . Several mechanical clearances 
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in the teles cope can provide paths for contamination . The fixed redirec
tional mirror at the elbow of the telescope ( fi g .  15-28 ) has an air gap of 
0 . 00 5  to 0 . 007 inch to allow thermal expansion of the mirror .  Other pos
sible paths are located outside the cabin and would require that parti cles 
filter through lubricated bearings to reach the focal plane of the tele
s cope . Preflight records show that the telescope was assembled ,  teste d ,  
and stored i n  a Class 10 000 clean room (particle s i z e  allowable i s  
0 . 00001-inch diameter per 1 0  000 cubic feet of volume ) until installed in 
the vehicle . Once installed , covers were provided and the teles cope was 
inspected and cleaned periodically . The last cleaning was on the day 
before launch , and at that time , the field of view was not contaminated . 

The reticle may have been contaminated through the air gap at the 
redirectional mirror/telescope housing interface . Foreign particles 
could have been lodged and then released during lunar module dynami cs 
or during the pressuri zation/depressuri zation of the lunar module , and 
the reticle could have been contaminated by the breathing created through 
the telescope . 

This anomaly is  closed.  

Computer control and reticle dimmer . - The crew reported mechanical 
difficulty with the dimmer control of the computer control and reticle 
dirrrmer . The rheostat control knob ( thumbwheel ) would physically fall 
forward from the bright position to maximum brightness ,  thus requiring 
manual hold to maintain the dimmer control in position . The operation 
des cribed by the crew is normal . 

The thumbwheel operates a variable resistor through a shaft/cam 
mechanical interface ( fi g .  15-29 ) .  Frictional force generated by the arm 
of the microswitch is present from the fully counterclockwise  position 
( full dim) through 270 degrees of clockwise  rotation ( 80 percent bright
nes s ) .  The typical torque required to overcome the fri ctional force in 
the 270-degree sector is 1 . 5  inch-ounces . When the microswitch depresses 
into the 60-degree detent area of the cam , the frictional force decreases . 
Although the thumbwheel can rotate through an additional 60 degrees , ret
icle brightness is not changed ,  s ince the microswitch has bypassed poten
tiometer control of the circuit and has applied full voltage to the reticle 
lamps ( fi g .  15-29 ) . In the depressed area of the cam , any motion imparted 
to the thumbwheel will continue until the mechanical stops of the vari able 
resistor . are reached. This feature increases the reliability of the reti
cle lamp control by including a mechanical override that will assure reti
cle brightness if  an electrical component fails . 

This anomaly is close d .  
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Star disappearance . - The crew reported that at approximately six 
star diameters from the center of the reticle , stars disappeared from 
view . No imperfections existed in the reticle or other elements of the 
optical train that would cause the problem . However , the surface of 
the prism may have been contaminated ( such as a fingerprint smudge ) dur
ing final installation of the telescope sunshade . Contamination on the 
prism will not be in focus but could cause stars to disappear and light 
transmittance to vary . The LM-5 prism and reticle were cleaned and 
inspected when the sunshade was installed .  A Test Change Notice i s  being 
written to require a similar cleaning for subsequent vehicles . 

This anomaly is closed.  

15 . 2 . 6  Gas in Lunar Module Drinking Water 

The crew reported that the lunar module drinking water contained gas . 
The nitrogen used to pressuri ze the water system permeates the tank blad
der , and the water becomes saturated within 100 hours after servicing . 
As the absolute pressure is reduced the dissolved nitrogen is released.  
The first water withdrawn should have contained about 12 percent of gas . 
At staging , the mixture should have contained 6 . 3  percent nitrogen because 
of the reduced water tank pressure at that time . The water hose , water 
gun , and connecting plumbing were not serviced and this entrapped air 
would initially add to the problem. Prelaunch procedures have been changed 
to include servicing the water hose and connecting plumbing . 

On Apollo 9 ,  no significant gas was reported to be present . A bac
teria filter was installed in the drinking line . This filter allows only 
water to pass until it becomes loaded with gas , which increases the pres
sure drop across the filter and eventually causes a breakthrough of gas . 
The gas then "belches " out through the water nozzle . On Apollo 10 , the 
filter was not used.  

This anomaly is closed.  

15 . 2 . 7 Cabin Noise  

. The crew reported that the cabin was noisy , primarily because of  
the glycol pump . One of  the cabin fans was used for approximately 30 
minutes and was then turned off because it was not needed . Molded ear 
pieces provided significant attentuation of the pump sound but did not 
eliminate it . 

Tests were performed on Lunar Module 8 to verify the use of flex
ible hoses to isolate the pump from the tubing and act as an attenuator ; 
however , noise was only slightly reduced. Further modification to the 
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lunar module hardware does not appear practical . Therefore , ear plugs 
will be obtained for the crew to use during sleep periods . 

This anomaly is closed .  

15 . 2 . 8  Oxygen Purge System Heater Light 

During checkout of the Commander ' s  oxygen purge system , the heater 
light did not come on . Component and circuit analyses do not indicate 
a design defect . Also , components were vibration-tested to failure and 
the system was vibration tested using flight type brackets , but thes e  
tests did not duplicate the failure . 

Analyti cal studies had indicated that without the heaters , the mini
mum temperature of the gas at the helmet will be about minus 10° F .  Man
ned tests indicate that this temperature is accept able for comfort and 
that the heater is not nee ded.  In addition , without the heaters , no me
chani cal problems within the system were encountere d .  No hardware change 
is re�uired for Apollo 11 . 

This anomaly is closed . 

15 . 2 . 9  Loss of Recorded Data 

The dump of the lunar module low-bit-rate PCl\1 data recorded in the 
command module ceased abruptly at 99 : 38 : 52 .  The data should have con
tinued through the des cent orbit insertion maneuver at approximately 
99 : 46 : 00 . A review of the data from 99 : 35 : 10 to 99 : 38 : 52 veri fied that 
the command module was configured for VHF simplex-A voice and VHF s implex-B 
data.  The flight plan re�uired that the command module be reconfigured 
from this mode to VHF/Al\1 duplex-B/ranging at approximately 99 : 37 : 00 . 
Since the flight plan times were incorrect by approximately 12 minutes , 
the reconfiguration should have been at 99 : 49 : 00 . 

The annotated copy of the flight plan and associated timeline func
tions indicates that the command module was reconfigured from voice and 
data mode to ranging at approximately 99 : 38 : 00 .  The lunar module data 
were therefore , not recorded after that time . 

This anomaly is closed . 
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15 . 2 . 10 Yaw Rate Gyro Output Error 

The yaw rate gyro output differed from actual yaw rate during the 
50-second period b efore staging and s everal s ec onds after staging . Fig
ure 15-30 contains a time history of the di fferenc e between the rate gyro 
output and actual vehicle rate as computed from attitude data . No evi
dence of abnormal operation has b een found b efore or after this perio d .  
The rate gyro torquing test performed prior to  undocking was normal . 

The rate gyro is a spring-restrained,  s ingle-degree-of-freedom unit 
with the spring forc e b eing suppli ed by a t ors ion bar ( fi g .  15-31 ) .  The 
wheel ass embly i s  partially floated in a s ilicon damping flui d .  Damping 
is supplied by a paddle wheel which pumps fluid through a temperature
controlled orifice . Three gyros are mounted orthogonally · in a rigid 
block and placed in  the spacecraft such that each gyro input axis is 
paralled to  a spacec raft axis . 

Prior to  installation,  each gyro is subj ected to  acceptance tests 
(stiction and cros s coupling)  which exerc i s e  it well b eyond the rates 
normally experienced in flight . Onc e installed, polarity and electri cal 
torquing test s , using built-in test circuit s ,  are the only gyro checks 
performed .  

The electrical circuit s associat ed with the gyro have been analyzed 
and dis counted as a likely source of the problem. The gyro error could 
be reproduced by introducing a varying voltage into the torquing circ uit ; 
however , a reasonable source for s uch a voltage is not available . The 
output circuit was also examined and discounted becaus e of the improbable 
nature of the failures required to give a temporary phase shift in  the 
800 hert z output . 

A mechanical caus e of the trouble appears more likely , s inc e clear
anc es of 0 . 00 2  t o  0 . 003 inch exis t  b etween the float and cas e .  If a 
parti cle of contamination became lodged in this space , it  could caus e a 
temporary offset and could have b een removed during the high rates fol
lowing s taging. 

No gyro failures caus ed by contamination have occurred after accept
ance ;  however , eight rej ections associated with contamination have b een 
experienced by the vendor . One of thos e  occurred on this gyro during 
buildup when it failed a stict i on t es t .  The unit  was rebuilt but again 
failed because of a bellows leak . Finally , after a s ec ond rebuildi ng ,  it 
pas s ed ac ceptance .  Because of this history , the suspected malfuncti on 
i s  stict i on caused by contamination probably introduced during rebuilding . 

The history of the gyros on Apollo 11 was analyzed and found t o  have 
no discrepanc i es . 

This anomaly i s  closed.  
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15 . 2 . 11 Instrumentation Dis crepancies 

Chamber pressure switches . - Chamber pressure switches in the reac
tion control system failed clos ed.  Switch B3D failed closed during the 
initial hot-fire checkout . Shortly after undocking , switch B4U failed 
for approximately 2 hours , then later failed closed permanently . During 
the ascent propulsion firing to depletion , switch B2U failed closed for 
approximately 2 minutes , then recovered and operated properly . After 
the as cent propulsi on firing to depletion , switch A2D failed closed for 
13 seconds , and later , switch AlU became erratic . 

The B2U and A2D failures are unique , in that the switches closed 
without the presence of chamber pressure , whereas all the other failures 
were initiated by engine firings . The former failures occurred when the 
engine clusters reached high heat-soakback temperatures after the ex
tremely high firing activity as sociated with the ascent propuls ion firing . 

The failure mode for these  five switches is believed to be the s ame 
as that of one LM-3 unit and several others during ground testing . Par
ticulate contaminat ion and/or propellant res idue is  forced under the switch 
diaphragm by chamber pressure and holds the diaphragm deflected and the 
electrical contacts closed ( fi g .  15-32 ) .  The small stroke of the dia
phragm ( 0 . 007  inch ) and the low diaphragm restoring force generated by 
the return spring make the switch extremely sus ceptible to failure by 
contamination . 

Reaction control system performance was unaffected by these switch 
failures . The only conse quence was the loss of capability to detect an 
engine failed off. 

No corrective action for res olution of the chamber pres sure switch 
failures is planned .  

This anomaly i s  close d .  

Glycol temperature . - During the first manning , the water/glycol 
pump switch was in the pump 2 pos ition , and the indicated glycol tempera
ture was zero . At 94 hours , the selector switch was set to pump 1 ,  and 
the temperature reading was normal . 

The coolant pump switch is used to route either the primary or the 
secondary coolant temperature to the display . A jumper acros s the pump l 
and pump 2 contacts allows display of the primary temperature when the 
switch is in either position . Therefore , the most likely cause of the 
problem was a broken j umper or an incomplete contact in the pump 2 switch 
pos ition . 

This anomaly is  close d .  
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Reaction control mani fold pressures . - At 103 hours , the indicated 
fuel manifold pressure in reaction control system-A dropped from 181 to 
168 psia and then returned to 181 ps ia at 106-l/2 hours . At 108-l/2 hours , 
this measurement dropped to zero . Satis factory operation of the reaction 
control system indicates a measurement anomaly . The most probable cause 
of this anomaly is either a defective splice in the 26-gage wiring as soc
iated with the transducer or an intermittent connection internal to the 
transducer . 

This anomaly is closed.  

The indicated oxidizer manifold pressure in system-B read 15 to 
20 psi low ( 10 percent ) after pressurization of the system . Since 
system-B operated s atisfactorily and the fuel manifold and helium regu
lator pressures read as expecte d ,  the most likely cause of the problem 
was that the pressure transducer shifted in calibration . Calibration 
shifts have previously been experienced during preinstallation testing 
of this transducer. On LM-9 and subseQuent spacecraft , critical measure
ments will be instrumented with an improved transducer . 

This anomaly is closed.  

Cask thermal shield temperature .- The temperature measurement of the 
thermal shield for the radioisotope thermal generator cask read upper 
limit throughout the lunar module portion of the flight . The telemetry 
is switched to  this measurement from cask temperature by a baroswitch at 
10 000 foot altitude ( fig . 15-33 ) .  

The probable causes of the failure were a broken wire in the shield 
temperature measurement , a failed transducer , or a failure of the bare
switch to transfer . The transducer and baroswitch were test ed prior t o  
installation at the launch site . 

After installation , work was performed in the are a ,  and no further 
checkout was performed .  

For future missions , the instrumentation w1r1ng will be checked after 
final installation .  The measurement i s  not mandatory for flight opera
tions , and no further changes will be made . 

Cooling air is furnished to the cask from the launch vehicle instru
ment unit through a 5-inch duct . Prelaunch , indications were that air 
was not being s upplied.  Since the cask on this mission was not activated , 
the reQuirement was waived and no corrective action taken . Tests at 
Marshall Space Flight Center indi cate the most probable cause was a rup
ture of the duct at the umbilical interface ins ide the instrument unit 
wall . Design changes to correct the problem have been made by Marshall . 

This anomaly is closed.  
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Desc ent oxidizer t ank pressure . - Prior t o  the des cent engine firing , 
the ullage pres sure for the desc ent oxidi zer tank read zero on the cabin 
display . The telemetry measure of engine inlet oxidi zer pressure was 
indicating normal . Later , the display meter was used to read the ascent 
propuls ion oxidi zer pres sure , which also indicated normal . It is there
fore concluded that the most probable caus e of failure was e ither the 
transducer or the wiring b etween the transducer and the cabin display . 

This anomaly is clo s ed .  

15 . 2 . 12 Drop i n  Cabin Pres sure at Jettison 

During the asc ent stage s eparation from the command module , the 
lunar module cabin press ure dropped rapidly , as measured by three s epa
rate transducers . Telemetry data were lost for 12 s econds beginning at 
the initiation of s eparation . As shown in figure 15-34 , the cabin pres
sur e  was 4 . 86 ps ia at the initiation of s eparation and 0 . 70 ps ia at the 
end of the t elemetry dropout and continued to decay slowly . 

Motion pictures of the final s eparati on were taken from the command 
module .  A brown mat erial , shown proj ecting from the tunnel and flapping , 
was the insulation around the command module docking ring .  The lunar 
module hatch was closed in the first frame in which it was vis ible . This 
frame was taken 2 s ec onds after ini tiati on of s eparation . 

The film was used for determining a history of relative s eparation 
distance b etween the command module and the lunar module ( fi g .  15-35 ) . 
A t ime history of relative ac celeration , or the reQuired pres sure forc e ,  
was then estimated from the data , as shown i n  fig . 1 5-36 . The maximum 
acceleration of 50 ft /sec / s ec shown is cons iderably in excess of the 
accelerati on caused by s eparation pyrotechnic effects . However , the ac
celeration history shown in figure 15-36 can be obtained by dumping the 
cabin press ure in the first 0 . 3  s econd of s eparation . A 4-ps i drop in 
cabin pres sure in 0 . 3  s ec ond reQuires a constant venting area of 
290 S QUare inches . The impuls e from dumping cabin pressure through the 
hatch is c ons istent with the direction and magnitude of the lunar module 
velocity change ( 5  ft /s ec in minus X direction)  noted from the flight 
dat a .  Further , the upper hatch is  the only item on top of the lunar 
module that could open and clos e ,  allowing the cabin to  vent while satis
fying the pressure history . The hatch has a maxium area of 838 SQuare 
inches , which is more than enough to vent the cabin from 4 . 8  to  less than 
1 . 0 ps ia in 0 . 3  s econd . 

The events postulated to  vent the cabin are as follows . The hatch 
differential pressure resulting from the pyrotechnic firing broke the 
hatch latch and allowed the cabin to vent through the docking tunnel . 
The outflow closed the hatch 0 . 3 s econd after s eparati on but did not s eal 
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i t  completely . The remalnlng gap o f  about 1 . 4  s quare inches allowed a 
slight pressure decrease ,  as indicated by cab in pres s ure data . Fig-
ure 15-37 presents a history of hatch area that allows the cabin pressure 
to  decrease rapidly and also yi elds an acceleration time history which 
agrees with figure 15-36 . 

The hatch and latch ass embly was statically pres sure-tested t o  fai l
ure . At a differential press ure of 4 . 1  ps i ,  the latch failed as indicated 
in figure 15-38 . 

On Apollo 9 ,  the cabin pres sure was maintained after s eparation . 
The only difference between Apollo 9 and 10 was that the Apollo 10 tun
nel could not be vented becaus e the vent line was capped ( see previous 
discuss ion ) . At the time the s eparation pyrot echnics were fired on 
Apollo 9 ,  the tunnel pressure was less than the lunar module cabin pres
sure ; thus , the dynamic pres sure in the tunnel was not suffici ent to  fail  
the hatch latch . On Apollo 10 , with the tunnel pressuri zed to 4 . 86 ps ia , 
the differential pres sure when the pyrotechnics were fired was enough to 
fail the latch . 

In summary , the analyses indicate that the loading on the lunar 
module hatch at separation exceeded the capability of the latch .  The 
hatch then opened and closed resulting in a cabin press ure decay as 
shown in figure 1 5- 34 and s eparation distance and relative accelerati ons 
as shown in figures 15-35 and 15- 36 . 

No corrective acti on is required s inc e the condit ions at separati on 
were not normal . 

This anomaly is  closed . 

15 . 2 . 13 Primary Lithium Hydroxide Cartridge Performanc e 

Two aspects of the indicated carbon dioxide level were cons idered 
anomalous . Firs t , the rate of carbon dioxide increas e from 97 to  
lOl hours exceeded the predicted by a factor of approximately 8 .  Sec
ondly , the level remained constant for the next 5 hours ( see fig .  15-39 ) . 

The peaks at 9 7 ,  101 ,  and 102-l/2 hours were caused by operation 
with the suit-loop clos ed and were not cons idered anomalous . The rapid 
decrease at 106 hours was expected b ecause the secondary lithium hydroxide 
cartridge was selected . 

Tests and analys is have shown the following : 

l .  No evidence of channeling was found following chemical and 
X-ray di ffract i on analys is of the fli ght cartridge . 
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2 .  The spring loading on the lithium hydroxide bed was satis factory , 
indicating no detrimental vibration effects .  

3 .  Inadvert ently bypass ing the cartridge could not b e  made to ana
lytically match the fli ght data . 

4 .  The special charcoal outgas sing ( implement ed on Apollo 10 shortly 
before fli ght)  was verified by t es t  t o  cause no unusual cartri dge perfor
mance .  

5 .  A qualification t es t  cartridge exhibited a high rate s imilar to 
the flight data,  except that the rate b egan to decreas e at a lower level 
of partial press ure ( fi g .  15-39 ) . 

6 .  Cartridge performance varies cons iderably . The fli ght predic
tions were very optimistic . 

7 .  The poss ib ility of a carbon dioxide s ensor fault was examined , 
and s everal failure modes were ident i fi ed which could explain the high 
rat e . However,  failure his tori es and anlytical failure rates would make 
this poss ibility unlikely . 

8 .  A constant carbon dioxide level over a long duration existed in 
quali fication testing ,  although it was at a lower partial pressure , thus , 
a steady carbon dioxide level is not necessarily anomalous . 

9 .  Some i ndications exist that the flight cartridge was not react
ing chemically as uni formly as a sample test cartridge . This was prob
ably because of variations in mois ture content ; s uch variations are not 
fully understood. Additional testing will be performed to provide a con
trolled data bas e required for longer mis s ions . Existing data are be
lieved adequate for the Apollo 11 miss i on .  

10 . The carbon dioxide s ensor tolerance i s  plus and minus 10 per
cent of full-scale voltage output . Superimpos ing a 5-percent toleranc e 
on the quali ficat ion performance curve will approximate the flight data,  
as shown in figure 1 5- 39 . 

Lithium hydroxide cartridge variations , combined with carbon dioxide 
s ensor t olerances , could account for the flight performance .  The predi c
t ion for future fli ghts will be modeled around more realistic operational 
characteristic s .  

This anomaly i s  closed.  
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15 . 2 . 14 Attitude Excursions at Staging 

Large attitude excursions occurred prior to and during staging 
( fi g .  15-40 ) .  Body rates of 19 deg/sec in pitch and greater than 25 deg/ 
s e c  in roll and yaw were recorded. Smaller att itude excursions occurred 
approximately 40 seconds prior to staging . The mode switching , telemetry , 
and associated att itude commands indicate that the abort guidance mode 
changed from ATT HOLD to AUTO coincident with the vehicle gyrations . 

The attitude control switches on panels 3 and 4 are shown in fig-
ure 15-41 , and a simplified functional switching diagram is shown in 
figure 15-42 . Approximately 4 minutes before staging , with the guidance 
select switch in AGS and the attitude control switches in PULSE , the crew 
verified that the abort guidance mode control switch was in ATT HOLD s ince 
the intent was to perform staging in AGS ATT HOLD . After some discus s ion , 
they selected MAX deadband to s ave propellant . 

The abort guidance system steering logic was set to Z-axis steering 
throughout the staging sequence . If AUTO mode is selected , Z-axis logic 
will produce the steering commands required to point the Z-axis at the 
command module .  If the guidance select switch is in AGS and attitude 
control switches in MODE CONT , the Z-axis steering commands are accepted 
and acted upon by the control system .  

The attitude control switches were sequentially thrown t o  MODE CONT ,, 
as shown in figure 15-40 , 51 seconds before staging . Five seconds after 
the selection of MODE CONT , the mode control switch indi cation changed 
from ATT HOLD to AUTO , remained in AUTO for 3 seconds , then returned to 
ATT HOLD . During this period , the vehicle moved in all three axes in 
response to Z-axis steering commands . After the mode indication returned 
to ATT HOLD , the dynamics again returned t o  normal for wide deadband. 
( Note : The yaw rate gyro output was incorrect during this period , as 
shown in figure 15-40 and dis cussed elsewhere in this report . The gyro 
problem was properly diagnosed by the crew after a number of hand control
ler operations . )  After approximately 40 seconds , the mode indication 
again returned to AUTO , and the vehicle responded to Z-axis steering com-
mands . The vehicle was staged 4 seconds lat er , and the dynamic respons e 
increased abruptly . The data indicate that staging was coincident with 
a minus X translation and that the primary guidance system mode control 
:;;witch was thrown to AUTO 7 seconds later . Because of the relative s cal-
ing of  the hand controller , rate gyros , and attitude errors , attempts to 
manually control the motion were ineffective , and the vehicle stabili zed 
with the Z-axis pointing toward the command module .  Approximately 24 see
onds after staging , the attitude control switches returned to DIR , and the 
two mode control switch indications returned to ATT HOLD . 
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Three conditions duri ng the s taging s equenc e were apparently abnormal : 

l .  The abort guidanc e mode control transferred from attitude-hold to 
automatic . 

2 .  The yaw rate gyro was erroneously i ndicating minus 1 . 7 deg/s ec . 

3 .  No indication of direct firi ng of reaction control engines was 
rec eive d .  ( The  crew recalled enabling the direct function and actuating 
the hand controller to  the hard stops . )  

Three hardware areas have been analyzed i n  an attempt to  resolve the 
abnormalities . 

Switches . - Functions i n  each o f  the anomalous areas are controlled by 
switches ( see fig .  15-41 ) . 

The rat e gyro t es t  switch on panel 3 applies a test voltage , both 
positive and negative , that torques the gyro to an indicat ed output of 
5 deg/s ec . The circuit was used earlier in the fli ght and performed 
properly . Malfunction of the switch , shorting of the contacts on two 
poles , would apply the test voltage and yield the 5 deg/s ec gyro output . 
Malfunction of this switch as the cause of the yaw rate gyro problem is  
consi dered highly unlikely . 

The ACA/4 JET ENABLE-DISABLE switch , on panel 4 ,  enables the hand 
c ontroller switches for the direct coils of the reaction control engines . 
This switch was placed to  the ENABLE pos ition before undocking , and the 
reaction control engines were fired. For all maj or maneuvers , the switch 
was placed to ENABLE . With the exception of the staging s equenc e ,  the 
crew did not attempt to use the direct coils for firing the reaction c on
t rol engines . Malfunction of this switch is  not cons idered likely but 
cannot be completely eliminated . Either the ACA/4 JET ENABLE-DISABLE 
switch was not in the ENABLE positi on or an open circuit existed in the 
wiring . 

The abort guidance system mode control switch , on panel 3 ,  was used 
s everal t imes b efore and after staging with no evidenc e of abnormality . 
To produce the flight res ults requires the contacts to transfer on at 
least two of the three poles of this switch . No known failure modes i n  
the switch would produce this type o f  failure . Two failure modes postu
lated would allow the contact rocker arms to bec ome free-floating . How
ever , tes ting under a s imulated flight environment has shown that because 
of frictional forces at the contact arm pivot point , the free-floating 
c ontacts will not t ransfer ( see fig .  15-43 ) . The observed anomaly would 
have required the s imultaneous motions of two rocker arms . 

In summary, i t  is  consi dered highly remote that switch malfunctions 
could have caus ed the anomalies at staging . 
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C onnectors . - Each o f  the affected components have wiring routed 
through two electrical connectors behind panel 3 .  

The functions through connectors Pl400 and P80 5  showed no anomalous 
indications in factory or launch-s ite testing or in  flight except during 
the staging s equence .  The connectors could not have b een mismated.  In
dications resulting from improperly mated connectors ( i . e . , bent or loose
ly connected pins ) would have been recurring . It is considered highly 
unlikely that the cause of the problem was in  the electrical connectors . 
Simultaneous failures in two connectors would be required to  duplicate 
the events that occurred in flight . 

Wiring . - Four inches o f  electrical wiring contained in a s ingle wire 
bundle behind panel 3 is the only point c ommon to all the anomalous cir
cuits ( see  fig .  15-44 ) .  

To produce the flight anomaly , the Wlrlng would have to  incur parti
cular but maj or damage , including the following : 

1 .  Abort guidanc e system AUTO wire -- insulation broken and a 
ground appli ed. 

2 .  Abort guidanc e system ATT HOLD wire -- wire open . 

3 . Telemetry for the abort guidance system AUTO wire -- insulation 
broken and a ground applied. 

open . 
4 .  Telemetry for the abort guidance syst em ATT HOLD wire -- wire 

In an attempt to  ass ess  the potential for damage to 
bundle , an ins pection was conducted on lunar module 10 . 
was concluded from that inspecti on : 

this common 
The following 

1 .  The area b ehind panel 3 i s  highly congested . 

2 .  The panel 3 installation is very difficult b ecause of the con
gestion and the mating of blind connectors . 

3 .  Several wire bundles require sharp bends but not the s uspect 
bundl e .  

4 .  The suspect bundle does bear on the back of a meter on panel 3 .  

5 .  Structural fasteners are a potential s ource of damage only dur
ing installation . 
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6 .  Anti-chaffing material on bundles is sufficient to preclude 
damage to wiring during and after installation . 

Cons idering the particular nature of the damage which must be sus 
tained by the suspect wire bundle and the configuration o f  that wire 
bundle and the area beh ind panel 3 ,  it is cons i dered highly unlikely that 
the type of damage would be caused by the ins tallation procedures or the 
installati on its elf .  

It is , therefore , concluded that the anomaly was caused by the inad
vertent cycling of the abort gui dance mode control switch , followed im
mediat ely by an incorrect output of the yaw rate gyro . In diagnos ing the 
yaw rate gyro problem, and i n  reacting t o  it , the abort gui dance mode 
control switch was t rans ferred t o  the AUTO pos ition , resulting in high 
vehicle rates during the staging s equence .  

This anomaly i s  closed . 

15 . 2 . 15 Asc ent Propuls ion Low-Level Indications 

The asc ent propuls ion warning light indicating low propellant level 
came on approximately l s econd after the start of the first asc ent engine 
firing and triggered a master alarm . The low-level light went out l s ec
ond later,  and the master alarm was subsequently res et . Data indicat e  
that the low-level light and master alarm were triggered by the oxidi zer 
s ens or . 

Each of the tanks , oxidi zer and fuel , contains one s ensor . One low
level warning light monit ors both s ensors , and this light is enabled only 
while the asc ent engine is firing . Nei ther the s ensors nor the low-level 
warning light are latchi ng ,  so the warning light will come on when the 
sensor is uncovered and will extinguish when the s ensor is re-covered with 
propellant . 

Data i ndicate that the s ensors functioned properly for the remainder 
of the mis sion . Both low-level indications came on at the correct time 
during the s ec ond asc ent engine firing , the firing to  depletion .  This 
i ndicates that the first warning was vali d and caused by the s ensor being 
uncovered by a gas bubble . 

On Apollo 10 , the asc ent propellant tanks were filled approximately 
50 percent , and the +X t ranslation required to  s ettle the propellants was 
calculated to  be 3 s ec onds . This firing t ime was to prevent helium in
gestion into the engine . Bas ed on the Apollo 10 data , the prediction 
technique will be revis ed,  and the +X t ranslation firing time will be in
creas ed t o  prevent a recurrenc e of the low-level mast er alarm at i gnition . 
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No corrective action is required for Apollo ll and subs equent . For 
nominal miss ions , only one asc ent engine firing is planned .  This will 
oc cur from the lunar surfac e ( l/6-g fi eld ) , and the propellants will be 
well s ettled.  

This anomaly is  clos ed . 

1 5 . 3  CAMERA EQUIPMENT 

15 . 3 . 1 Lunar Module 70-mm Camera 

During the low-altitude lunar pass , the Hass elblad 70-mm camera , 
which had the last magazine i ns talled, stopped b ecaus e of film binding 
in the magazine . The binding resulted from i nternal damage to the film
advance mechanism,  i nc luding burrs on the film guide ( s ee fig .  15-4 5 ) . 
The emuls ion scraped from the film by the burrs built up on the rollers , 
decreas ing the clearanc e .  This condit ion continuously overloaded the 
drive motor until  the motor failed approximately five frames from the end 
of film . The 1 . 6-ampere fus e  in the camera would have protect ed the motor 
against a direct short , but not against a conti nuous overload . 

The cameras are handled a number of t imes b efore launch , and the 
following actions will be taken to preclude a s imilar occurrence on 
Apollo 11:  

a.  Cameras and magazines will b e  inspected for damage ,  clearances , 
and contamination . 

b .  High-reliability , l .  2 ampere fus es will b e  i ns talled ( each camera 
will have one fus e and one slug ) .  

This anomaly is clos ed . 

15 . 3 . 2  Lunar Module 16-mm Camera 

During the low-alti tude pass , the lunar module 16-mm camera failed 
to operat e with magazine F installe d .  Magazine F was replaced immediatel:r 
with magazine G,  and the camera Operated satis factorily . Magazi ne F was 
reinstalled later for staging and the terminal phas e of the rendezvous , 
and the camera operated satis factorily . 

Proper alignment of the camera and the magazine required greater car= 
with magazine F b ecaus e of marginal clearances at the interface surfaces 
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and edges . All magaz ines for subsequent mis s i ons will be s elect ed for 
adequate clearance on the i nterface edges for a satisfactory fit to either 
camera ( s ee fig .  1 5- 46 ) . 

This anomaly is  closed . 

15 . 3 . 3  Command Module 16-mm Camera 

At approximat ely 173 hours , during trans earth coas t ,  the command 
module 16-mm camera ceased to operate in the pulse mode becaus e the 
magazi ne i nterlock microswitch failed . The switch was not a h igh reli
ability item and failed b ecaus e of i nternal contamination and a faulty 
plunger ( fi g .  15-47 ) . 

High reliability microswitches have b een installed i n  the cameras 
for Apollo ll and subsequent . 

This anomaly i s  clos e d .  
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16 . 0  CONCLUSIONS 

The Apollo 10 miss ion provided the concluding data and final environ
mental evaluation to proc eed with a lunar landing . The following c onclu
s ions are drawn from the information contained in this report . 

1 .  The sys tems i n  both the lunar module and the command and s ervic e  
modules are operational for manned lunar landing . 

2 .  The crew activity timeline , in thos e  areas cons istent with the 
lunar landing profile ,  demonstrated that critical crew tasks associated 
with lunar module checkout , initial desc ent , and rendezvous are both 
feasible and practical without unreas onable crew workload.  

3 .  The lunar module S-band communications capability us ing either 
the steerable or the omnidirect ional antennas was sat i sfactory at lunar 
distances . 

4 .  The operating capab ility of the landing radar in the lunar en
vironment during a des c ent propulsion firing was satis factorily demon
strated for the altitudes experienc ed . 

5 .  The range capab ility of the lunar module rendezvous radar was 
demonstrated in the lunar environment with exc ellent res ults . Used for 
the first time ,  VHF ranging information from the command module provided 
cons istent correlation with radar range and range-rate data . 

6 .  The lunar module abort gui danc e system capability to  control an 
asc ent propuls ion system maneuver and to guide the spacecraft during ren-· 
dezvous was demons trated. 

7 .  The capability of the Mis s ion Control Center and the Manned 
Spac e Flight Network to control and monitor tvm vehic les at lunar dis 
tance during both des c ent and rendezvous operations was proved adequate 
for a lunar landing . 

8 .  The lunar potential model was s ignificantly improved over that 
o f  Apollo 8 ,  and the orbit det erminati on and prediction procedures proved 
remarkably more prec i s e  for both spac ecraft in lunar orbit . After a c om-· 
b ined analys is of Apollo 8 and 10 traj ectory reconstructions , the lunar 
potential model is expected to  be entirely adequate for s upport of lunar 
desc ent and asc ent . 
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APPENDIX A - VEHICLE DESCRIPTIONS 

The Apollo 10 space vehicle consisted of a block II configuration 
spacecraft and a Saturn V launch vehicle ( AS-505 ) .  The spacecraft c om
prised a launch escape system, command and service modules ( CSM 106 ) , 
spacecraft/launch-vehicle adapte r ,  and lunar module ( LM-4 ) .  All c om
ponents were very s imi lar to those for Apollo 9 ,  and only the maj or dif
ferences are discussed .  

The extravehicular mobility unit was nearly identical to that for 
Apollo 9 ;  however , the differences i n  the pres sure garment ass embly are 
described in s ection A . l . 8 ,  and differences i n  the remaining components 
are discus s ed in s ection A . 2 . 12 .  

A . l  COMMAND AND SERVICE MODULES 

A . l . l Structural and Mechanical Systems 

The maj or changes to  the structural and mechanical systems were that 
the sealant for windows 2 and 4 was cured in a manner s imilar t o  that 
used on windows 1 ,  3 ,  and 5 for Apollo 9 ;  spring-action retainer clips 
were added in the separation charge holder for the docking ring to pre
clude recontact with parachute ris ers ; a lightweight s ide hatch was sub
stituted for the slab des ign previously us e d ;  and the knob on the hatch 
counterbalanc e ass embly was replac ed with a ratchet-type handle to facili
tate manual actuat ion . In addition , the Z-axis attenuation struts in the 
crew couch ass embly were modifi ed to stroke at a deceleration threshold 
of 6 . 3g ,  instead of 8 . 5g .  This change was made becaus e the dec eleration 
levels experienced in previous flights were insuffic i ent to cause strok
ing , and the initial level was cons ervative . 

The only maj or change to  the service module structure was that the 
load-carrying capability of the oxidi zer sump-tank skirt in the s ervic e  
propuls ion system was increas ed.  

The ballast weight in the launch-escape-system forward structure was 
changed from 870 to 942 pounds to  les sen s ens itivity of the launch escape 
system dynami cs to  command module weight changes . 
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A . l . 2  Communications 

The S-band power amplifier was of the same configuration as that us ed 
for Apollo 7 and 8 ;  filter chokes were removed and c ertain diodes in the 
power supply were replaced . The premodulation proc essor incorporated an 
S-band squelch c apability controlled by a switch to prevent a noise  burst 
if the 30-kHz S-band uplink subcarrier was lost . 

The VHF trans c eiver was modified to accommodate a ranging capab ility 
for backup rendezvous calculations . The three tones used in this ranging 
system ( 3 . 95 kHz , 247 + 3 . 95  kHz , and 31 . 6  kHz ) were transmitted and sub
sequently rec eived by the VHF transc eiver in the command module after co
herent demodulation and retransmis s ion through the transc eiver in the 
lunar module .  These transmitters were modulated by the three tones se
quentially during acquis it ion and by the 31 . 6-kHz tone continuously after 
acquisit ion . The rec eived signal in the command module was then compared 
with the transmitted s i gnal to determine phase delay , which c orresponded 
to the slant range between the two vehicles . The system provided slant 
range with a data-good signal to the computer for a state vector update ,  
if required . The entry monitor system can display slant range data con
t inuously to the crew . A block diagram of the VHF ranging system is  
shown in  figure A-l . 

A . l . 3  Environmental Control System 

The sponges in the primary and s econdary glycol evaporators were 
trimmed away from the t emperature s ensors at the wick . The relief mech
anism in the water pressure relief valve was removed from one s ide of the 
parallel valve c onfiguration to allow direct dumping of the waste water 
tank, rather than using the urine transfer hose .  The primary and s ec ond
ary water/glycol l ines from the c ommand-module pressure vess el to the 
environmental c ontrol unit were fully insulated to eliminate c ondensation 
on the aft bulkhead . 

A . l . 4  Guidance ,  Navigat ion , and Control Systems 

The diast imeter ( manual ranging device ) was deleted,  and a VHF rang
ing interfac e was added to the command module computer to accomodate the 
backup rendezvous funct ion . The c omputer program >vas changed from the 
Colossus t o  a Manche configuration to acc ommodate the lunar rendezvous 
operation .  The entry monitor system was modified to include an interface 
with the VHF ranging syst em ( see s ection A . l . 2 ) , and the scroll ass embly 
was changed to incorporate a higher preload in the stylus for more pos i
t ive scribing . 
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A . l . 5  Electri cal Power 

Battery B i ncorporated cellophane separators for comparative evalua
t i on with the Permian separators used in batteries A and C .  The fuel 
cells were modified by subst itution of an improved hydrogen-pump pinion 
gear capable of extended operat i on with condens er exit temperatures above 
200° F .  

A . l . 6  Service  Propuls ion System 

The s i gnificant changes to the service  propulsi on system ,  both of 
which improved operation at low t emperature , were incorporation of the 
same bipropellant valve configurati on as that used in Apollo 8 ,  and addi
t i on of strip heaters in the propellant distribution lines from the tank 
outlets to the b ipropellant valves . 

A . l . 7  Reaction Control Systems 

For cons istent operat i on ,  the range of the thermostats on the second-· 
ary quad heaters in the s ervice module reaction control system was made 
i dentical t o  that of thermostats on the primary quad heaters . 

A . l . 8  Crew Provisions 

Added t o  the crew provis ions were a sleeping restraint , a water bag 
for s eparati on of any gas from the potab le wat er ,  and tools for disassembly 
of the docking prob e .  The forward-hatch stowage bag under the left-hand 
couch was i ncreas ed in s i z e .  I n  the crew optical alignment s i ght , the 
inner filter was replaced by a diffuser lens , and an external clip-on 
filter was adde d .  The hos e  material for the water dispens er ass embly was 
changed from Neoprene t o  Vi ton to reduce the leaching of organi c compound<: 
and to  improve the t aste of the water . 

For i ncreas ed mobility ,  a loos er fit , and reduced heat leak , Teflon 
patches were i ncorporated in the outer layer of the press ure garment as
sembly and Dacron and aluminized Mylar in the i nsulation layer . For higher 
t emperature res istanc e ,  Nomex was us ed instead of nylon for the link net . 
The oxygen umbilical connectors at the environmental control panel were 
reversed for i nc reas ed mobility through the tunnel , and the construction 
of thes e umbi licals was changed from partially to completely s i li c one , 
with two Beta-fabric  s leeves for added flexibility . 
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A . l . 9  Televis ion 

The t elevision systems were completely di fferent from the system 
employed on Apollo 9 .  The Apollo 9 system used the lunar-configurati on 
camera and ac cessories and operated from the ascent stage of the lunar 
module . The Apollo 10 systems involved two televis ion cameras , one 
black-and-white and the other color , operated from the command module . 
The black-and-white televis ion system cons isted of a camera , 80-degree 
wide-angle lens , 9-degree ( 100-mm ) lens , and 12-foot power cable . This 
system was identical to tho s e  on Apollo 7 and 8 ,  with the exception of 
the lens es and the addition of a new ring s ight to  the camera . 

The color televis ion system cons is ted of a special camera employing 
a camera tube and a synchroni zed color filter system .  The camera operated 
at a scan rate of 30 frames per s ec ond ;  this rate is compatible with scan
ning rates of commercial televis i on .  The required frequency bandwidth of 
2 mHz was available in the S-band transmitter . The color camera was 
equipped with a zoom-type lens having a 9- to  53-degree variable field
of-view . The system us ed 28 watts of power and had a minimum s ignal
to-nois e  ratio of 30 dB and a resolution of 160 by 370 lines ( hori zontal 
by vertical ) .  

A black-and-white t elevis ion monitor with a 3- by 2 . 25-inch picture 
tube was also used with the color system to permit better camera pointing . 
The color camera used the same power cable and mounting bracket as the 
black-and-white camera . A cable carrying power and video signals con
nected the monitor and the camera . 

A . 2  LUNAR MODULE 

A . 2 . l Structures 

The des cent stage structural webs were increased to a minimum thi ck
ness of 0 . 01 5  inch , and the upper deck webs incorporated bonded doublers . 
Support structures and mass s imulators were added for the modular equip
ment storage assembly . The Apollo Lunar Surface Experiments Package sup
port structur e ,  including the deployment mechanism , was redes i gned.  The 
location of the electrical power system batteries was changed from four 
batteries in quad IV t o  two in each of quads I and I V .  

A . 2 . 2  Thermal 

To dec rease weight , the thermal blankets on the ascent stage were 
changed to a composite of 16 layers of 0 . 5-mil alumini zed Kapton and 
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ll layers of 0 . 125-mil alumini zed Mylar . Thermal shielding was modi fied 
to the revis ed criteria for firing t ime of the s ervic e  module reaction 
control system and for deployment of the adapt er panels . The thermal 
shields were generally lighter in weight as a result of the reduced 
thickness and the smaller number of shields , except that the lower por
tion of the asc ent stage us ed shields like thos e on LM-1 ( Apollo 5 ) . 
Additional thermal installation was installed around the interstage 
umbilical . 

The window shades used were capable of withstanding temperatures of 
up to 300° F .  The material us ed on previous spacec raft could withstand 
t emperatures of only up to  200° F .  

A . 2 . 3  Electrical Power 

The only differenc e i n  the electrical power system from Apollo 9 was 
that a reverse-operating contact in the circuit interrupter was connected 
in parallel with contacts in the desc ent electrical control ass emblies so 
that power could be provided from the command module to the asc ent stage 
alone . 

A . 2 . 4  Displays and Controls 

The displays and controls were modifi ed by the addition of two 
switches which allowed isolat i on of a failed hand c ontroller . In addi
tion, the mode control switch for the attitude control ass embly was 
changed from a rotary swi tch to two toggle switches in order to improve 
reliab ility . As a res ult of the addition of the VHF uplink squelch cap
ability and VHF ranging , two 2-pos ition toggle switches on the communica
t i ons panel were replac ed with 3-posi  tion S"lvi tches . Also , the televi s i on 
camera connector and various c i rcuit breakers and toggle switches as soci
ated with earth orb ital missions were deleted, and the rotary switch for 
exterior lights was changed to a 3-pos ition maintain toggle switch . 

A . 2 . 5  Instrumentati on 

The only s ignificant instrumentation change from the Apollo 9 fli ght 
was the deletion of the development flight instrumentation.  

A . 2 . 6  Communications System 

A signi ficant change to the communications system configuration was 
the addition of the digital uplink ass embly which decoded ground commands 
t ransmitted on the 70-kHz S-band subcarrier . The decoder s ecti on was 
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i denti cal t o  that of the digital command assembly , which also contained 
a UHF c ommand rec eiver for us e in the earth orb ital mis sions . The de
coded data were routed t o  the guidance computer and the asc ent engine 
arming ass embly . The computer proces s ed the data and routed a verifica
tion s ignal to  the pulse code modulati on and t iming electronics for trans 
mis s i on t o  the ground s tation , to indicat e  that the uplink commands had 
been proc es s ed by the computer . Another verification s i gnal was t rans
mitted t o  indicat e that the uplink commands were properly decoded and had 
been routed to s elected lunar module equipment . The digital uplink com
mands address ed to the computer were parallel to  thos e inputs available 
through the display and keyboard . The digital uplink ass embly also pro
vided a voice  backup capability i f  the rec eived S-band audio circuits in 
the premodulation processor had failed . 

Other changes to the system included voice improvement changes in 
the s ignal processor ass embly , a press uri zed cas e for the S-band power 
ampli fi er, an "increased coverage" modification to the S-band steerable 
antenna , the ranging modification for the VHF transceiver , and the addi
tion of the ranging tone transfer as sembly . This latter ass embly oper
ated with VHF rec eiver B and transmitter A to provide a transponder func
tion for command and s ervice  module/lunar module VHF ranging . It received 
VHF ranging tones from VHF receiver B and routed thes e s ignals , properly 
proc es s ed ,  to  transmitter A .  A block diagram is shown in figure A-1 .  

A . 2 . 7  Radar 

The three velocity b eam channels and the altimeter beam channel of 
the landing radar were reconfigured as four s eparate channels for the 
four rec eiver planar arrays of the antenna . Any one of the four receiver 
arrays could detect lunar surface returns or spurious s ignals emanating 
from the lunar module body and could transmit range and velocity data 
for the individual beams via the guidanc e computer downlink . 

A . 2 . 8  Guidanc e and Control 

The ascent engine arming ass embly was modified t o  add the capability 
for switching from primary guidanc e to abort guidanc e .  This additi onal 
function allowed an ascent propuls ion system firing to b e  controlled by 
the abort gui dance system with the veh ic le unmanned.  

The puls e rat i o  modulator circuit of the attitude and translation 
control ass embly was modi fied to  effectively i nc reas e  the ratio of 
thruster on-time to  off-time for a given input s ignal . This change was 
made to obtain more control authority over the des ired operating range 
when the lunar module was under abort gui dance control .  
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Primary guidance and navigation system changes included redes ign of 
the alignment optical t elescope to save weight , eliminating the gyro tem
perature circuit from the s ignal conditioner ass embly , and adding a shield 
over the display and keyboard to prevent glas s breakage . 

The computer programs Luminary 69 in the primary guidance and 
Flight Program 5 in the abort guidanc e were changed t o  lunar programs . 

A . 2 .9 Des c ent Propuls ion System 

For the descent propuls ion system , the s urge tanks as sociated with 
press ure transducers in the development flight instrumentation were de
leted, and the helium explosive valve was modified to include an external 
braze where the inlet and lines were attached t o  the valve body . 

A . 2 . 10 Ascent Propulsion System 

The configuration differences on the as cent propuls ion sys tem in
cluded modi fying the relief valves to a gold-b razed unit with a notched 
poppet step, changing the propellant tank support cones t o  bolts rather 
than rivets , and deleting the rough combustion cutoff as s embly . In addi
tion, the solenoid latching valves were revised with an improved diode 
and changed to the gold-brazed configuration . 

A . 2 . ll Environmental Control System 

The maj or difference in the environmental control system was the 
deletion of the cold plat es previously us ed for the development flight 
instrumentation and the lunar mis sion programmer . 

The solenoid valve in the primary sublimator feedline was removed,  
s inc e it was redundant and originally des igned for an unmanned vehicle . 
This change also allowed the sublimator feedline to  be routed external 
to  the water module . 

A fourth cold rail was added to  the desc ent stage heat transport 
system .  Two cold rails were in quad IV and two were added in quad I .  
This change required relocating the water/ glycol lines . 

The water/glyc ol pump package , cabin fan assembly , and sui t  circuit 
as sembly had high-reliab ility components . For b etter operation of fan 
motor s ,  the suit circuit ass embly had an aluminum frame instead of a 
titanium frame . 
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A . 2 . 12 Crew Provis i ons 

The waste management ass embly was modified by the addition of 
germic ide to a lighter weight bag . Changes in stowage included moving 
the oxygen purge sys tem from the aft wall of the vehicle to the left
hand console and moving two man-days supply of food from the right-hand 
s ide stowage compartment to  the mids ecti on . The netting arrangement was 
modified to  permit access to  condensate in the portable life s upport 
system. The internal filter was replaced with a diffuser lens and an 
external clip-on filter was added to the crew optical alignment s i ght . 
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A . 3  LAUNCH VEHICLE 

The basic desc ription of the Saturn V launch vehicle is pres ented 
in reference 1 .  The Apollo 10 launch veh ic le was configured nearly the 
same as the Apollo 9 vehicle , with only a few s ignificant exceptions . 
The propellant utili zation system in  the s ec ond stage was used in  the 
open-loop mode to improve reliability .  

Cork insulation material was added to the outer surface of the in
strument unit , and a sheet of vibration damping material was substituted 
for the s teel channels us ed for damping of platform vibration . This 
change inc reas ed the instrument unit safety factor at S-IC inboard engine 
cutoff from 1 . 14 to 1 . 5 5 .  

A. 4 MASS PROPERTIES 

Spacecraft mas s properties for the Apollo 10 mis s ion are summarized 
in t able A. 4-I . These data represent the conditions as determined from 
post flight analyses of expendable loadings and usage during the flight . 
Variat ions in space craft mass properties are determined for e ach s i gnifi-· 
c ant mis si on phase from li ft-off through landing . Expendables usage i s  
based on reported real-time and postflight data as presented i n  other 
sect ions of this report . The weight s  and centers of gravity of the indi-· 
vi dual command and service modules were measured prior to flight and the 
inert i a  values were c alculated.  All changes incorporated after the ac
tual weighing were monit ore d ,  and the spacecraft mass prope rties  were 
updated. Spacecraft mass propert ies at lift -off did not vary s i gnifi 
cantly from the preflight predicted value s .  
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'!'ABLE A.4-I . - MASS PROPERTIES 

Center of gravity, in. Moment of inertia, slug-ft
2 

Product of inertia , slug-rt
2 

Event 
Weight , 

1b XA YA '• 'xx I
yy 1zz IXY 1xz Iyz . 

Combined Spacecraft 

Lift-off 107 206 852.1 2 . 3  3 .  7 66 191 l 142 344 l 143 199 2901 9 243 36'13 

Earth orbit insertion 98 273 8ll , 6  2 . 5  4 . 0  6 5  332 697 963 698 859 4994 ll 710 3657 

Connand and service modules prior to 63 560 934.0 4 . 0  6.4 34 414 76 599 79 278 -1820 -143 3152 

transposition and docking 

Docking 94 243 lll33.6 2. 5 4 . 4  55 093 516 215 520 276 -8384 -8 809 2688 

A:fter separat ion lll!l.neuver 94 063 1033 . 1  2 . 5  4 . 3  54 999 515 969 520 107 -8381 -8 792 2762 

First mldcourse correction - ignition 93 889 1033.9 2 . 6  4 , 3  5 4  846 515 509 519 6'(2 -8423 -8 756 28o4 

- cutoff 93 414 1034 . 2  2 . 6  4 . 3  5 4  598 514 816 519 184 -8417 -8 709 2734 

Lnna.r orbit insertion - ignition 93 318 1034.4 2 . 6  4 , 3  5 4  530 514 388 518 754 -8490 -8 626 2755 

- cutoff 69 429 1074.9 1 . 5  2 , 9  42 152 402 902 4ll 181 -6350 -4 932 -11.6 

Lunar orbit circularization - ignition 69 385 1075.0 1 . 5  2 . 9  4 2  115 402 768 411 068 -6365 -4 903 -134 

- cutoff 68 45$ 1076 . 9  1 . 4  2 . 9  4 1  644 398 519 406 365 -6080 -4 943 -192 

At separation 68 268 1078.1 1 . 6  2 . 9  4 2  795 398 877 406 785 -5773 -5 184 -231 

Co!lllll.8.lld and service modules ,  first 37 101 <)43 . 4  2 . 9  5 '  5 20 8o2 57 096 63 )28 -2029 790 280 

lunar revolution 

Ascent stage manned 7 935 117 7 . 4  3 . 3  - 1 . 3  4 733 3 820 3 507 -190 57 247 

Docking 44 930 984 . 8  3 . 0  4 . 3  2 5  494 138 079 144 140 -2105 -1 383 549 

Transeartb injection - ignition 37 254 943.8 2.9 5 . 3  2 0  771 56 820 63 283 -2105 70:i 312 

- cutoff 26 172 964.2 -0.5 6.9 15 105 48 177 49 303 -646 6'( -296 

Cownand module/service module separation 25 905 964 . 8  - 0 . 4  6.7 14 886 1!7 966 49 098 -720 134 -240 

Command module after separation 12 138 1040 . 5  -0.3 5 . 9  6 208 5 328 4 821 19 -395 -53 

Entry interface 12 137 1040 . 5  - 0 . 3  5 . 9  6 208 5 328 4 821 19 -394 -53 

Mach 10 11 966 1040 . 8  -0.3 5 . 8  6 092 5 208 4 716 19 -389 -52 

Drogue deployment 11 639 1039 . 4  -0.3 5.9 6 016 4 973 4 496 20 -367 -53 

Main parachute deployment 11 558 1039 . 1  - 0 . 3  6 . 1  5 999 4 913 4 451 20 -341 -52 

Landin,.:: 10 901 1037 . 4  -0.2 5 . 0  5 812 4 509 4 143 7 -312 -32 

Lunar Module 

Lift-off 30 735 181.0 - 0 . 2  - 0 . 5  2 0  466 23 185 21 583 201 395 382 

Separation 31 166 182 . 0  -0.2 0 . 2  2 1  846 24 321 22 551 208 689 391 

Descent orbit insertion - igni"'Jion 31 137 182 . 0  -0.2 0 . 2  2 1  827 24 278 22 502 206 687 390 

- cutoff 30 903 181.9 -0.2 0 . 2  2 1  680 24 218 22 476 206 688 390 

Phasing - ignition 30 824 181.8 - 0 . 1  0 . 3  21 626 24 124 22 372 201 683 3'(1 

- cutor'f 30 283 181 .7 -0.1 0 . 3  2 1  284 23 983 22 309 201 684 371 

Ascent stage after staging 8 273 245.8 0 . 5  3 . 4  4 923 3 443 4 200 46 191 -18 

Insertion 8 077 ?46.0 0 . 5  3 . 5  4 794 3 422 4 054 45 189 -16 

Coelliptic sequence initiation 8 052 245.9 0 . 5  3 . 5  4 784 :1 412 4 036 45 190 -16 

Docking 7 935 245.4 D . 5  3 . 5  4 733 3 371 3 955 45 193 -12 

Unmanned 1 663 2 4 5 . 5  0 . 2  1 . 7  4 578 3 359 4 031 54 145 -31 

Depleted 5 243 258.2 -0.3 2 . 5  2 930 2 779 1 814 69 110 -29 
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APPENDIX B - SPACECRAFT HISTORIES 

The history of command and servi ce module ( CSM 106 ) operations at 
the manufacturer ' s  facility , Downey , California ,  i s  shown in figure B-1 , 
and the operati ons at Kennedy Space Center , Florida , in  figure B-2 . 

The hist ory of the lunar module ( LM-4 ) at the manufacturer ' s  faci�
ity , Bethpage , New York , i s  shown in figure B-3 ,  and LM-4 operati ons at 
Kennedy Space Center , Florida , in figure B-4 . 
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1968 

I July I August I September I October I November I December 

Indiv idual systems checkouiilt ,···· 
modification , and retest • -

Integrated systems test • 
Data review -

Crew equi pment stowage (removal) • 
Demate I 

Pressure vessel leak check and reaction control system checkout • 
Aft heatsh ie ld i nstal lation • 

Weight and balance I 
Preshipment inspection I 

Prepare for s h i pment and s h i p  I 
Weight and balance I 

Service propu ls ion system test -
Thermal coating I 

Preshi pment inspection • 
Prepare for shi pment and sh i p  I 

F i gure B-l . - Factory checkout flow for command and service modules at contractor faci l i ty .  
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Note: Command and service modules 
de l i vered to Kennedy Space 
Center on November 24,  1 9 6 8  

\ 

Fe bruary March Apr i l  

S pacecraft operation and checkout 

Spacecraft/ launch veh ic le assembly 

I Move space veh i c le to launch complex 

• Mate umbi l ical tower to pad 

I Data l i n k  hookup 

I Environmental control system test 

I Q-ball installation 

• S pacecraft pad tests 

Emergency egress s imu lations I 
Prope l lant loading and leak checks • 

Command module stowage I 
Countdown demonstration test • 

May 

Countdown -
Launch • 

Figure B-2 . - Spacecraft checkout h istory at Kennedy Space Center . 
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Apri l M ay June Ju ly  August September October 

- . .  Manufacturing u pdate and checkout 

I ll - I I Functional and 
configuration checks 

Install  thermal sh ie ld ing -

I Strut rework 

• 1  F l ight control test 

Plugs-in test • •  
Rework docking target I 

Final factory rework and retest 

Plugs-out test • I 
I • 

I nstall  rendezvous radar • 
Weight and balance I 

F inal inspection I I 
Prepare for sh ipment and sh ip  • 

Figure B-3 . - Factory checkout flow for lunar module at contractor fac i l ity . 
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• Receiving inspection 

- · ·  - Equipment installation and checkout 

- Flight simulation tests 

Note: Lunar module arrived at 
Kennedy Space Center on 
October 15, 1968. 

I Docking test 

• Reverification tests 

I Radar alignment 

I Landing gear installation 

- Install spacecraft/ launch-vehicle adapter 

Final system tests - -
Mission simu lation tests I I 

Figure B-4 . - Lunar module checkout h istory at Kennedy Space Center .  
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APPENDIX C - POSTFLIGHT TESTING 

The command module arrived at the contractor ' s  facility in Downey , 
California ,  on June 4 ,  19 69 , after reaction control system deactivation 
and pyrotechnic safing in Hawaii .  Postflight testing and inspection of 
the command module for evaluation of the inflight performance and investi
gat i on of the flight i rregulari t i es were c onducted at the c ontract or ' s  
and vendor ' s  facilities and at the MSC i n  accordance with approved Apollo 
Spacecraft Hardware Ut ili zation Requests (ASHUR ' s ) . The t ests performed 
as a result of inflight problems are described in  table C-I and dis cus sed 
in  the appropriate systems performance s ections of this report . Tests 
being conducted for other purpos es in accordanc e with other ASHUR ' s  and 
the basic  contract are not included.  



ASHUR no . Purpose 

106500 To determine the cause for command module sys-
tem 2 helium mani fold pressure drop when the 
propellant isolation valves were opened pre-
launch 

106501 To determine cause for leakage of comman d  module 
system 1 helium manifold pressure 

106026 To investigate the entry monitor system scribing 
problems 

106044 To determine the cause of excessive drift in the 
stabilization and control system attitude ref-
erence 

106005 To determine the source of fiberglass contarni-
106021 nation in crew compartment 
106022 

106503 To investigate cause for retention springs not 
retaining charge holder 

106004 To investigate high and erratic carbon dioxide 
partial pressure ob served in ltmar module 

106010 To determine cause of difficulty with s ervicing 
the suit heat exchanger preflight 

106011 To determine cause for the primary evaporator 
dry out during launch and lunar orbit 

106012 To determine cause for the inability to vent 
the tunnel 

106052 To investigate report of low wat er pressure from 
water gun 

106058 To investigate chlorine leakage and failure of 
buffer ampule tc fill 

106505A To investigate carbon dioxide sensor failure 
to change reading 

TABLE C-I . - POSTFLIGHT TESTING SW�Y 

Tests performed 

Reaction Control 

Inspect burst disc for corrosion pitting or 
other defects 

Conduct external leakage check 

Gui dance and Navigation 

Perform complete acceptance test 

Perform complete acceptance test of gyro as-
semblies and gyro display coupler 

Structures and Thermal 

Take contaminat ion samples in eight loca-
tions . Vacuum-clean accessible areas in 
crew compartment. Inspect suits and constant 
wear garments 

Measure the free play and spring rate of the 
springs 

Environmental Control 

Perform chemical analysis on lunar module 
primary lithium hydroxide cartridge 

Perform breakthrough test and failure analysis 

Measure flow rat e through tunnel vent valve 

Check for contaminat ion by back-flushing 
through water dispenser and hose 

Ins epect and perform failure analysis of 
chlorine and buffer ampules 

Perform calibration check and failure analy-
sis 

Results 

Burst disc appeared to have operated normally . 
No evidence of corrosion was found. 

No leak was detected 

Emulsion on scroll was brittle because uric 
acid was added to plasticized formula 

System test complete without evidence of exces-
sive drift . Special test simulating passive 
thermal control indicates no excessive drift 

Predominant material found was TG-15000 from 
tunnel hatch 

Charge holder retainer springs were in speci-
fication 

No evidence of cartridge malfunction 

Breakthrough pressure was 2 .  6 psig, which i s  
i n  specification 

Command module wiring and control circuits 
were normal . A microswitch which senses the 
position of the backpressure valve and , i f  
closed, inhibits the flow of water to the 
evaporator was intermittent 

A "solid11 type plug was found in the place of 
a "vent" type plug in the end of the vent line 

Silicon lubricant particles di scovered when 
gun was back-flushed 

No discrepancies were found 

Sensor output is erratic regardless of input 

0 I f\) 



TABLE C-I . - POSTFLIGHT TESTING SUMMARY - Continued 

ASHUR no. Purpose Tests performed Results 

Communications and Instrumentation 

106025 To determine whether failure of fuel cell l Check wiring continuity Wiring was proper 
oxygen flow rate measurement was caused by 
defective wiring 

106032 To determine cause for command module on board Perform failure analysis At a differential pressure of 2 . 25 psi , the 
recorder changing speed during entry cover would deform to bind the reel hub 

106033 To determine cause for failure of VHF recovery Inspect and perform deployment test During antenna deployment, an RF ground-plane 
beacon antenna to deploy radial, adjacent to gusset 4 ,  hung on the out-

board edge of the ramp 

106040 To determine cause for VHF recovery antenna 2 Inspect and perform deployment test The whisker hung when tightly stowed in the 
whisker hangup retention slot 

106045 To investigate losss of data during descent Verify commend module y,•iring All applicable data paths were normal 
orbit insertion 

106053 To determine whether intermittent nuclear Check wiring continuity Wiring was proper 
particle detection system temperature measure-
ment was caused by defective wiring 

106058 To investigate loss of uplink voice prelaunch Perform time domain reflectometer test on Test indicated coaxial cable was identical to 
coaxial uplink subcarrier cable cable used during mission 

Electrical Power 

106008 To investigate short between command module Perform isolation, resistance ,  and insulation Wiring was proper and circuit breaker trip 
circuit breaker 1 and fuel cell 1 resistance checks on command module wiring characteristics were normal 

Displays and Controls 

106009 To investigate .intermittent operation of launch Verify wiring to the annunciator. Perform System A lights 2 and 5 open and 3 and 4 
vehicle annunciator lamps failure analysis intermittent 

106013 To determine the cause for inverter 1 high Verify command module wiring and inspect con- Wiring was proper 
temperature caution and warning being out of nectars . Perform caution and warning system 
limits failure analysis 

106014 To investigate the 2-minute jump of the digital Perform failure analysis Tens of seconds failure duplicated in the nor-
event timer mal countdown mode . Minutes jump could not be 

duplicated. 

106043 To inve stigate abnormal operation of the ren- Verify command module wiring. Perform Gwitch Wiring was proper. Swi tch functioned properly 
dezvous radar transponder switch functional test and X-ray and X-ray showed no problem. Switch is to 

dissected 



ASHUR no. Purpose 

106007 To investigate the marginal operation of the 
water/gas separator bag 

' 106015 To investigate malfunction of the Hasselblad 

106028 electric camera 

106016 To investigate difficulty in applying the 
106017 magazine to the 16-mm camera and failure 

of camera to operate 

TABLE C-I . - POSTFLIGHT TESTING SUMMARY - Concluded 

Tests performed 

Crew Equipment 

Perform zero-g tests 

Perform failure analysis 

Check mechanical interface of camera and 
magazine . Perform electrical test and failure 
e...•1alysis 

) 

Results 

Bag inspected and all measurements in tolerance . 
Comparison with other design indicates new bag 

will work better. 

Damaged magazine caused binding of film, causing 

continuous overload on motor and subsequent 

failure 

Magazine interlock microswitch was interiili ttent 

because of a faulty plunger and contamination. 
Interface fit relief on magazine on low side of 

t olerances 

0 I 
..,. 
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APPENDIX D - DATA AVAILAEILITY 

Tables D-I and D-II are a summary of the data made 
system performance analys es and anomaly investigations . 
the data from the Command and Servi ce Modules and Tab le 

D-1 

available for 
Table D-I lists 

D-II lists the 
data from the Lunar Module . Although the t ables reflect only data pro
ces sed from Network magnetic tapes , Network data t abulations and computer 
words were availab le during the mi s s ion with approximately a 4-hour delay . 
For additional information regarding data avai lability , the status li sting 
of all miss ion data in the Central Metric Data File , buildi ng 12 , MS C ,  
should be consulted.  
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TABLE D-I . - COMMAND MODULE DATA AVAILABILITY 

Time , hr :min 
Range Standard Special Comput er Special 

O ' graphs Special 

station 
Bilevels 

bandpass bandpass words 
or brush plots 

From To 
programs 

recordings or tabs 

-04 : 00 00 : 00 MSFN X 

-00 : 01 +00 : 10 MIL X X X X X 

+00 : 01 00 : 23 MSFN X X X 

00 : 02 00 : 14 BDA X X X X X 

00 : 1 3  00 : 5 2  MS FN  X X X 

00 :52 00 : 59 CRO X 

01 :01 01 : 06 HSK X 

01 : 33 01 : 44 GEM X 

01 : 43 01 : 4 9  BAN X 

01 : 5 0  01 : 56 CYI X 

02 :25 02 :29 CRO X 

02 : 28 0 2 : 36 MER X 

02 : 32 0 2 : 40 GDS X X X X X X 

02 : 4 5  0 2 : 5 0  HAW X 

02 : 5 0  03 : 20 GDS X X X X X X X 

03 :20 03 : 30 GDS X 

03 : 30 04 : 4 1  GDS X X X X X X X 

03 : 37 07 :11 MSFN X X X 

03 : 50 03 : 54 GDS X X X X 

06 : 15 06 : 35 GDS X 

07 : 21 11 : 10 MSFN X X X 

08 : 40 09 : 10 GDS X X X X 

11 : 10 16 : 09 MSFN X X X X 

16 : 13 19 : 31 MSFN X X X X 

19 : 50 23 : 10 MSFN X X X X 

20 : 24 20 : 27 GDS X 

23 : 19 24 : 1 3  MS FN  X X X X 

24 : 15 27 : 19 MSFN X X X X 

26 :30 26 : 40 MAD X X X X X 

27 : 01 3 0 : 28 MSFN X X X X 

27 : 45 28 : 15 MAD X X X 

30 : 29 33 : 40 MSFN X X X X 

30 : 32 30 : 5 0  GDS X 

33 : 40 33 :44 GDS X X X 

33 : 4 3  34 : 17 MSFN X X X X 

33 : 44 34 : 15 GDS X X X 

34 : 17 34 : 49 MSFN X X X X 

34 : 49 36 : 16 MSFN X X X X 

36 : 18 39 :11 MSFN X X X X 

39:21 41 : 54 MSFN X X X X 

43 : 16 47 : 12 l£FN X X X X 

45 : 5 3  47 :26 l>!SFN X X 

47 : 23 48 : 13 MSFN X X X X 

h7 : 26 50 : 25 l>!SFN X X X X 

49 : 36 51 : 15 I>!SFN X X X X 

50 : 25 64 : 00 MSFN X X X X 

63 : 14 65 : 07 MSFN X X X 

65 : 14 67 : 12 I>!SFN X X X 

71 : 52 74 : ll l>!SFN X X X X 

75 : 43 77 : 48 MSFN X X X X 

75 : 55 76 : 23 GDS X X X X X X 

77 :48 78 : 36 GDS X X 

78 : 20 81 : 52 l£FN X X X X 

7 9 : 5 5  80 : 41 GDS X X 

80 : 24 80 : 27 GDS X X X X 

80 : 48 81 : 08 GDS X 

81 : 5 3  8 2 : 4 0  GDS X X 
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TABLE D-I . - COMMAND MODULE DATA AVAILABILITY - Continued 

Time , hr :min 
Range Standard Special Computer Special 

O ' graphs Special 

station 
Bilevels 

bandpass bandpass words 
or brush plots 

From To 
programs 

re cordings or tabs 

82 :46 87 :47 MS FN  X X X X 
83 : 50 84 :38 HSK X X 
85 : 49 86 :37 HSK X X X 
87 : 47 88 :35 HSK X X 
88 : 35 91 :20 MSFN X X X X 
89 : 45 90 :33 MAD X X 
9 1 : 41 95 :40 MSFN X X X X 
91 : 42 9 2 : 32 MAD X X 
93 :41 9 4 :29 MAD X X 
94 :56 95 :43 MADX X X X 
95 : 41 96 :27 MAD X X 
96 : 27 96 :48 MSFN X X X X 
96 : 42 96 :55 MADX X X 
97 :06 97 : 3 8  MADX X X 
97 : 06 99 :37 MSFN X X X X 
97 : 39 98 :27 GDS X X X 
9 8 : 23 9 8 : 54 MADX X X X X X 
99 :35 100 :25 GDS X X 

100 : 26 103 : 20 MSFN X X X X 
101 : 31 102 : 22 GDS X X 
104 :23 107 : 30 MSFN X X X X 
105 : 32 106 : 20 GDS X X 
107 : 31 10 8 : 17 GOS 

. 
X X 

108 : 15 10 8 : 57 HSK X X 

/ ··� 108 : 17 111 : 12 MSFN X X X X 
108 : 18 108 : 40 HSKX X X X 
109 : 29 110 : 15 GDS X X 
111 : 22 11 5 : 02 MSFN X X X X 
111 :27 112 : 14 HSKX X X 
113 : 26 114 :12 HSKX X X 
115 : 24 116:11 MAD X X 
116 : 42 120 : 16 MSFN X X X X 
117 : 21 118 :10 MAD X X 
119 : 20 120 : 17 MAD X X X X 
120 :16 12 3 : 05 MSFN X X X X 
120 : 17 121 :08 MAD X X X X 
121 : 0 4  122 : 37 GDS X X 
123 :11 126 : 49 MSFN X X X X 
123 : 17 124 : 05 GDS X X 
125 : 16 126 :06 GDS X X 
125 : 44 132 : 38 MSFN X X X X 
127 :14 128 :02 GDS X X 
129 : 13 130:00 GDS X X 
131 :11 131 :58 GOS X X 
132 : 38 136 : 39 MSFII X X X X 
133 :10 133 : 57 HSK X X 
134 :18 139 :05 MS FN  X X X X 
135 : 50 136 :05 HSK X X X 
137 : 07 137 : 35 HSK X X X 
137 : 35 137 :47 HSK X X X X X X 
139 : 19 143 : 21 MSFN X X X X 
143 : 06 148 : 40 MSFN X X X X 
145 : 41 146 : 08 MAD X 
148 : 40 151 : 03 MSFN X X X X 
150 :07 150 : 15 GDS X X X 
151 : 08 155 :07 MSFN X X X X 
15 5 : 17 163 :10 MSFN X X X X 

lr--
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TABLE D-I . - COMMAND MODULE DATA AVAILABILITY - Concluded 

Time , hr :min 
Range Standard Special Computer Special 

O ' graphs Special 

Bilevels or brush plots 

From To 
station bandpas s bandpass words programs 

recordings or tabs 

16 3 : 18 167 : 08 MSFN X X X X 
164 : 20 164 : 35 MAD X 
167 :12 177 : 32 MSFN X X X X 
177 : 22 177 : 32 GDS X X X X X 
177 : 32 191 : 45 MSFN X X X X 
187 : 57 190 : 05 l!SK X X X X X 
190 : 05 190 : 26 CRO X 
190 : 52 191 : 51 HSK X X X X X 
191 : 30 192 :04 DSE X X X X X X 
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TABLE D-II. - LUNAR MODULE DATA AVAILABILITY 

Time , hr :mi n Range Bandpass Computer 
Special O ' graphs 

Bit Rev. tabs or Bilevels word or Brush station 
plots tabs programs 

recorder 
rate From To 

82 : 42 83 : 08 4 GDS X X X Low 

83 :17 83 :23 4 GDS X X X X High 

83 :25 83 : 30 4 GDS X X X X High 

8 3 : 31 83 : 35 4 GDS X X X X High 

83 :35 83 :40 4 GDS X X X Low 

83 : 40 83 : 4 8  4 GDS X X X X High 

9 4 : 32 94 : 37 11 MAD X X X Low 

94 : 44 94 : 5 5  11 MAD X X X X X High 

94 : 56 95 : 40 11 MAD X X X X High 

96 :29 96 : 41 12 MAD X Low 

96 :41 96 : 5 5  12 MAD X X X X High 

96 : 55 97 :36 12 MAD X X X X X High 

9 8 : 0 5  98 :26 13 MAD X X X Low 

98 :27 98 : 5 5  13 MAD X X X X X High 

9 8 : 5 5  9 9 : 03 13 MAD X X X X X High 

9 9 : 0 3  9 9 : 34 13 MAD X X X X X High 

9 9 : 3 5  9 9 : 38 13 MAD X X X Low 

100 :26 100 : 41 14 MAD X X X X X High 

100 : 41 100 : 50 14 MAD X Low 

100 : 50 101 : 15 14 GDS X X X X X High 

101 : 16 101 : 36 14 GDS X Low 

102:27 103 : 32 15 GDS X X X X X High 

104 :23 105 :17 16 GDS X X X X X High 

106 :19 106 : 47 17 GDS X X X X High 

106 : 47 107 : 02 17 GDS X X Low 

107 : 02 107 :29 17 GDS X X X X High 

108 :17 108 : 5 7  1 8  GDS X X X X X High 

109 : 02 110 :00 - GDS X X X X High 

110 : 00 116:10 - IISK X X X X High 

116 :10 120 :00 - MAD X X X X High 
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