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1.0 SUMMARY 

The purpose of the Apollo ll r.ission vas to land men on the lunar 
surface and to return them safely to earth. The crew were Neil A. Arm­
strong, Commander; Michael Collins, Command Module Pilot; and Edwin E. 
Aldrin, Jr., Lunar Module Pilot. 

The space vehicle was launched from Kennedy Space Center, Florida, 
at 8:32:00 a.m., e.s.t., Juiy 16, 1969. The activities during earth 
orbit checkout, translunar injection, transposition and docking, space­
craft ejection, and translunar coast were similar to those of Apollo 10. 
Only one midcourse correction, performed at about 27 hours elapsed time, 
was reqvired during trans lunar coast. 

The spacecraft was inserted into lunar orbit at about 76 hours, and 
,,he circularization maneuver was performed two revolutions later. Initial 
checkout of lunar module systems was satisfactory, and after a planned 
rest period, the Commander and Lunar Module Pilot entered the lunar module 
to prepare for Qescent. 

The two spacecraft were undecked at about 100 hours , followed by 
separation of the command and service modules from the lunar module. 
Descent crbi t insertion was performed at approximately 101-1/2 hours, and 
powered descent to the lunar surface began about 1 hour later. Operation 
of the guidance and descent propulsion systems was nominal. The lunar 
module was maneuvered manually approximately 1100 feet downrange from the 
nominal landing point during the fir.al 2-l/2 minutes of descent. The 
spacecraft landed in tl:e Sea of Tranquillity at 102:45:40. The lar.;.ding 
coordinates were 0 degrees 41 minutes 15 seconds north latitude and 23 de­
grees 26 minutes east longitude referenced to lunar map ORB-II-6(100), 
first edition, December 1967. During the first 2 hours on the surface, 
the two crewmen performed a postlanding checkout of all lunar module sys­
tems. Afterwards, they ate their first meal on the moon and elected to 
perform the surface operations earlier than planned. 

Con�iderable time was deliberately devoted to checkout and donning 
of the back-mounted portable life support and oxygen purge systems. The 
Commander �gressed through the forward hatch and deployed an equipment 
module in the descent stage. A camera in this module provided live tele­
vision coverage of the Commander descending the ladder to the surface, 
with first contact made at 109:24:15 (9:56:15 p.m. e.s.t., July 20, 1969). 
The Lunar Hodule Pilot egressed soon thereafter, and both crewmen used 
the initial period on the surface to become acclimated to the reduced 
gravity and unfamiliar su.r·face conditions. A con.tingency sample was taken 
from the surface, and the television camera wns deployed so that most of 
the lunar module was included in its view field. The crew activated the 
scientific experiments, which included a solar wind detector, a passive 

• 
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sei smometer , and a las er retro-re fle ctor . The Lunar Module Pilot evalu­
ate d his ab ility to ope rate and move ab out , and was ab le to trans late 
rapi dly and with confi dence . Forty-s even pounds of lunar surface materi al 
were colle cte d to be returne d for analys is . The surface explorati on was 
con cluded in the allotted time of 2-1/2 hours , and the crew reentere d the 
lun ar module at 111-l/2 hours . 

As cent preparati on was conducte d effi ciently , and the as cent s tage 
lifted off the s urface at 124-1/4 h ours . A nominal firing of the ascent 
engine place d the ve·.1i cle i nto a 45- by 9 -mile orbit . After a rendezvous 
s equence s imi lar to that of Apollo 10 , the two spacecraft were docked at 
128 hours . Following trans fe r of the crew, the as cent s tage was jetti­
s one d ,  and the command and s ervi ce modules were prepared for transe arth 
i njecti on . 

The return flight s tarte d with a 150-second fi ring of the s ervi ce 
propuls i cn engi ne during the 31st lunar revoluti on at 135-1/2 hours . As 
i n  trans l�ar fli ght , only one midcours e corre cti on was required , and 
passive thermal control was exercised for mos t of trans earth coast. In­
clement weather nece s s itated movi ng the landi ng point 215 miles downrange . 
The entry ph ase was normal , and the command module lande d in the Pacific 
Ocean at 195-l/4 hours . The landing coordinates , as determi ned from the 
onboard computer ,  were 13 de grees 19 minutes north latitude and 169 de­
grees 09 �i�utes west longi tude. 

After landing ,  the crew donned bi ologi cal i s ol ati on garments . They 
were then retrieved by heli copter and taken to the primary recovery ship , 
USS Hornet . The crew and lunar materi al s ample s were placed i n  the 
Mobile Quarantine Fac i li ty for transport to the Lunar Rece i ving Lab ora­
tory in Hous ton . The command module was taken ab oard the Hornet ab out 
3 hours afte r landing . 

With the completion of Apollo 11 , the national obje ctive of landing 
men en the moon and returni ng them s afely to earth before the end of the 
de cade h ad been accomplished . 
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2.0 INTRODUCTION 

The Apollo 11 mission was the ele venth in a series of flights using 

Apollo flight hardware and was the first lunar landing mission of the 

Apollo Progran. It was also the fifth manned flight of the command and 
service modules and the third manned flight of the lunar module. The pur­

pose of the mission was to perfo1w a manned lunar landing and return safely 

to earth. 

Because of the excellent performance of the entire spacecraft, only 

the systems performance that significantly differed from that of previous 

missions is reported. The ascent, descent, and landing portions of the 

mission are reported in section 5, and the lunar surface activities are 

reported in section 11. 

A complete analysis of all flight data is not possible within the 
time allowed for preparation of this report. Therefore, report supple­

ments will be published for the guidance and control system, propulsion, 
the biomedic al ev aluation, the lunar surface photography, the lunar sample 

analysis, and the trajectory analysis. Other supplements will be publish­

ed as need is identified. 

In this report, all actual times are elapsed time from range zero, 

esta blished as the integral second before lift-off. Range zero for this 
mission was 13:32:00 G.m.t., July 16, 1969. All references to mileage 

distance are in nautical miles. 
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3.0 MISSIO� DESCRIPTION 

The Apollo 11 mission accomplished the basic mission of the Apollo 
Program; that is, to land two men on the lWlar surface and return them 
safely to earth. As a part of this first lWlar landing, three basic 
experiment packages were deployed, lWlar material samples were collected, 
and surface photographs were taken. Two of the experiments were a part 
of the early Apollo scientific experiment package which was developed for 
deployment on the lunar surface. The sequence of events and the flight 
plan of the Apollo 11 mission are shown in table 3-I and figure 3-1, re­
spectively. 

The Apollo 11 space vehicle was laWlched on July 16, 1969, at 
8:32 a.m. e.s.t., as planned. The spacecraft and S-IVB were inserted 
into a 100.7- by 99.2-mile earth parking orbit. After a 2-1/2-hour 
checkout period, the spacecraft/S-IVB combination was injected into the 
translWlar phase of the mission. Trajectory parameters after the trans­
lWlar injection firing were nearly perfect, with the velocity within 
1.6 ft/sec of that planned. Only one of the four options for midcourse 
corrections during the translunar phase was exercised. This correction 
was made with the service propulsion system at approximately 26-1/2 hours 
and provided a 20.9 ft/sec velocity change. During the remaining periods 
of free-attitude flight, passive thermal control was used to maintain 
spacecraft temperatures within desired limits. The Corrmander and Lunar 
Module Pilot transferred to the lunar module during the translunar phase 
tc make an initial inspection and preparatior. for systems checks shortly 
after lunar orbit insertion. 

The spacecraft was inserted into a 60- by 169. 7-mile lunar orbit at 
approximately 76 hours. Four hours later, the lunar orbit circulariza­
tion maneuver was performed to place the spacecraft in a 65.7- by 
53. 8-mile orbit. The Lunar Module Pilot entere d the lunar m odule at 
abot:.t 81 hours for initial power-up and systems checks . After the plan­
ned sleep period was completed at 93-1/2 hours , the crew donned their 
suits, transferred to the lunar module , and made final preparations for 
descent to the lunar surface. The lunar module was undecked on time at 
about 100 hours. After the exterior of the lunar module was inspected 
by the Command Module Pilot, a separation maneuver was performed with the 
service mod\L_e reaction control system. 

The descent orbit insertion maneuver was performed with the descent 
propulsion system at 101-1/2 hours. Trajectory parameters following this 
maneuver were as planned, and the powered d<!scent initiation was on time 
at 102-1/2 hours. The maneuver lasted approximately 12 minutes , with 
engine shutdown occurring almost simultaneously with the lunar landing 
in the Sea of Tranquillity. The coordinates of the actual landing point 

I f 
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were 0 degree 41 minutes 15 seconds north latitude and 23 degrees 26 min­
utes east longitude, compare� with the planned landing point of 0 degree 
43 minLtes 5 3  seconds north latitude and 23 degrees 38 minutes 51 seconds 
east longitude. These coordinates are referenced to Lunar Map ORB-II-6 
(100), first edition, dated December 1967. 

A 2-hour postlanding checkout was completed, followed by a partial 
power-down of the spacecraft. A crew rest period was planned to precede 
the extravehicular activity to explore the lunar surface. However, the 
crew elected to perform the extravehicular portion of the mission prior 
to the sleep period because they were not overly tired and were adjusting 
easily to the 1/6 gravity. After the crew donned their portab le life sup­
port systems and completed the required checkouts, the Commander egressed 
at about 109 hours. Prior to descending the ladder, the Commander deployed 
the equipment module in the descent stage. The television camera located 
in the module operated satisfactorily and provided live television cover­
age of the Commander's descent to the lunar surface. The Co�ander col­
lected the contingency lunar material samples, and approximately 20 min­
utes later, the Lunar Module Pilot egressed and dual exploration of the 
lur1ar surface began. 

During this exploration period, the television camera was deployed 
and the American flag was raised on the lunar surface. The solar wind 
experiment was also deployed for later retrieval. Both crewmen evalu­
ated their mobility on the lunar surface, deployed the passive seismic 
and laser retro-reflector experiments, collected about 47 pounds of lunar 
material, and obtained photographic documentation of their activities 
and the conditions around them. The crewmen reentered the lunar module 
after about 2 hours ll.t minutes of exploration. 

After an 8-hour rest n�riod, the crew began preparations for ascent. 
Lift-off from the lunar surface occurred on time at 124:22:00.8. The 
spacecraft was inserted into a 48.0- by 9.4-mile orbit from which a ren­
dezvous sequence similar to that for Apollo 10 was successfully performed. 

Approximately 4-1/2 hours a fter lunar module ascent, the command 
module performed a docking maneuver, and the two spacecraft were docked. 
The ascent stage was jettisoned in lunar orbit and the command and 
service modules were prepared for transearth injection at 135-1/2 hours. 

The acti vi -l:.ies during transearth coast were similar to those during 
trans lunar flig�1t . The service module was separated from the command 
module 15 minutes before reaching the entry interface at 400 000 feet 
altitude. After an automatic entry sequence and landing system deploy­
ment, th� �ommand module landed in the Pacific Ocean at 195-l/2 hours. 
The postlanding procedures involving the primary recovery ship, USS Hornet, 
included precautions to avoid back-contamination by any lunar organisms, 
and the crew and samples were placed in quarantine. 

J 
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After reaching the Manned Spacecraft Center, the spacecraft, crew, 
and samples entered the Lunar Receiving Laborato17 quarantine area for 
continuation of the postlanding observation and analyses. The crew and 
spacecraft were released from quarantine on Au gust 10, 1969, after no 

evidence of abnormal medical reactions was observed. 

• 
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TABLE 3-I.- SEQU:SNCE OF EVENTS 

Event 

Range ze':'o - 13:32:00 G.m.t., July 16, 1969 

L ift-off 

S-IC outboard engine cutoff 

S-I I engine ignition ( command) 

Laun�h escape tower jettison 

S-II engine cutoff 

S-IVB engine ign ition (command) 

S-IVB engine cutoff 

Trans lunar inject ion manewre r 

Command and service module/S-IVB separation 

First docking 

Spacecraft eject ion 

Separation maneuver (from S-IVB) 

F irst midcourse correct ion 

Lunar orbit insertion 

Lunar orbit circularization 

Undockir.g 

Separat ion maneuver (from lunar module) 

Descent orbit insertion 

Pcwered descent initiation 

Lunar landing 

Egress (hatch open ing) 

Ingress (hatch clos ing) 

Lunar l ift-off 

Coell ip tic sequence initiation 

Constant differential height maneuver 

Terminal phase in itiation 

*Engine ignition time. 

T ime, 
hr :min :sec 

00:0 0:00. 6 

00 :02:41. 7 

00:02:43. 0 

00:03:17.9 

00:09:0 8.3 

00:09:12.2 

00:11:39. 3 

02:44:16. 2* 

03:17:04. 6 

03:24:03.1 

04:16:59. 1 

04: 40 :01. 8* 

26:44:58.7* 

75:49:50.4* 

80:11:36 .8* 

100:12:00 

100:39:52. 9* 

10::.:36: 1.4* 

102:33:05.2* 

I .L02:45:39. 9 

109:07:33 1 111:39:13 

124:22:00.8* 

125:19:36* 

126:17:49. 6* 

127:03:51. 8* 

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

Event 
Time, 

hr:min:sec 

Docking 128 : 03 : 00 

Ascent stage jettison 130 : 09 : 31. 2 

Separation maneuver ( from ascent stage) 1 30 : 30:01* 

Trans earth injection maneuver 135 : 23 : 42 . 3* 

Second midcourse correction 150 : 29:57 . 4* 

Command module/service module separation 194 : 1..9 : 12 . 7  

Entry interface 19 5 : 03 : 0 5. 7  

Landing 19 5 : 2.8 : 35 

*En�ine ignition time. 
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4 . 0 PILOTS' REPORT 

4 . 1  PRELAUNCH ACTIVITIES 

All prelaunch systems operations and checks were completed on time 
and without difficulty. The configuration of the environmental control 
system included operation of the secondary glycol loop and provided com­
fortable cockpit temperature conditions . 

4 . 2 LAUNCH 

Lift-off occurrea precisely on time with ignition accompanied by a 
low rumbling noise and moderate vibration that increased significantly 
at the moment of hold-down �eleas e . The vibration magnitudes decreased 
appreciably at the time t ower clearance was verified .  The yaw, pit ch, 
and roll guidance-program sequences occurred as expe cte d .  No unusual 
sounds or vibrations were not ed while passing through the region of max­
imum dynamic pressure and the angle of attack remained near zero . The 
S-IC/S-II staging sequence occurred smoothly and at the expected time . 

Th� entire S-II stage flight was remarkably smooth and quiet and the 
launch es cape tower and boost protective cover were jettisoned normally . 
The mixture ratio shift was ac companied by a noticeable acceleration 
decreas e .  The S-II/S-IVB staging sequence occurred smoothly and approx­
imately a� the predi cted time . The S-IVB ins ertion trajectory was com­
pleted without incident and the automati c  guidance shut down yielded an 
insertion-orbit ephemeris, from the command module computer, of 102 . 1  by 
103. 9 miles . Communication between crew members and the Network were 
excellent throughout all stages of launch . 

4. 3 EARTH ORBIT COAST AND TRANSLUNAR INJECTION 

The insertion che cklist was completed and a series of spacecraft 
systems checks dis close d  no abnormalities. All t ests of the navigation 
equipment, including alignments and drift ch�cks , were s atis factory . 
The service module reacti on control thrusters were fired in the minimum 
impuls e  mode and verified by telemetrJ . 

No abnormalities were noted during preparati on for trans lunar injec­
tion . I•�:i. tiation of trans lunar injection was accompanied by the proper 
onboard indications and the S-IVB propellant tanks were repres.'>urized on 
s che dule . 

I I 
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The S-IVB st age reignited on time at 2:44 : 16 without igniti on or 
gui dance t rans ients . An apparent 0 . 5- to 1 . 5-degree pitch-attitude error 
on the attitude indi cators was not confirmed by the �ommand module com­
puter , whi ch indi cated that the attitude and attitude rate dupli cated the 
reference trajectory precisely (see secti on 8 . 6) . The gui ded cutoff 
yielded a velocity very close to that expected, as indicated by the on­
board computer . The entry monitor system further confirmed that the for­
ward velocity error for the transluna� injection maneuver was within 
3 . 3  ft/sec . 

4 . 4  TRANSPOSITION AND DOCKING 

The digit al autopi lot was used for the transpos ition maneuver s ched­
uled to begin 20 seconds after spacecraft separati on from the 8-IVB. The 
t ime delay was to allow the command and service modules to drift about 
70 feet prior to thrust ing back toward the S-IVB . Separation and the be­
ginning of t ransposition were on t ime. In order to as sure a pit ch-up 
maneuver for better vis ibility through the hatch window , pit ch axis con­
t rol was retained in a manual mode unti l  after a pitch-up rate of approx­
imately l deg/sec was att ained . Control was then given to the digital 
autopilot to continue the comb ined pitch/roll maneuver . However , the 
autopilot stopped pitching up at this point, and it was neces s ary to re­
establish manual control ( see section 8 . 6 for more discuss i on of this 
subject) .  This cycle was repeated several times before the autopilot 
continued the transposition maneuver . Consequently , additional time Emd 
reaction control fuel ( 18 pounds above preflight nominal) were required , 
and the spacecraft reached a maximum separation distance of at least 
100 feet from the S-IVB . 

The subsequent closing maneuvers were made normally under digital 
autopilot control , using a 2-deg/sec rate and 0 . 5-degree deadb and cont rol 
mode . Cont act was made at an estimated 0.1 ft/sec, without s i de velocity , 
but with a small roll mis alignment . Subsequent tunnel inspecti on revealed 
a roll index angle of 2.0 degrees and a contact mark on the drogue 4 inches 
long . Lunar module extraction was normal . 

4 . 5  TRANSLUNAR COAST 

The S-IVB was targeted to achieve a translunar injection cutoff 
velocity 6 . 5  ft/sec in excess of that required to place it on the desired 
free-return trajectory . This overs peed was then cancelled by a servi ce 
propuls ion correction of 20 ft/sec at 23  minutes after spacecraft ejec­
tion . 
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I'wo periods of cislunar midcourse navigation, using the command 
:nodule computer program ( P23), were planned and executed. The first, 

at c' hours, was primarily to establish the a:rparent horizon altitude for 

opti cal marks in the computer. The first determination was begun at a 

distance o:� approximately 30 000 miles, while the second, at 24 hours, 

was designed to accurately determine the optical bias errors. Excess 
t.i.me and fuel were expended during the first period because of difficulty 

in locating the substellar point of each star. Ground-supplied gimbal 

angles were used rather than those from the onboard computer. This tech­

nique was devisee'. because computer solutions are unconstrained about the 

optics shaft axis; therefore, the computer is unable to predict if lunar 

module structure might block the line of sight to the star. The ground­

supplied angles :prevented lunar module structure from occulting the star, 

tut were not accurate in locating the precise substellar point, as evi­

denced ty the fact that the sextant reticle pattern was not parallel to 
the hor�zon. Additional ma.."leuvers were required to achieve a parallel 

reticle pattern r,ear the point of horizon-star superposition. 

The sec:m<i period of navigation measurements was less difficult, 

largely because the earth appeared nruch smaller and trim maneuvers to the 

substellar point could be made much more quickly and econoiT�cally. 

The digital autopilot was used to initiate the passive thermal con­
trol mode at a positive roll rate of 0.3 deg/sec, with the positive lon­

gitudinal axis of the spacecraft pointed toward the ecliptic north pole 

during tr anslunar coast ( the ecliptic south pole was the direction used 

during transearth coast ) . After the roll rate was established, thruster 

firing was prevented by turning off all 16 switches for the service mod­

ule thrusters. In general, this met.h od was highly successful in that it 

maintaine d� satisfactory spacecraft attitude for very long periods of 

time and allowed the �rew to sleep without fear of either entering gimbal 

_Lock or encountering unacceptable thermal conditions. However, a refine­

ment to th:� procedure in the form of a new computer routine is required 

to make it foolproof frcm an operator's viewpo int. [ Editor's note: A 
new routine ( routine 64) is available for Apollo 12.] On several occa­

sions and for several different reasons, an incorrect computer-entry 

procedure was used, resulting in a slight waste of reaction control pro­

pellants. Satisfactory plat form alignments ( progr am P52, op·"ion 3 )  using 

the optics in the resolved mode and medium speed were possible while ro­
tating at 0 . 3 deg/sec. 

4.6 LUNAR ORBIT INSERTION 

The spacecraft was inserted into a 169.9- by 60.9-mile orbit based 
on the on board computer with a G-minute service propulsion maneuver. 
Procedural::.y, this firing was the same as all the other service propulsion 

J ' 
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maneuvers , except that it was st arted us ing the b ank-B propellant valves 
instead o f  b ank-A . The steering o f  the docked spacecr�ft was excepti on­
ally smooth , and the control of appUed velocity change was extremely 
accurate , as evidenced by the fact that res iduals were only 0 . 1  ft /sec 
i n  all axes . 

The ci rcularization maneuver was targete d  for a 66- by 54-mile orbi� , 
a change from the 60-mile circular orbit whi ch had been executed in pre­
vious lunar flights . The firing was normally ac complished us ing bank-A 
propellant valves only , and the onboard s oluti on o f  the orbit was 66 . 1  by 
)4 . 4  miles . The ellipt i city of thi s  orbit was supposed to  s lowly dis ­
appear because o f  i rregularities in  the lunar gravitati onal field , such 
that the command module would be in  a 60-mile cir cular orbit at the time 
of rende zvous . However , the onboard estimate of the orbit during the 
rendezvous was 6 3 . 2  by 56 . 8  miles , indicating the ellipti c ity decay rat e  
was les s  than expe cte d .  As a result the rendezvous maneuver s olut i ons 
di ffered from pre flight estimates . 

4 . 7  LUNAR MODULE CHECKOUT 

Two entries were made into the lunar module prior to the final activ­
ation on the day of landing . The first entry was made at about 57  hours , 
on the day before lunar orbit insertion . Televis ion and sti ll cameras 
were used to document the hat ch probe and drogue removal and init i al  entry 
into the lunar module . The command module oxygen hoses were used t o  pro­
vide circulat i on in the lunar module cab in . A leisurely inspect i on period 
confirmed the proper positioning of all circuit breaker and swit ch set­
tings and st owF�e items . All cameras were checked for proper operation . 

4 . 8  DESCENT PREPARATION 

4 . 8 . 1 Lanar Module 

The c rew was awakened ac cording to the flight plan s chedule . The 
liquid cooling garment and biomedical h arnes ses were donned .  In anti ci­
pation , these items had been unstowed and prepos i t i oned the evening be­
fore . Following a hearty breakfast , the Lunar Modt.le Pilot t rans ferred 
into the lunar module to accomplish initi al activation be fore returning 
to the command module for suit ing . This staggered suiting sequence 
served to ex�edite the final checkout and resulted in vnly two c rew­
members in the command module during each suiting operation . 



The s eque n c e  o f  act i vi t i es was e s s en t i al ly t h e s a':le a.s -c :c c,t Jeveloped 
for Apollo 10 , wi th only mi nor re fi nement s . Nume rous :Jetwork :-; ir�.u. l at i :ms 
an d  trai n i ng s es s ion s , i n cludi ng sui ted :Jf' erat i ons o f  t h i s  r!l� s s i vn ph as e ,  
i ns ur e d  t h e  comp le t i on o f  t h i s  exerc i s e  vri t h i n  the al l o t t e d  t i!'!le . As i n  
all previ ous ent ri e s  i nto t h e  lunar module , t h e  repre s s  uri zat i on v c  l ve 
produced a loud " b an g "  wheneve r it wa.s pos i t i oned tc CLOSE or ALJTC w i th 
t h e  c ab in regulat o r  off . Tran s fe r  of por,.rer from t h e  comman d w J dule t o  
the lunar module an d  elect r i c al power s ys tem act ivat i on were comple t e d  on 
s c h edule . 

The primary gly col loop was act ivat e d  ab out 30 mi nut e s  ear ly , wi th 
a slow but imme di at e  de creas e in gly col temperature . The act i v at i on con­
t i nue d to progr e s s  smoothly 30 to 40 m i nut e s  ah ead of s ch e dule . Wi th the 
Commander ent e r i ng t h e  lunar module e arly , th e Lunar Module P i lot h �d 
more t h an twi ce t h e  normally allot t e d  t ime � o  don h is pre s sure s ui t  i n  
t h e  command modul e . 

The e arly powerup of t h e  lunar module comp ut e r  and i ne rt i al meas ure­
ment un i t  enab led t h e  groun d t o  cal culat e  t h e  fi ne gyro t o rqui ng angle s 
f:Jr align i ng t h e  lunar module plat form to th e comman d module plat form 
b e �ore the lo s s  of commun i c at i on s  on t h e  lun ar far s i de .  Th i s  e arly 
alignment added ove r an hour t o  the p lanned t ime available for ru1a ly z i ng 
t h e  dri ft of t h e  lunar module gui dan c e  system. 

Aft e r  s ui t i ng , t h e  Lunar Module ? i lot ent e re d t h e  lun ar module , the 
drogue an d  prob e were i ns tal l e d , an d  t h e  h at c h  was clos e d .  :cluri ng t h e  
9.s cent - b at t ery checkout , t h e  •rari at i on s  i n  volt age pro duce d a not i ce ab le 
p i tch and i nt e ns i ty vari at i on i n  t h e  alre ady loud noi s e  of t h e  glycol 
punp .  Suit -loop pre s s ure i ntegr i ty an d  cab i n  regulator repre s sur i z at i on 
check s  were ac comp l i s hed wi thout di ffi culty . Act ivat i on of the ab ort 
gui d&�ce s y s t em produce d only one mi nor anomaly . An i llumi nat e d  port ion 
of one of the dat a readout nutneri cs f ai le d , an d  t h i s  resulted i n  s ome 
ambi gu ity i n  dat a re adout ( s e e  s e ct i on 16 2 . 7 ) .  

Follow i ng command module l � ci..rr.a!'k t r ack i ng , t h e  veh i c l e  was maneu­
vered to ob tsi n s tee rab le antenna acqui s i ti on and s tat e ve ct ors were up­
linked i nt o  t h e  primary gu i dan c e  comput e r . Th e l a11 di ng gear dep:oyment 
was evidenced by a s l ight j olt to t h e  veh i cl e . Th e re ac t i on control , 
de s cent propul s i on , and rende zvous radar sys tems were act i vat e d  an d  
che cke d out . Each pre s sur i z at i on W '?S con fi rme d b ot h  audib ly an d.  by i n­
s trument re adout . 

Th e ab ort gui dan c e  sys tem c al i b rat i on wa.s accomp l i s hed at th e pre­
planned veh i c le att itude . As th e conma� d  and s er>� ce modules maneuve re d 
b ot h  ve h i cl e s  to t h e  undocking at t i tude , a fi nal swi t ch and c i rcui t b•·eak­
er con fi�urat i on check was accompli s he d ,  follow e d  by donn in� o f  helme ts 
and glove s . 

- - - -------------------------------------.-...-. 
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4 . 8 . 2 Command Module 

Act i vi t i e s  after lunar o rb i t  c i r c ul ar i z at i on were rout i ne , w i t h  t he 

t i :::e o d n g  us e d  primari ly fo r phot ographs o f  the l w1ar s ur face . The 

a:::: : i  vat i on o f  the lunar module i n  prepe:.r at i on for des cent was , from the 
viewpo i nt of the Cornman� Module ?i lot , a we ll organi zed and fai rly l e i ­

s ur e ly pe r i o d . During t h e  abort gui den ce system c al i b rat i on ,  the command 
module was rr.ai nt aine d at a fixed att i t ude for seve ral minutes with out f i r­
i ng thrus t e rs .  It was easy t o  s t ab i l i ze the s pace craft with min imum i�­
puls e c ont rol prior to the req�i red period so that no thrus t e r  fi rin�s 
we re nee ded for at leas t  10 minutes . 

'l'he p robe , drogue , and hat ch all funct i oned pe r fe c t ly , and the 
operat ion of clos i ng out the tunnel , preloading the probe , and cocking 

the lat ches was done rout inely . Previous pract i ce with instal lati on and 
removal o f  the probe and drogue during trans lWlar coast was mos t  helpful . 

1vo pe ri ods o f  orb i t al navigat i on ( P22 ) we re s chedule d with the lu­
nar module att ache d .  The first , at 83 hours , cons i s t ed o f f i ve marks on 
the � rat e r  Kamp in the FoaMing Sea . The te�hnique use d  was tu approach 
th·: t arget rrea in an i ne rt i al at t i t ude h o l d  mode , with the X-axis be ing 
roug:11y hori zontal when the s pa�ecra.ft re ache d an e levat i on angle of 
3 5  l�grees from the t arget , a t  wh i �h point a p i t ch down o f  approximate ly 
0 . 3  Jeg/sec  was begWl . Th i s  t e chn ique was ne c e s s ary t o  as s ure a 2-l/2 
minute mark pe ri od evenly di s t r i b u t e d  ne ar tbe zen ith  and was per formed 
w i thout di ffi c ulty . 

'I'he ;, e :::: ond navigat i on exerc ise was pe r fnrmP d on the following day 

s h o r t ly p !"i o r  t o  s e p arat i o n  from the lWlar module . A series o f  five marks 
was t ak e �  on a s�all c rate r on the i nn� r north wal l of c rate r 1 30 . The 
p re vi ous ly :�es c :.· i be,1 �. e chni 1ue was use d , except that two forward firing 
thrus ters ( .or.e- y aw and or;e p i t c h ) w�re inh ib i t e d tc preclude thrust im­
p i ngement -: .. n ', h•� dep L oy t· d rende zvous -r!ldar a.'11 s t�·e rable antPnnas . The 
re iu ·.: e d  r i  t cri au�nori "v:J d oub le d the t ime req·-Li red , to app roximately 
3 3 e ·� c n ds ..., .:", �:: us i ng a.: celera.ti on corurr.e.ad , t-. o ach i eve a 0 .  3 deg/sec t:i t ch­
do',r>� n '. � . ::: r. c �t h  ·� a:; e s , the p i t ch rat e w a.q achi � ved without re ference 
t:J -:.r1;. c. �: b oarl rat ·! i m. t rument at i on by s imp ly t imi ng the durat i on o f  
.q, c  ' < < �" r • . ::. ion- ::: o.::lLI".d hLn ·l c .:>nt rol l e r  i nputs , s i n c e  the Cor"'ar,d Module 
F : l. .�- � ,,. .�s i r; � ne :. . we r  e•1ui pmen t. b ay at the t ime . 

�· .: i , :· �vent t 'v two ·;eh i c le.; from s U p p i n g  an:i 'lence ups ett i ng the 
1·) : :� -� l .:. :.lrl'il" r:-.odU..:.t:> plat fo rm al i gn:r.ent , ro l l  thrus t e r  firings we re i n­
n � :: i 1, e d  at , e r  probe pre load w1t i l  the t ·.lr.ne l  had b e e r, vented t '-'  app ro xi ­
:'i' . t' l:J � ps i .  0nl ·; s i n�le roll J e t  aut h or i �:r wn.s us e d  'l rt e r  ':. t-.e 1 ps i 
r ) i ;l t  w aa re f\che1 a.nri until the tWlnel pres s ure was zero . 
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4 . 9 UNDOCKING AND SEPARATION 

Parti cular care was exercised in the operation of both vehi cles 
throughout the undocking and separation sequences to insure that the lu­
nar module guidance computer maintained an accurate knowledge of position 
and velocity. 

The undocking act i on imparted a velocity to the lunar module of  
0 ,4 ft /sec , as measured by the lunar module primary guidance system. The 
abort guidance system disRgreed with the primary system by approximately 
0 .2 ft/sec , whi ch is well within the preflight limit. The velocity was 
nulled , assuming the primary system to be correct.  The command module 
undocking velocity was maintained until  reaching the desired inspection 
distance of  40 feet , where it was visually nulled with respect to the 
1 unar module . 

A visual inspection by the Command Module Pilot during a lunar module 
360-degree yaw oaneuver confirmed proper landing gear extension . The 
lunar module maintained pos ition with respect to the command module at 
relative rates believed to be les s  than 0.1 ft /sec. The 2.5-ft /se c , radi­
ally dmrnward separation maneuver was performed with the command and serv­
ice modules at 100 hours to enter the planned equiperiod separati on orbit . 

4.10 LUNAR MODULE DESCENT 

Th e  first optical alignment of the inert i al plat �orm in preparation 
for des cent orbit insertion was accomplished shortly after entering dark­
ness following separation . The torquing angles were approximately 0. 3 de­
gree , indi cating an error in the docked tuignment or s ome plat form dri ft .  
A rendezvous rada.r lock was achieved manually , and the radar boresight 
coincided with that of the crew optical sight . Radar range was substan­
tiated by the VHF ranging in the command module . 

4.10.1 Descent Orbit Ins e rt ion 

The des cent orb i t  ins e rt i on maneuver was performed with the descent 
engine in the manual throttle con figurat i on .  Ignit i on at the minimum 
throt t le sett ing was smooth , with no noi s e  or sens at i on of ac celerat i on . 
A fter 15 s e c onds , the thrust level was advanced to 40 percent , as planne d .  
'i"n rottle response was smooth and free o f  os ci llat i ons . The gui ded cutoff 
le ft res i duals or les s  than 1 ft /s e c  in each ax i s . The X- and Z-axis 
res i duals were reduced to zero us ing the react i on control system . The 
compute r-determined ephemer i s  was 9 .1 by 57 . 2  miles , as compared w i th the 
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p re d i ct e d  value of 8 . 5 by � 7. 2  mi les . The abort gui dance system con­
firmed that the magnitude of the maneuver was corre ct . An addi ti onal eval­
uat ion was performe d us i n� the rende zvous radar to ch eck the relat ive ve­
loc i ty between th e two srace craft at 6 and 7 mi nut es sub s eque�t to the 
maneuver . Thes e values corresponded to the predi ct e d  dat a within 0 .  5 ft/ 
s ec . 

4 . 10.2 Ali gnment and Navigat i on Checks 

Jus t prior to powere d  des cent , the angle b etween the li ne of s i ght 
to the sun and a sele ct e d  axis o f  the i nert i al  plat form was compared with 
the onb oard comput er pre di ct i on of that angle and thi s  provi ded a che ck 
on inert ial platform dr i ft .  Three such measurements were all with i n  the 
spe c i fied tolerance , but the 0 . 08-degree spread between them was s omewhat 
larger than expect ed.  

Vi sual ch ecks of dowr�"t"ange and cro s srange pos i ti on indi .:!ate d  that 
ign i tion for th e powere d des �ent firing would occur at approximate ly  the 
correct locat i on over the lunar surface . Bas ed on measurements of the 
line-o f-sight rate of landmarks , the estimates of alt i tudes converge d on 
a predi ct ed alt itude at ign i t ion of 52 000 fe et above the surface . Th 2se 
me asurements were s li gh tly degraded becaus e of a 10- to 15-degree y aw b i as 
mai nt aine d to improve commun i c at i ons margi ns . 

4 . 10 . 3  Powered De s cent 

Ign ition for powered des cent oc curred on time at the rnQ n1mum thrus t 
leve l ,  and the engi ne was automat i c ally advan ce d to the fixe d  throt tle 
po int ( maximum thrus t ) after 26 s e conds . Vi sual pos ition checks i ndi ­
cated the space craft was 2 or 3 s econds early ove r a known l andmark , but 
with ve ry little cros sr��ge error . A yaw maneuve r t o  a face-up pos i tion 
was ini t i ated at ar1 alt i tude of about 45 900 feet approximat ely 4 mi nutes 
after ign ition . The landi ng radar began rece i vi �  alt i tude dat a  immedi ­
ately . The alt itude di fference , as di splayed from the radar and the com­
puter , was approximately 2800 feet . 

At 5 minutes 16 seconds aft er igni tion , the fi rs t of a s eri es of 
compute" alarms i ndi cat e d  a comput e r  ove rload condi tion . These al arms 
cent i nue ti intermi tt ently for more than 4 mi nutes , and although conti nua­
tion of t�� t raj e ctory was permi s s ible , mon i tori ng of the computer i nfor­
mat i on display was occas ionally pre cluded ( s ee s ect i on 16 . 2 . 5 ) .  

Att i tude thrus ter f i r i ngs were heard dur i ng each maj or att i tude 
maneuver and i ntermi ttently at oth er t ime s . Thrus t re duct ion of the 
des cent propuls ion sys tem occUi re d nearly on t ime ( planne d  at 6 mi nutes 
24 s econds aft e r  i gn i t i on ) ,  contribut i ng  to the p redi ct i on that the 
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l anding would probably be downrange of the intended point , inaErr.uch as 
the computer had not been corrected for the observed downrange error . 

The trans fer to the final-approach-phase program ( P64 )  occurre d at 
the predi cte d  time . After the pitch maneuver and the radar antenna pos i­
t i on change , the control system was trans ferred from automati c  to -�he 
attitude hold mode and control res ponse checked in pitch and roll . Auto­
mat i c  control was restored after zeroing the pitch and yaw errors . 

After it became clear that an automati c  des cent would terminate in a 
b oulder field surrounding a large sharp-rimmed crater , manual control was 
ag ai n  ass ume d , and the range was extended to avoid the uns ati s factory land­
ing area .  The rate-of-des cent mode o f  throttle control ( program P66 ) was 
entered in the comput er to reduce altitude rate so as to maintain suffi­
cient hei ght for landing-site surveillance .  

Both the downrange and crossrange pos it i ons were adj usted to permit 
final des cent in a small relatively level area b ounded by a boulder fi eld 
to the north and si zeable craters to the east and s outh , Surface obs cura­
t i on c aus ed by b lowing dust was �pparent at 100 feet anl became incre as ­
ingly s evere as the altitude decre as e d .  Although vis ual determination o f  
hori zontal velocity , att it ude , and altitude rate were degraded ,  cues for 
these variables were adequate for landing , Landing condit i ons are> esti­
mated to have been 1 or 2 ft /sec le N ,  0 ft /sec forward , and 1 ft /sec 
down ; no evi dence of vehicle instab i lity at landing was observe d .  

4 . 11 COMMAND MODULE SOLO ACTIVITIES 

The Command Module Pilot cons oli dated all known document at ion re­
qui rements for a s ingle volume , known as the Command Module Pi lot Solo 
Book , whi ch was very useful and took the place of a flight plan , rende z­
vous book , updates book , contingency extravehi cular che cklist , and so 
forth . This book wa.c; normally anchored to the Command Module Pi lot by 
a clip attached to the end of his h�lmet tie-down strap . The s leep period 
was timed to coincide with that of the lunar module crew s o  that radio 
s i lence could be obs erve d .  The Command Module Pilot had complete t rus t 
in the various systems experts on duty in the Mis s ion Control Center and 
there fore was ab le to s leep soundly .  

The method used for target acquis it i on ( program P22 ) whi le the lunar 
module was on the s urface varied cons iderably from the docked case . The 
opt i cal alignment s ight ret i cle was placed on the hori zon image , and the 
res ult i ng s pacecraft attitude was maintained at the orbital rate manually 
in the minimum impulse cont rol mode . Once stabilized , the veh i cle main­
t ained this attitude long enough to allov the Command Module Pi lot to 

J ' 



4-10 

move to the lower equipment bay and take marks . He could als o move from 
the equipment bSlf to the hatch window in  a few seconds to cross-check 
attitude . This  method of operation in general was very satis factory . 

Despite the fact that the Command Module Pilot had several uninter­
rupted minutes each time he passed over the lunar module , he could never 
see the spacecraft on the sur face . He was able to s can &� area of approx­
imately l square rr�le on each pas s , and ground estimates of lunar module 
position varied by several miles from p!� S  to pass . It is  doubt ful that 
the Command Module Pilot was ever looking precisely at the lunar module 
and more likely was observing an adj acent are a .  Although it was not pos­
s ible to assess the ability to see the lunar module from 60 miles , it was 
apparent there were no flashes of specular light with which to attract 
his attention . 

The vis ibility through the sextant was good enough to allow the 
Command Module Pilot to acquire the lunar module ( in flight ) at distances 
of over 100 miles . However , the lunar module was lost in the sextant 
field of view j ust prior to powered des cent ir.itiation ( 120-mile range ) 
and was not regained unti l  after as cent insert ion ( at an approximate range 
of  250 miles ) ,  when it appeared as a blinking light in the night sky . 

In general , more than enough time was available to monitor systems 
and perform all neces sary funct ions in a leisurely fashion , except during 
the rendezvcus phase . During that 3-hour period when hundreds of computer 
entries , as �ell as numerous marks and other manual operations , were re­
quired , the Command Module Pilot had little time to devote to analyzing 
any off-nominal rendezvous trends as they developed or to cope with any 
syst ems malfunctions . Fortunately , no additional attention to these de­
tai ls was required .  

4 . 12 LUNAR SURFACE OPERATIONS 

4 . 12 . 1  Post landing Che ckout 

The post landing checklis t  was completed as planne d .  Venting of the 
des cent oxi di z e r  tank s  was begun almost immedi ate ly . When oxidi zer pres­
� ure was vent e d  t o  between 40 and 50 psi , fue l was vent ed to the same 

pres s ure leve l .  Apparent ly , the pres s ure indi c at i ons received on the 
ground were s omewhat h igher and were incre as ing with t i me  ( s ee s e c t i on 
16 . 2 . 2 ) . At ground reque s t , the valves were reopened and the t anks vented 
t o  15 psi . 



Platform alignment and preparation for early li ft-off were comp leted 
on s chedule without s i gni fi c&nt problems . The � s s i on timer malfuncti oned 
and dis playe d  an imposs it le number that could not be cor1 elated with any 
speci fi c  failure t ime . A fter s everal unsuc ces� ful attem�t s to recycle 
thi s t imer , it was turned off for 11 hours to cooL The ti:ne r  was turned 
on fur as cent and it operated proper�y and performed s atis factori ly f0r 
the rem�nder of the mi s s i cn ( see s e ction 16 . 2 . 1 ) . 

4 . 12 . 2  Egress Preparati on 

The crew had given cons i derable thought to �e advant age of � egin­
ning the extravehi cular activity as s oon as pos s ib le after landing instead 
o f  following the flight plan s chedule of having the surface 0peraticns be­
tween two rest periods . The initi al rest peri od was planned to allow 
flexibility in the event of unexpected di f fi culty wHh post landing act iv­
ities . These di ffi culties di d not materi alize , the crew were not overly 
t i re d , and no problem was expe rienced in adj usti ng to the l/6-g envi ron­
ment . Based on thes e facts , the decision was made at 104 : 40 : 00 to pro­
ceed with the extravehi cular act i vity prior to the first rest peri od . 

Preparation for extravehi cular act ivity began at 106 : 11 : 00 . The es­
timate of the preparat i on time proved to be opt imi s t i c . In s imulations , 
2 hours had been found to b e  a reas onable allocation ; however , everything 
had als o  been laid out in an orderly manner in the cockpit , and only those 
items involved in the ext ravehi cular activity were pres ent . In fact , 
there were checklists , food packet s , monoculars , and other mi s cellaneous 
items that interfered with an orderly preparat i on . All thes e  items re­
qui red s ome thought as to thei r  pos s ible interference or use in the extra­
veh i cular act ivity . This interference resulted in exceeding the t imeline 
est imat e by a cons i derable amount . Preparation for egress was conducted 
slowly , c�re fully , and deliberately , and future mis s i ons should be plan­
ne d and conducted with the s ame philosophy . The extravehi cular activity 
preparat ion checklist was adequate and was closely followed .  However , 
minor items that required a dec is ion ia real time or h ad not been con­
s i dered be fore fligh t  required more time than anti c ipated.  

An electrical connector on the cable that connects the remote con­
trol unit to the port able li fe s upport system gave s ome trouble in mat ing 
( s ee section 16 . 3 . 2 ) . This problem had been occas i onally encountered 
us ing the s ame equipment be fore fli ght . At least 10 minutes were required 
to connect each unit , and at one point it was thought the connect i on 
would not be succes s fully complet ed.  

Cons i derable di ffi culty was experienced with voice communications 
when the ext raveh i cular transceivers were used ins i de the lunar module . 
At times communicat i �na were good but at other times were garb led on the 
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ground for no obvi ous reason . Out s i de the vehi cle , there were no appre c i ­
able communicat iow problems . Upon i ngre ss from t h e  surface , these di ffi ­
cult i e s  recurre d ,  but under di fferent condi t i ons . That i s , the voi ce 
dropout s to t he ground were not repeatable i n  the s s.me manner . 

Depre s suri zat ion of the lunar module was one asp ect of the mi s sion 
that h ad never been completely p er formed on the groun d .  In the var i ous 
alt itude ch amber tests of the spacecraft and the extravehi cular mob i li ty 
un i t ,  a complete s et of auth ent i c  conditions was never pre s ent . Tr e de­
pressuri zat ion of t he lunar module through the b acteri a filter took much 
longe r than h ad been ant i c i pat e d .  The indi cated cab i n  pre s sure did not 
go below 0 . 1  p s i , and some concern was experi ence d in openi ng the forward 
hatch agai nst thi s res idual pres sure . The hatch appeare d t o  b end on ini­
t ial open i ng ,  and small part i cl e s  appeared to b e  b lown out around the 
hat ch when the seal was brok en ( s ee s e ct ion 16 . 2 . 6 ) .  

4 . 12 . 3  Lunar Module Egre s s  

Simulat ion work i n  both t h e  water immers ion fac i l ity an d  "'�h e  1/6-g 
environme n t  i n  an airplane was reas onab ly  ac curat e  i n  prepar i ng the c rew 
for lunar module egre s s . Body pos i tioning an d  archi ng-the-back t e chnique s 
that were required to exi t the hatch were performe d , and no unexp ected 
prob lems were experi ence d .  The forward plat form w as  more t h an  adequate 
to allow ch angi ng the body pos i t ion from that us ed in egre s s i ng the hat ch 
to that requi red ror getting on the ladde r .  The firs t ladder s tep was 
somewhat di ffi cult to see an d  require d  caut ion and foreth ought . In gen­
eral , the 11at ch , porc h ,  and ladder operat ion was not p art icularly di ffi ­
cult ru1 J caused li ttle �oncern . Operat i on s  on the plat form could b �  
perfom.e d wj  tnout los ing body balance , and there was ar'.eqo.:.'lte room for 
maneuvering . 

The init i al operat i on of the lunar equipment conveyor i n  lowering 
t he came ra was sat i s factory , but after th e straps had become covered with 
lur. ar surface material , a problem aros e  i n  t ransport ing the equipme nt b ack 
i nto the lunar modul e . Dust from this equ� rment fell back onto the lower 
crewmember ��d into the cab i n  ar.d seeme d  t o  bind the conveyor s o  as to 
requi re cons i derable force to operate it . A�te rnatives i n  t ransport i ng 
eqU:. pment into t he lunar module h ad been suggested before fli ght , and 
alt hough there was no opport uni ty to eval uat e  these techniques , it i s  
beli eve d  they might b e  an improveme nt ove r the conveyor .  
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4 . 12 . 4  Surface Exploration 

Work in the 1 /6-g environment was a pleasant experience . Adaptat i on 
to movement was not di fficult and seemed t o  be quite natural . Certain 
spe c i fi c  peculiarit ies , such as the effect of the mas s versus the lack o f  
t raction , c an  be ant ic ipated but complete fami liarizat i on nee d  not be 
pursue d .  

Th e  most effective means o f  walking s eemed t o  b e  the lope that 
evolved naturally . The fact that both feet were occasionally off the 
ground at the s ame t ime , plus the fact that the feet did not return to 
the surface as rapidly as on earth , required s ome anti c ipation before at­
t empting to stop . Although movement was not di fficult , there was noti ce­
ab le res istance provided by the suit . 

On future flights , crewmembers � want to cons i der kneeling in order 
to work with their hands . Gett ing to and from the kneeling pos ition would 
be no problem , and being able to do more work with the hands would increase 
the productive capabi lity . 

Photography with the Hasselblad cameras on the remote control unit 
mounts produced no proble�s . The first panorama was taken whi le the 
camera was hand-held ; however , it was much eas ier to operate on the mount . 
The handle on the camera was adequate , and very few pictures were trig­
gered inadvertently . 

The solar wind experiment was eas i ly  deployed .  As with the other 
operat i ons involving lunar surface penetration , it was only pos s ible t o  
penetrat e  the lunar surface material about �. o r  5 inches . The experiment 
mount was not quite as s table as des i re d ,  but it stayed erect . 

The televi s ion system presented no di ffi culties except that the cord 
was continually getting in the w� . At first , the white cord showed up 
well , but it s oon became covered with dust and was therefore more di ffi ­
cult to see . The cable had a "set " from being coi led around the reel and 
would not lie �ompletely flat on the surface . Even vh�n it was flat , 
however , a foot coul d st ill slide under , and the Ccmmander became en­
t angled several times ( s ef� section 16 . 3 . 1 ) . 

Collecting the bulk sample required more time than ant icipated be­
cause the modular equipment stowage assemb ly  tab le vas in deep shadow , 
and collecting s amples in that area vas far les s  des i rable than taking 
those in the sunlight . It was &ls .J des i rable to take s amples as far from 
the exhaust plume and prope llant contaminat i on as pos s ible . An attempt 
;�as made to inc lude a hard rock i n  esch s ample , and a total or about 
twenty trips were required to fi ll the box . As ir. s imulat ions , thd di f­
fi culty o f  s cooping up the material vitbout throwing it out as the s coop 
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became free created some problem . It was almost impos s ible to colle ct a 
full scoop o f  material , and the task req_uil·ed about double the planned 
time . 

Several of the operati ons would have been eas i e r  in sunlight . Al­
though it was possible t o  see in the shadows , time must be allowe d for 
dark adaptation when walking from the sunlight into shadow . On future 
mis s i ons , it would be advantageous to conduct a y aw maneuver j ust prior 
to landing so that the des cent stage work are a  is in sunlight . 

The s cient i fi c  experiment package was easy to deploy manually , and 
s ome time was s aved here . The package was easy to m�tage , but finding 
a level area was q_uite di ffi cult . A good horiz on reference was not avail­
able , and in the 1 /6-g environment , phys ical cues were not as effect ive 
as in one-g . There fore , the s election of a deployment s ite for the exper­
iments caused s ome problems . The experiments were placed in an area be­
tween shallow craters in surface material o f  the s ame cons ist ency as the 
s urrounding area and whi ch should be stable . Cons iderab le e ffort was 
req_uired to change the slope o f  one of the experiments .  It was not pos ­
s ible to lower the eq_uipment by merely forcing it down , and it was nec­
es s ary to move the experiment back and forth to s crape away the excess 
s urface material . 

No abnormal condit i on s  were noted during the lunar module inspection . 
The insulation on the secondary struts had been damaged from the heat , 
but the primary st ruts were only singed or covered with soot . There was 
much les s  damage than on the examples that had been seen before fli ght . 

Obt aining the core tube s amples presented s ome di ffi culty . It was 
impos sible to fore� the tube more than 4 or 5 inches int o the surface ma­
terial , yet the mat e ri al provided insuffi ci ent resistance to hold the ex­
t ens ion handle in the upright pos ition . Since the handle had to be held 
upright , this pre cluded us i ng both hands on the hammer . I n  addit ion , the 
res istance of the s uit made it difficult t.-J steady the core tube and still 
swing with any great force . The hammer actually missed several times . 
Suffi cient force was obt ained to make dents in the handle , but the t ube 
c ould only be driven to a depth of about 6 inche s . Extraction offered 
litt le or virtually no res ist ance . Two s amples were t aken . 

Insuffi cient time remained to take the documented sample , although 
as wi de a variety of rocks was s elected as remaining time permitted .  

The pe rform�1ce o f  the extravehicular mobility unit was excellent . 
Ne ither crewman fe lt any thermal discomfort . The Commander used the mini­
mum cooling mode for most of the surf�ce operation . The Lunar Module 
Pi lot switched to the maximum diverter valve pos ition immedi ately after 
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s ublimator startup and operated at maximum position for 42 minutes be fore 
switching to the intermedi ate pos ition .  The switch remained i n  the i. nter-· 
medi ate pos ition for the durat ion of the extravehi rular activity . The 
thermal e ffect of shadowe d areas versus those are as in sunlight was not 
detectab le ins ide the s uit . 

The crewmen were kept phys i cally cool and comfortable and the eas e  
o f  performing in the 1/6-g environment indi cate that t asks requi ring 
greater phys i cal exertion may be undertaken on future flight s . The Com­
mander experienced s ome phys ical exertion whi le transporting the s ample 
return container to the lunar module , but his phys i cal limit had not been 
approached . 

4 . 12 . 5  Lunar Module Ingres s 

Ingress to the lunar module produced no problems . The capab ility 
to do a vert i cal jump was used to an advantage in making the first step 
up the ladder . By doing a deep knee bend , then springing up the ladder , 
the Commander was able to guide his feet to the third step . Movements 
in the 1/6-g environment were slow enough to allow deliberate foot place­
ment after the j ump .  The ladder was a bit s lippery from the powdery sur­
face material , but not dangerously s o .  

As previously stated , mobility on the platform was adequate for 
developing alternate methods of t rans ferring equipment from the surface . 
The hatch opened e as i ly , and the ingress technique developed before 
flight was s at is factory . A concerted effort to arch the b ack was required 
when about half way through the hatch , to keep the forward end of the port­
able li fe s upport system low enough to clear the hat ch .  Th� re was very 
little exertion ass ociated with trans ition to a standing pos ition .  

Because of the bulk o f  the extravehi cular mobility unit , caution had 
to be exercised to avoi d  bumping into swit ches , circuit breakers , and 
other controls while moving around the cockpit . One circuit breaker was 
in fact broken as a result of contact ( see section 16 . 2 . 11 ) . 

Equipment j ettison was performed as planned , and the time taken before 
fli sht in determining the items not required for li ft-off was well spent . 
Cons iderable weight reduction and incre ase in space was realized . Dis­
carding the equipment through the hatch was not di ffi cult , and only one 
item remained on the plat form . The post-ingress checklist procedures were 
performed without di fficulty ; the checklist was well planned and was fol­
lowed precis ely . 
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4 . 12 . 6  Lunar Re st Period 

The re s t  period was almos t a complete los s .  The helmet and gloves 
were worn to rel i eve any subconcious anxi ety about a loss of cabin pres ­
sure and pres ented no problem. But noi s e, lighting, and a lower-than­
des ired temperature were annoying. It was uncomfortably cool i n  the suits, 
even wi th water-flow di sconnected. Oxygen flow was fi nally cut off, and 
the helmets were removed, but the noi s e  from the glycol pumps was then 
loud enough to interrupt sleep. The w indow shade s did not comple tely 
block out light , and the cabin was i llumi nated by a combinati on of light 
through the shades,  warning li ghts , and display li ghting. The Comm�der 
was res ting on the ascent engine cover and was bothered by the light enter­
ing through the telescope. The Lunar Module Pilot es timated he slept fit­
fully for perhaps 2 h ours and the Commander did not sleep at all, even 
though body pos i tioning was not a problem. Becaus e of the reduced gravity ,  
the pos i tions on the floor and on the engine cover were both qui te comfort ­
able. 

4 .13 LAUNCH PREPARATION 

Ali gn ing the platfol� befo re lift-off was complicated by the limi ted 
number of stars available. Becaus e of sun an d earth interference, only 
two detents effectively remaine d from which to s elect s tars .  Accuracy is 
greater for s tars clos e  to the center of the fi eld , but none were avail­
able at thi s  loc,..._ti on. A gravi ty/one-star alignment was succes sfully per­
formed. A manua.:i. averaging technique was used to s ample five s ucces sive 
cursor readings and then five spi ral readings. The result was then enter­
ed into the computer. This  technique appeared to be easier than t ak ing 
and entering five separate readings . Torquirg angles were clos e to 
0 . 7  degree in all three axe s and indicated that the platform did dri ft. 
( Editor ' s  note: Platform dri ft  was wit� in specification limits . )  

After the alignment , t h e  navigat i on program was entered . I t  i s  

recommended that future crews update t h e  ab ort gui dan ce system w i th the 
primary guidance state ve ct or at t h i s  poi nt an d  then us e the ab ort guid­
ance system t o  determi ne the command module lo c at i on . The primary guid­
ance sys tem cannot be us ed to determi ne the comman d module range and range 
rate, and the radar w ill not lock on until the command mo dule is with i n  
400 miles range . The abort guidance system prov i de s  good data as t h i s  
range is approache d .  

A cold - �ire reaction control system check and abort gui dance system 
cali brat i on were performed , and the as cent pad was tak en. About 1• 5 mi n­
ut es pri er to l i ft - off , another pl at form alignme nt was p erforme d .  The 

l an ding s i te al i gnme nt option at i gn i t i on vas used for li ft - of f .  The 
torquing angles for thi s al ignment were on the order of 0 . 09 degree . 

'I 
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In accordan c e  with ground i ns truct ions , the rende zvous radar was 
placed i n  the ant enna SLEW pos it ion with th e c ircui t breakers off for 
as cent to avoid re cur renc e of th e al arms experi enced duri ng de s cent . 

Bot h crewmemb e rs had forgotten t h e  small h eli um pres sure de creas e 
indi c at ion that th e Apollo 10 crew experi enced when th e as cent t anks 
were pre s sur i zed and th e creu ini tially beli eve d th at only one t ank h ad 
pre s s ur i z e d .  Thi s  overs ight was temporary and de laye d crew veri fi c at i on 
of proper pres suri zat i on of b ot h  t anks . 

4 . 14 ASCENT 

The pyrot echni c no i s es at de s cent s tage s eparat i on were quite loud , 
but as cent -engi ne i gn i tion was i naudible . The yaw and pitch maneuvers 

were very smoot h . The pitch- and roll-at t i t ude limi t cycles were as ex­
pect ed and were not ac compan i ed by any phys i ologi cal di ffi cult i es . Both 
the primary and ab ort gt:.idance sys tems i ndi cat e d  the as cent to be a dupli­

cat e of the planned t raj e cto�r . The gui de d  cut o f f  y ielde d re s i duals o f  
le s s  t h an  2 ft / s e c ; and th e inplane components were nulled t o  with i n  
0 . 1  ft / s e c with the re act ion control sys tem . Througho ut th e t raj e ctory , 
the groun d t rack could be vi sually ve ri fi e d ,  although a p itch att i tude 
confirmat i on by us c of the hori zon in th e overhead window was found to 
be quite diffi cult becaus e of the hori zon ligh t i ng condi tion . 

4 . 1 5 RENDEZVOUS 

At orb ital i.:1s ert ion , the prim� gu idance system showed an orb i t  of 
47 . 3  by 9 . 5 mi les , as compared tc·  the abort guidance system solut i on of 
46 . 6 by 9 . 5  mi les . S i nce radar r·ange-rate dat a  were r.ot avai l ab le , the 
Network qui ckly con fi rmed that tl:. e orb i tal i ns e rt i on was sat i s factory . 

In the pre fli gh t planni ng , s tars h ad  been ch os en that would be i n  
the fi eld of view and L·equire a mi ni.mum amount of maneuve ring t o  get 
through al ignment ar.:d back in plane . This mai ntenance of a nearly fixed 
at ti tude would permi t the radar to be t urned on and the acqui s i tion con­

di tions des ignated s o  that marks for a coell i pti c sequence initiat ion 
s olut i on would be immedi ately avai lable . For s ome reas on duri ng the s im­
ulat ions , these pre s ele cted s tars h;� not bee n  corre ct ly lo c ated relt"\t ive 

to the hori zon , and s ome t ime and fuel were was ted i n  firs t maneuvering 
to the s e  stars , fai ling to mark on th em , and then maneuve ri ng to an alter­

nate pair . Even with thes e problems , the al i gnment was fi ni shed about 
28 minutes before coellipt i c  s eque nce i nitiat i on , and it was pos s ib le . o  
proceed with radar lock -on . 



4 - 1 :3  

A l l  four s o urces for t h e  coe l l i pt i c  s e quence i n i t i at i on s ol ut i on 
ag reed t o  within 0 . 2 ft / s e c ,  an accuracy that h ad ne ve r b e e n  obse rved 
b e fore . 'l he Cor.unande r e le c t ed to use t he p r i mary gui danc e  s o lut i on w i th ­
o u t  an r  out -o f-p l ane '.:.hrus t i ng .  

The coe l l i p t i c  s �quence i n i t i at i on me.neuver was ac c omp l i s :-.·� d us i ng 
t h e  pL1s Z th rus t e rs , an d radar leek-on was mai n tained throughout the 
f i L ing . Cont i n ued navi gat i on t rac ki ng by both veh i cles i ndi c at e d  a plane 
change maneuver of ab out �-1/2 ft /se c , b ut the c rew e lected t o  defer t h i �  
s mall corre ct i on 4nt i l  terM i nal ph ase i n i t i at i on . The ve ry small out - o f­
plane ve loc i t i e s  t hat ex i s t e d  bet�ee n  the s p ac e c raft orb i t s  indi ca� e d  a 
h i ghly accurate lunar s ur face ali grur.ent . As a re s ult o f  the h i ghe r-than­
expected e l l i pt i c i ty . J f  the command module o rb i t , b ackup ch art s o:ut i ons 
we re not pos s i b le fo r the first two rende z vow maneuve rs , and the con­
s t ant d i f fe re n t i al he i ght maneuver hai a h i ghe r-t h an-expe cted vert i cal 
c omponen t . The comput e rs i n  both spac e c ra ft  agreed c losely on the ma­
ne uve r value s , and the l�� ar module p r i mary guidance computer s olut ion 
was exec ute d , us i ng the mi n us X th rust e rs .  

Dur ing the coe l l i pt i c phase , radar t racki n g  dat a we re i ns e rted into 
the ab o rt gui dan ce system t o  ob t e.in an indep·�ndent i n t e rcept gui dance 
s olut i on .  The pr i:nary gui dance s olut i on w as  6 - 1/2 mi nutes lat e r  than 
p l anne d . riow e ve r , the i n t e rce{:'t t raj ectory was qui te :10mi nal , with only 
two small mi dc ours e  c o:::- rP. c t i on .;; u f  1 . 0  and l .  5 ft /s e c . The l i ne-of­
q i ght rat e s  WL" re low , and the planned b rak i ng s che dule was us e d  t o  reach 
a s t at i on-kee p i nr pos i t i on . 

I n  th� p ro c e s s  o f  marV.! '..lVe ri ng the lun n r  module t v  the dock i ng att i ­
t ·..�d� , wh i l e at the 3 11l!le t i me avo i ding d i l·e c t  s un l i ght i n  the fo rward win­
dows , t he pl at form i n adve rt e n t ly re ac he d � i :noal lock . The dock i ng vas 
complet e d U.!.1 i ng the ,,b o r t gu i dance sys t er.1 ��or at t i t ude cont rol . 

4 . 16 COMr.W.D �·f�iJULE DOCKING 

Pre-dock.ir; g  a� t i vit ies i n  the conunand ccdule we re normal in all 
re s p�c�. s , as vao3 doc k ing up t o  the point of p robe c apt ure . A ft e r  the 
C oounand Module P i lot aa �e rt a i ned that a !'I Ucces s ful c apt ure had occurre d , 
as indi c at e d  by "barbe rpole " indi cators , the C�IC-FREE swi t ch p os i t i on 
was us ed and one ret r�ct bottle fi re d .  A r i �ht yaw excurs i�n o f  approx­
imately 15 degrees immedi ate ly took place for 1 or 2 s e conds . The 
Command Module P i  lot went b ack to CMC -Alr.'0 and made h and-controller i n­
put s t o  reduce the an�le betwe en the two veh i : le a  to ze ro . At doc k i ng 
th ru; ter f i r i ngs o c c urred unexpe ctedly i n  the lur ar module when the 
retr9.ct mf:' c h an i sm vas ac t uate d ,  and at t i t  · 1� o:xcars i cns o f  up to 1 5  1P.­
� rees we re ob s e rve d .  7he lunar modul e  vau mRnual ly re al i gned . Wh i le 

TT 
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this mane uver was i n  progres s ,  all twelve docking lat ches fired �1d 
docki ng was completed s uccess fully . ( See s ect i on 8 . 6 . 1  for f urther di s ­

c us s i on . ) 

Following docking , the tunn e l  was cleared and the probe and drogue 
were stowed in the lunar module , The i t ems to be trans ferred to the 
command module we re cleaned us ing a vacuum b rus h att ached to the lunar 
module s ui t  return hose . The suC" t i on was low and made the process 
rather tedi ous . The s ample return cont aine rs and fi lm  magaz ines were 
placed in appropr·i ate bags to complete the t rans t'er , and the lunar 
module was con figured for jetti s on ac cord i ng to the checklist  procedure . 

4 . 17 TRANSEARTH INJECTION 

The time betwee n  docki ng and transe arth inject i on was more than 
adequat e to clean all equipment contaminated with lunar surface materi al 
and return it to the command module for stowage s o  that the necess ary  
preparat ions ror transearth inject ion could b e  made . Th e  t r:U\s e a.rth in­
j ection mane uver , the last se rvi ce propul s ion engine firing of the flight , 
was nominal . The only di fference between i t  and previ ous fi rings was 
t h at w i t hout the docked lunar module the s t art t rans i ent was apparent . 

4 . 18 TRAN3E.ARTH CO.I\ST 

During trans e artn coast , faint spots or s c inti llat i ons of ligh� were 
obs erved within the command module cabin . Thi s phenomenon became appare nt 
t o  the Commande r  and Lunar Module P i lot a rt e r  they became dark-adapted and 
re laxe d .  [ Edi t or ' s  note : The s ource o r  c ause o f  the light s c inti llat i ons 
i. s as yet WJknown . One explanat i on i nvolves primary cosmi c  rays , vith 
energies i r. the range of b i l l i ons o f  elect ron volts , bombarding an obj ect 
i n  out e r  S t>ace . The theory as s ume s  that numerous heavy and high-energy 
cosmi c part i cles penet rate the command module st ructure , caus ing heavy 
i oni zat i on ins i de the s pacecraft , \lhen libe rated electrons recombine 
vith i ons , photons in the vi s ib le porti on of the spectrum are emit ted . 
I f  a s uffi c ient numbe r o f  photons are emit t e d ,  a dark-adapted obse rver 
could de tect the phot ons as a small s pot or a streak of light . Tv a  s imple 
l aborat c ry  expe riments vere conduct�d to s ubstant i at e  the theory , but no 
pos i t i ve res ults ve re obt alned in a 5-ps i pressure environment because a 
high enough ene rgy s ource vas not available to create the radi at ion at 
t h at p1·es s ure .  Th i s leve l  o f  rad i at i on does not present a c rev hazard . ] 

_...., _ _______________________ _..,., .... , 



Jnly one !lli. dcourse corre c t i on , a reac t i on cont rol system fi r i n g  o f  
4 . 8  rt /s e c , was re qui red dur i ng t rans e arth coast . I n  gene r al , the t ran s ­
e art h c ::>e.s t pe r i od w as char ac t e r i z e d  b y  a gene ral re laxat i on o n  t he p art 
o f  t ile :: rew , w i t h  p lenty of t i r..e avai lable � o  s a.'np l e  the ex<:'e1 lent var i e ty 
o f  fooJ packet s  and to take phot ographs o f t he s h r i nk i n� moon and the 
t; rwv i ng e art h . 

4 . 19 SNTRY 

Be c aus e  o f  t h e  p res en c e o f  t h unde rstorms in the p r imary recove ry  
!:.re a  ( 1 2 8 5 uli. .le s  doW"n range i rom the e n t ry i nt e r face o f  400 000 fee t ) , 
t ne t arl�e t e d  l and i ng poi nt was moved to a range o f  1500 !lli. 1es from ent ry 
i n t e r fac e . TI1 i s  ch ange r�qu i re d  the us e o f  compute r  program P6 5 ( s k i p­
up cont rol rout i ne ) :!. n  t he comput e r , i n  add i t i on to those programs used 
fu r the F lanned s h o rt e r  range ent ry .  Thi s  change c aus e d  the c rew s ome 
apprehens i on ,  s i nce s uc h  ent r i e s  had rare ly b e e n  p r ac t i c e d  L1 pre fl i gh t  
s i:nu.lat i on s . Howe ve r , during the ent ry ,  these parame t e r� remai ne d  w i t h i n  
ac ce p t ab le l i m i t s . ':'he e nt ry w as  gui ded automat i �� al ly an d  .ras nominal i n  
al l re:J pe c t s . ':'he fi rs t  ac c e l e rat i on p u.l s e  reached app roximat e ly 6 . 5 g 
a.r: J t t:e s e c ond i) , ,J g . 

L, . 20 RECOVERY 

Jn t n e  L and i n g , the 1 3-knot s ur f'lce w i w l  fi lled the p arachut e s  and 
i :nrne d i at e lJ' r o t at e d  t'r.e command modu.le i n t o  the apex down ( s t ab le I I )  
f l ot at i on pos i t ion p r i o r  t o  p arachut e re l e as e . Mode rate wave - i n duce d  
o s c i l lat i ons ac c e le rat e d  the up r i ght i ng s e quence , wh i ch w as  comp le ted i n  
l e ::� s t h an  5 r.i n ut e s . :ro d i f fi cul t i e s  we re encounte red i n comple t i ng the 

rest l an di ng ch e ckl i s t . 

7he b i o l og i c al i s o l at i on garment s ve re donned ins i de the s p acec raft . 
'� rev t r!:IJ'ls fe � i n t o  the raft was fo l lowed by hatch c l os ure and by de con­
� ami n at i on o f  the s pace c r aft ��d c rew membe rs by ge rmi c i da l  s c rubdown . 

He l l cop t. e r  p i c k up we.s 1 e r formed as pl arme d , b 1 1 +;  vi s i b i l i ty was s ab­
s t ant i �l ly deg r ade d b e cause Jf mo i s t ure conden s at i cn on the b i olog i c al 
i s o l at � J n �arment fac e p l at e . The he l i c opt e r  t rans fe r  t o  the ai rcraft 
c �: r i e r  vas p� r formed as 1u i ck. ly as could be expe c t e d , but the tempe ra­
t ttre i n c r 0 11S e  i ns i de t h �  3 U i t  vas uncomfo rt ab le . Trans f� r f rom the h e l i ­
c o pt e r  i n t o  •. r. e mob i l e �uarant i ne fac i l i ty c omp l e t e d  t he voy age o f  
Ar c l l �� : 1 . 
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5 .  0 LUNAR DESCENT AND ASCENT 

5 . l  DESCENT T RAJECTO RY LOGIC 

The lunar de scent t raj ectory , s h own in fi gure 5 - l , b egan vi th a 
des c ent orb i t  i ns ert ion maneuver targe ted to p l ace t h e  s pacecraft i nto 
a 60- by 8 . 2 -mi le orb i t , wi th t h e  peri cynth ion lon gi tude locat ed ab out 
260 mi l es up r ange from the landi ng s i te . Powered des cent , shown i n  
figure 5 - 2 , vas i n i t i at e d  a� pe ri cynth i on and cont i nue d down t o  landi ns . 

The powere d  de s cent t raj e ct ory vas des igned con s i de r i ns s uch factors 
as opt imum propellant us age , navigat i on un c e rt ai nt i es , landins radar p er­
formance , te rrai n un c e rt a i nt i es , and crev vis i b i l i ty res t r i ct i on s . The 
bas i c premi s e  during t r aJ e ct o ry  des ign v as  to mai ntai n near-optimum us e 
of propellant duri ng i n i t i al  b rak ing and to p rovi de a s tan dard fi nal 
approach from vh ich the landins area can te as s es s ed and a d�s i rab le 
landing lo cat ion s elect e d .  The onboard gui dan ce c apab i l i ty al lows t h e  
cre v to re -des ign ate the de s i red landing poz l t ion i n  t h e  comput e r  fo r 
automat ic execut ion or , i f  l at e  i n  t h e  t t·aj e ct ory , to take over manually 
and fly t h e  lun ar module to the de s i re d po i nt . To p rovi de these des cent 
charact e ri s t i c s , compat ibi l i ty between the automat i c  and manually con­
t rolled t raj e ctories was re qui re d , as we l l  as ac ceptab le f ly i ng qual i ty 
un de r  manual cont rol . Be caus e o f  gui dance d i s p ers ions , s i te -select ion 
un ce rt ai nt i es , vi s i b i li ty re s t ri ct ion , and 1.1n d.e fi ne d  s urface i rregular i ­
ties , adeq uat e flexi b i l i ty i n  t h e  t e rmi nal - approa�h techni que v as  p ro ­
v i ded t h e  c rev , with t he pri nci pal limi tat ion b e i ng des cent p ropell an t  
quant i ty .  

The maJ o r  ph as es o f  powe red des cent are the brak i ng phas e ( vh i ch 
te rmi nat e s  at 7 700 fee t  alt i tude ) ,  t h e  approach O:" vis ibi l i ty phas e  ( to 
approxi mat e ly  500 feet alt i tude ) ,  and the final landi ng phas e .  Three 
separat e comput e r  programs , one for each phase , in the primary gui dance 
system execute the des i red t r aj e cto1y s uch that the various pos i t i on ,  
veloc i ty , accele rat i on , and vi sibi l i ty con s t rai nts are sat i s fi ed .  Thes e 
programs p rovide an automat i c  gui dance and control cap'lb i l i ty for the 
lunar module from pove red des ce nt i ni t i at i on to landi n � .  The b rak i ns  
phas e  program ( P6 3 ) i s  i ni t i at e d  at approximat e ly 40 mi nutes be fore de­
scent engi ne i gn i t ion and controls the lun ar module unt i l  the final ap­
proach phas e  program ( P64 )  is automat i cally ente red to p rovide t r aj e ctory 
condit ions and landins s i te vi s ib i l i ty .  

I f  de s i red d\u- i ng a nomi nal des �e nt , the crev m� select the manu"Ll. 
landi ng ph as •.? program ( P66 ) prior to t h e  comple t i on of fi nal approach 
ph as e progr am P64 . I f  the manual l an di ng phas e program P66 is not ente re J , 
the automat i c  landi ng program ( P6 5 ) vould t e  e nte re d automat i cal ly vhen 
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t i ::�e - t o-150 e q,uals 1 ..2  se c ond.s at an a lt i t ude o f  ab out 150 fee t , ·:::"1e aut o­
m3 t i c  : an d i ng ph as e  program Pc 5 in i t i ates an aut 0mat i c  des cent by n ul l i ng 
� h e  !10r i :.: o n t a l  ve loc i ty re l at i ve to the s ur face and mai n t ai n i ng the rate 
.J f  Je s cen t at 3 f't / s e c . :'he manual lan d i ng phas e ?•_:,o is i ni t i at ed whe n 
t :: e  � rew �hanges the pos i t i on o f  t:1e p r i mary .;ui d an c e  mode con t r o l  s w i t c h  
!'ror.� aut or.�at i c t o  at t i t ude-hold and t he n actuates the rate-o f-des •!e n t  c on ­
t ro l  swi t ch . Veh i c le at t i t ule changes are t h e n  cont ro l le d  manual ly b y  t h e  
..: rew , the ·les cen t eng i ne throt t le i s unde r comput e r  cont ro l , and the Com­
mande r can i nt roduce 1 - ft /s e c  i n c reme n t s  in t he .:ie s c e nt rate us i ng t h e  
r at e - o f- des c e n t  sw i t ch . 

·:n roughout the des c ent , max i mum use was made onb oar d , as we ll as on 
t!1e g round , o f  al l  dat a ,  sys t em res pons es ,  and cues , based on veh i c le 
pos i t i o n  w i t h  res p e c t  to des i gnated l un ar feat ures , to as s ure prcper 
ope rat i on o f the onb oard syst ems . The two onboard gui dance sys tems prc­
vided the c rew • i th a cont i n uous check of s e l e c t e d  navi gat i on parameters . 
�ompari s ons we re made on the gro und be tween dat a from each o f  the onboard 
sys t ems and c omparab l e  i n fo rmat i on de r i ve d  from t r ac k i n g  dat a .  A powe red 
:'l i gh t proces s o r  was us e d  t o  s i r.�ul t aneous ly N duc e Do p p le r  t rack i n g  dat a 
�rom three or r.�o re �round s t at i ons and cal c ul ate the req u i red parame t e rs . 
A fi l te r i ng t e chn i que was us e d  to compute  corre c t i ons to the Jop p le r 
t rack i ng dat a !ll'ld the reby de fine an ac c urat e veh i c le s t at e  ve c t o r . The 
�rour. d  .:la t a  we re us e d  as a vo t i ng s ource in cas e  o f  a s low di ve rgenc e be ­
twe e n  the t w o  o n b o ard s y s t ems . 

5 . ?  PREPARAT I ON FOR P0\olE�E:D DESCE:IT 

7he c rew e n t e re d  :U1 d b egan ac t i vat i on of the lunar �dule follow i ng 
the fi rst s leep pe r i od t n  l un ar orb t t  ( s ee s e c t i on 4 . 8 ) . A li s t i ng o f  
s i gn i fi c ant events for l un ar module des cent i s  pres e n t e d  i n  tab le 5 - I . 

Undoc k i ng was accom� l i shed on s chedule j us t  prior to acqui J ! t i on o f  
s i gnal o n  lunar re vo l ut i on 1 3 .  A ft e r  the lunar module i n s p e c t i on by the 
Corru·. md Module P i lot , a se parat i on maneuve r was pe r fo rme 1  ty the command 
an d  s � rv i c e  modules , and 20 mi nutes lat e r , the rende z vous radar and VHF 
rw1g i ng out p uts were compare d .  The two systems agreed and i n di c ated 
0 , 7 -m i le i n  range . The ine rt i al me &$ urement unit was al i gned opt i c al ly 
f'Jr tne f i rs t  t i me , and the res ul t i n g  gtro torqui ng · ·.ngles we re we l l  w i t h ­
i n  the p l at fo nn  dr i ft c r i t e r i a for a s at i s fac t o ry  pr iLlary s y s t em .  Des cent 
orb i t  i n s e rt i on was pe r form�d on t i me approx i�ate ly 8 mi nutes a ft e r  loa � 
o f  : i.n t•oo�or;.;. l i ne-of-s ight . :'ab le 5 - I I  cont ains the t r aj e ct ory i n fonnat. i on 
•Jn des cent <J rb i t  i ns e rt i on , as rep o rted  by the e re·• fol l ow i ng a-:qui � i t i on 
J f  s i gn a l  ::n revo l ut i on 1 4 . A re l at i ve ly ._a.rge Z - ax i s  res i dual fo r the 
g,b ort gui dance sys t em was cause d  by an i n c o r re c t ly lo aded t arget .-ecto r .  
·,a t h  th i s  e x c e pt i on , the re s i duals we re we l l  w i t h  i n  the three - s i gma d i s ­
pe rs i-:>n  ( t: l us  :: r  mi n us  ) .6  ft /s e c ) predi cted  be fo re f l i ght , 
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Following des cent orbit  insert ion , rendez vous radar dat a we re recorded 
by the Lunar Module Pi lot and used to predi ct th at the pericynthion point 
would be at approximate ly 50 000 feet alt i t ude . I ni t i al checks us ing the 
landing point des i gnator capabi lity produced clos e agreement by indi c at i ng 
52 000 fee t . The crew also reported that a solar s i ghting , pe r formed 
following des cent orbit ins e rtion and us ing the ali gnment teles cope , was 
wel l within the powe red des cent ini t i at i on go/no-go criterion of 0 . 25 de­
gree . The solar s ight ing cons i s ted of acqui ring the s un  through the tele­
s cope and comparing the actual gimbal angles to those theoret i cally re­
qui red and computed by the onboard compute r  for this observat ion .  �is 
check is an even more accurate indicat i on of plat form performance i f  the 
0 . 07-degree b i as  correcti on for the teles cope rear d�tent pos it i on i s  
s ubt racted from the recorded dat a.  

The compar i s on of veloc i ty res i duals between ground tracking data 
and the onboard system , as calculated along the earth-moon line-of-s i ght , 
provided an additional che �k on the performance of the primary gui dance 
sys tem . A res i dual of 2 ft /sec was recorded at acqui s i t ion o f  s ignal 
and provided con fidence that the onboard state vector would have only 
small altitude and downrange velocity magnitude errors at powe red de­
s cent init iat i on . The Doppler res i dual was computed by comparing the 
ve loc ity meaa •�ed along the earth-moo� line-o f-s ight by ground tracking 
with the R ame veloc i ty co�ponent computed by the primary system . As the 
lunar module approached powered des cent ini tiat i on , the Doppler res i dual 
began to i ncrease i n  magnit ude to about 13 ft/s�c . Since the earth-�oon 
l i ne-of-s i ght vector was almost normal to the veloc ity vector at this 
point , the res idual indicated that the primar; system estimate of its 
stat e vector vas approximately 21 000 teet uprange of the actual state 
vector . Th i s  s ame error vas also re flected in the real-t ime comparisons 
made us i ng  the powe red flight processor previous ly mentioned .  Table 
5-I I I  is  a comparison o f  the latitude , longitude , and altitude between 
the bes t-estimated-trajectory stat"" vector at powered des cent initia­
tion , that carried onboard , and the pre fl ight-calculated traj ectory . 
The onboard state-vector errors at powe red des cent ini tiat i on res ulted 
from a combinat i on of the fol lowing : 

a .  Uncoupled thruster fi ri ngs during the docked landmark tracki ng 
exerc ise 

b .  Unaccounted for velocity accrued during undocking and s ubse­
quent ins�ection and stat i on-keeping act i vity 

c .  Des cent orbit insert i on res i dual 

d .  Propagated errors i n  the lunar potent i al  fUnction 

e .  Lunar module vent ing . 
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5 .  3 POWERED DESCE:'lT 

�e po� e re d  de s cent maneuve r began � i t h  a 2o-s e c ond t h r us t i n g  pe r i o� 

a� mi nimum thro t t le . Imme d i at e ly a ft e r  i gni t i o n , S -b and commun i c at i on s  
�e re i n t e rrupt e d  momen t ar i ly b ut �e re ree s t ab l i s h e d  w h e n  t h e  an t e nna w as  
s w i t ched from th� aut omat i c  t o  the s lew pos i t i on .  The des cent maneuve r 
•..r as i n i t i at e d  in a face-dovn at t i t ude t o  p e rm i t  t h e  c rew to make t i me 

marks on s e le c t ed landmarks . A l an d i ng-p o i n t - des i gnat or s i ght i n g  on th� 

crater Maske lyne W was approx imate ly 3 s e conds e arly , con f i rming the s us ­
p e c t e J  do� nrange erro r . A y aw maneuve r to face-up at t i t ude was i n i t i ated 

fo l l ow i ng the landmark s i ght i ngs at an indi c at e d  alt it ude o f  about 
45 �00 fee t . The maneuve r took long e r  than exp e c t e d  b e c aus e  o f  an i n cor­
rect s e t t i n g  of a rate d i s p l ay  s�i t c h . 

Landi ng radar lock-on occurred be fore the end o f  the yaw maneuve r , 
� i Ln t he s pac e c r a ft  rotat ing at &Fp r�ximate ly 4 deg /s e c . The al t i t ude 

d i f�e rence bet�een t h at c al c ul at e d  by the on� o ard comput e r  and t h at de t e r­

mi ne<.! by the l an d i ng radar �as app roximat e ly 2800 fee t , w h i c h  ag rees � i  t h  

t h e  !!.l t i t ude e rror s us pe c t e d  from the :Jop p l e r  re s i dual comp!\ri s on . Rad'lr 
'l. l t i � ude U!Jdat e-s ,, f the -;:,nboarJ comput e r  we rt<? enab led at 10�� : 38 : 45 , and 
the li f ferences conve rged ·,; i t h i r. 30 se conds . \'"? l o c i  ty update s  began aut o­

mat i c al ly 4 s e conds a� e r  enabl i ng the al t i t ude updat e . Two alt i t ude -

i i  ffe r,.,.n c e  trans i e n t s  oc c urred dw· i ng comput e r  al arms and �e re apparen t ly 
as s oc i 'l.t e d  w i th i n c omplete r'ldar <lata readout ope rat i ons ( see s e c t i on 16 . 2 . 5 ) .  

T:H� r educ t i on i n  t h rottle s e t t ing �as predi c t e d  t o  ot.:c ur  38 4 s e conds 
1. ft e r  ign i t i  ) n ; ac t ual t h rott l'� reduc t ion o c c urred at 386 s e conds , indi ­
::: at i n g  n01ni na.l pe r formance o f  the d�s cent eng i ne . 

7ne fi rs t o f  f i ve compute r  al arms o c c urred approx imat e ly 5 mi n ut e s  
a ft e r  i n :. t i at i on o f  t h e  des cent . O c c urrences o f  the s e  alarms are i r: di ­
c at e d  i n  � ab le 5 - I  ��d are d is c us s t<? d i n  1e t ai l in s e c t i on 16 . 2 . 5 .  A l ­
though t h "?  a.:.arms d i d  n o t  deg r ade the pe r f')rmance o f  any p r i mary gui dance 
or :ont rol func t i on , they d i d  i n t e r fe re with ar. early as se s sment by the 
c rew of th� l an di ng approach . 

Arr i v al at h i �h gate ( end o f  b r!lk. i :-,6 pn as e ) and the aut omat i c  s w i t c h  
t o  f i n a l.  ll.f prca�h ph as e  prograo:1 r64 oc curred a t  7129 fee t  a t  a des c ent rate 
of 12)  ft / s e c . 7he s e  values are s l i ght ly lowe r than pred i cted but w i t h i n  
acce p t ab le b o undar i e s . A t  about 5UOO fee t , the �ommander swit ched h i s  

cont rol mode from automat i c  to at t i  t ud"!-h :) l d  t o  che ck manual cont rol i n  
ant i c i pat i on o f  the final des cent . 

A r · c r  the p i t ch ove r at h i gh gate , the land i ng po int des i gnator i ndi ­
cated th at the approach path was lead i ng into a large crat e r . An unplan­

ned rede s i gn�t i on was int roduced at th i s  t ime . To avo i d  the c rate r ,  the 

, 
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Commander again SW'itched from auton::.at i c  to att itude-hold control and man­
ually increased the flight-path angle by pitching to a nearly vert i c al 
attitude for range extens ion . Manual cont rol began at an alt i t ude of  
approximate ly 600 feet . Ten se conds later ,  at approximat� ly 400 feet , 
the rate-of-des cent mode was act i vated to cont rol des cen� veloci ty . I n  

this manner ,  the spacecraft w as  guided approximately 1100 feet downrange 
from the ini t i al  aim point . 

Fi gure 5-3  cont ains his tories of altitude compared with alt i t ude­
r ate from the primary and abort gui dance systems and from the Network 
powered flight proces s or . The altitude di fference existing between the 
primary system and the Network at powered des cent init i at i on can be ob ­
se rved in  this figure . All three sources are initial i zed to the primary 
gui dance state vector at powe red des cent ini t i ation . The primary system , 
however , is updated by the landing radar , and the abort guidance system 
is not . As indi cated in the figure , the alt itude readouts from both sys ­
tems gradually diverge so as t o  indi cate a lower alt itude for the primary 
sys tem unt i l  the abort system was manually updated with alt itude data 
from the primary system . 

The powe red fli ght proces s or data re flect both the altitude and down­
range errors exist ing in �he primary sys t em at powe red descent in i t i ation . 
The radi al veloci ty error is di rectly proporti onal to the downrange pos i ­
tion error such that a 1000- foot downrange error will cause a 1- ft /sec 
rad i 'J.l veloc ity e rror . ':'here fore , the 20 000- foot downrange error exi st­
ing at powe red des cent initiation was also re flected as a 20- ft /�ec radial 
velocity res i dual . This error is apparent on the figure in the altitude 
region near 27 000 feet , where an error o f  approximately 20 ft /sec i s  evi­
dent . The primary-system alt.� tude error in existence at powe red des cent 
i n�_ t i ation mani fests ittelf r.�ot touchdown when the powered fl i ght proctCJ­
sor indi cates a landing alti.tude be low the lunar surface . Fi gure :: -4 
contains a s imilar comparison of  lateral velocity from the three s ources . 
Again , the divergence noted in the final phases in the abort gui dance 
sys tem data was caused by a lack of radar updates . 

Figure 5-5 contains a time history of vehi c le pitch attitude , as re­
corded by the primary and abort guidance systems . The scale is set up 
so that a pitch of  zero degrees would place the X-axi s  of  the vehi cle 
vert i cal at the landing s ite . Two separate des i gnati ons of the landing 
s ite are evi dent in the phase after manual takeove r .  F'igure 5-6 contains 
comparisons for the pitch and roll attitude and indicates th� lateral 
corrections made in the final phas e .  

Fi gure 5-7 is an area photograph , taken from a Lunar Orbiter fli ght , 
shoving the landing s i te ellipse and the ground track flown to the land­
i ng point . Fi gure 5-8 i s  an enlarged photograph o f  the area adj acent to 
the lunar landing s ite !llld shows the final porti ons of the ground track 
t o  landing . Figure 5-9 contains a preliminary attempt at recons tructing 
the surface terrain viewed during des cent , based upon traj ectory and radar 

. .  
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dat 3.  and known s ur face fe ature s .  ':'he coo rdi nates o f  t h e  landing point , 
as obt a i ne d  from the var i ous re al-t ime and pos t f l i ght s ource s , are shown 
i n  t ab le 5-I V .  The e.c tual landi n g  poi n t  i s  ') degree 4 1  mi r.utes 1 5  s e c ­
onds north l at i t ud e  an d  2 3  de grees 26 m in ut e s  eas t longi '. uri.e , as compared 
wi t i: the t arge t e d  land i ng po i n t  of 0 degree 4 3  mi n ut e s  5 ·; ... , :: onds north 
l �t i t ude and 23 degrees 38 minutes 51 s e c onds e as t  long i t ude as s h own i n  
f i �ure 5 - 10 . F i gure 5 -10 i s  t h e  b as i c  re fer e n c e  map f o r  locat i on o f  t he 
l an d i ng p o i n t  i n  t h i s  report . As not e d , the l an d i n g  p o i n t  d i s p e rs i on was 
c aus e d  primari ly by e rrors in t he onboard s t at e  ve c t o r  pri o r  t o  powe re d 
de s c ent i ni t i at i on . 

F i gure 5-11 i s  a t ime h i s t ory o f  pert i nent veh i c l e  control p arame t e rs 
duri ng the e nt i re de s cen� phas e . Evi dence o f  fuel s losh was det e c t e d  i n  
the att i t ude-rat e  i n fvrma• i on follow i n g  the y aw mane uve r . The s lo s h  e f ­
fe c t  i nc reas e d  t o  t h e  p o i n t  where re act i on c on t rol thrus t e r  f i r i ngs we re 
requi red to damp the rat e p r i o r  to t h ro t t l e  re cove ry . The dynami c be­
havi or at t h i s  po i nt and t hroug�1 the remai nder of des ce n t  was comparable 
to t h at obs e rve d i n  s im ul at i on s  and i ndi c at e s  nomi nal control sys t em per­
formanc e . 

App roximat e ly 95 pound� o f  reac t i on contro l  prope l l an t  we re us e d  
dur i n� powered de s cent , as compared to the p re d i c t e d  value o f  4 0  pounds . 
? l o t s  o f  prope llant cons umpt i on fo r the re ac t i on c o n t r o l  and des cent pro­
p ul.; � on sys tems are shown in fi gure 5-12 . The re a.::t i on c ontrol prope l b .nt 
cons umpt i on wh i le in the man�al de s cent cont rol mode was 51 pounds , approx­
i m 9.t e ly l - l /2 t ime s great e r  than that for the automat i c  mode , Thi s  i n ­
c re as e  i n  us age rat e i s  at t r i buted t o  the requi rement for gre at e r  att i t ude 
s.r.d t rlln<'l l at i on maneuve r i ng in the fi nal s t ages o f  de s c ent . The des ce n t;  
p ropuls i on sys t em prope llant us age was great e r  than predi c t e d  b e c ause o f  
t h e  addi t i on al t ime re quired for the l and i ng s i t e  redes i gnat icn . 

5 .  4 :..AND I NG DY:Ifu'HCS 

�.anJi n g  on t he s ur face vcc urred at 102 : 4 5 : 39 . 9 with ne gli g i b le for­
ward ve loc i ty , approx imat e ly 2 . 1  ft / s e c  t o  the crew ' s  le ft and 1 . 7  rt /s e c  
ve r� i c al ly .  Body rat e trans i ents o c c urre d ,  as s h own i n  f i gure 5-1 3 , and 
i nd i c ate that the ri ght and the fot�ard land i n g  gear touched almos t  � imul­
t a.neo us :y , g i v i ng a rol l - l e rt and a p i  t ch -'.lP mot i on to the veh i c le . The 
:e ft - di re c t e d  late ral ve loc i ty res ul t e d  i n  a s l i ght yaw righ t  t rane i ent 
at the p o i n t  of touch down . The s e  to,.lch down c ondi t i ona , obt ained from at t i ­
t ude rates an d  i n t e g rat i on o f  accele rome t e r  dat a ,  we re ve ri f i e d  qual i ta­
t i ve ly by the at -res t pos i t i on s  o f  the lanar s ur face s e ns i ng p robes and 
br S '.li' face bui ldup arounrl the rims o f  the foot pads . F igure 11-17 s h ows 
the probe boom ne arly ve rt i c al  on the :nboard s i de o f  the minus Y foot pad � 
indi c at i ng a component o f  ve loc i ty i n  the mi nus Y d i re�t i on . Lunar mat e r i al 

l 
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c an  b e  seen as bui lt up outboard o f  the pad , wh i ch also indi c a t e s  a 
late ral ve locity in t h i s  di re c t i on .  The probe pos i t i on and lunar mat e­
ri al di sturbance produc e d  by the minus Z gear as s embly , shown in the s ame 
fi gure , i ndi cat e  a late ral ve loc ity in the minus � di rect i on .  Fi gure 11-16 
shows in gre at e r  det a i l  the s ur face materi al di s t urbance on the minus Y 
s i de o f  the mi nus Z foot pad . The plus Y landing gear as s emb ly s upports 
the conc lus i on u f  a minus Y ve lcc ity , s ince the probe was on the outboard 
s i de and materi al was pi led inboard of the pad . 

7he c rew repc rt e d  no s ens at i on of rockup ( post - contact i n s t ab i l i ty ) 
during the t ouchdown phas e . A post fl i ght s imul at i on o f  the landing dynam­
i cs indi c ates that the maximum rockup angle was only about 2 degrees , 
whi ch is in di cat i ve o f  a s t ab le landing . I n  the s imulat i on , the maximum 
foot pad penet rat i on was 2 . 5  to 3 . 5  inches , with an as s oc i at e d  veh i c l e  
s l i deout ( s ki dding ) o f  1 t o  3 i nches . The land-.ng gear s t ruts s t roked 
less than l inch , wh i c h  represents about 10 percent of the energy abs orp­
t i on c apab i l ity of the low-level primary-st rut honeycomb c art r i dge . Ex­
aminat ion o f  photographs i ndi cates agreement with th i s  analyt i cal con­
c l us i on .  

5 . 5  POJTLJ�DING SPACECRAFT OPERATI ONS 

I111111edi ately after landing , the lunar module c rew began a s i mul ated 
launch countdown in preparat i on for the pos s ibi l i ty o f  a cont ingency 
li ft -o f f . Two problems arose during th i s  s imul ate d countdown . First , 
the mi s s i on t imer had stopped and could not be res tarted ; therefore , the 
event t imer was s � arted us i ng a mark from the ground . Second , the des cent 
s t age fuel-helium heat exchanger froze , apparent ly with fuel t rapped be­
tween the heat excn'Vlger and the valves , caus i ng the pre s s ure in the line 
to increas e .  See section 16 . 2 . 1  and 16 . 2 . 2  for furt her di s c�� s i on of  
these problems . 

The inert i al  me as urement unit was ali gne t'1 thr,�e times during thi s 
pe riod us i ng each of the three avai lable lunar s ur r�ce alignment opt i ons . 
The alignments we re s at i s factory , and the res ults r•rovi ded c on fi de nce in 
the techni que . The s imul at e d  countdown was terminated at 104-1/2 hours , 
and a part i al powe r-do.m of the lunar module was i.nitiated.  

During the lunar sur face st ay ,  several unsuccess ful attempts were 
made by the CCCIIIIland .,.odule Pi lot to loc ate the lunar module through the 
s extant. us ing s ight i ng coordinates transmitted from the ground . Estimates 
o� the landing coordinates were obt ained from the lunar module computer , 
the lunar surface gravity ali gnment of the plat form , and the limited inter­
pret ati on o f  the geological features during desc "nt . Figure 5 -14 shows 
the areas that were tracked and the times of closest approach th at were 
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us ed for the sight ings . It c an  be seen that the actual landing s it e , as 
dete rmine d from films taken during the des cent , di d not lie near the cen­
ter of the sextant field of viev for any of the coordinates us e d ;  the re­
fore , the ab i lity to acquire the lunar module from a 60-mi le orbit can 
�e i t he r  be est ab lished nor denied.  The Command Module Pi lot reported it 
was pos s ible to  scan only one grid square during a s ingle pass . 

Bec ause o f  the uns uccess ful attempts to  sight the lunar module from 
the command module , the de cis ion was made to  track the command module from 
the lunar module us ing the rendezvous radar . The command module was ac­
qui red at a range of 79 . 9  mi les and a clos ing rate of 32 36 ft /se c , and 
los s of track oc curred at 85 . 3  mi les with a receding range-rate o f  
3531 ft / s e c  ( fi g .  5-15 ) . 

The inert i al  meas urement unit was s ucces s fully �1i gned two more times 
prior to li ft-off , once tc obt ain a dri ft che ck and once to establish the 
prope r inertial orientation for li ft -off . The dri ft  check indi c ated nor­
mal sys tem operation , as dis cussed in sect i on 9 . 6 .  An abort guidance sys ­
tem 3.lignment was als o  performed I rior to li ft-off ; howeve r ,  a procedural 
error c aus ed an azimuth misalignment whi ch resulted in the out-of-plane 
veloc i ty error di s cus sed in sect ion 9 . 6 . 2 .  

5 . 6  ASCENT 

Preparations for as cent began after the end of the crew rest period 
at 121 hours . The command module state vector was updated from the ground , 
with coordinates provided for crater 1 30 , a planned landmark . This c ra­
ter was tracked us ing the command module sext ant on the �evolution prior 
to li f�-off to establish the target orbit  plane . During th is s ame revo­
lutio� , the rende zvous radar was used to track the command module , as 
previ ous ly mentioned , and the lunar s ur face navigation program ( P22 ) was 
exer�i3ed to estab lish the loca�ion of the lunar module relative to the 
orbit plane . Crew activities during the preparation for launcn were con­
ducted as planne d ,  and lift-o ff oc curre d on time . 

The as cent phas e  was initiated by a 10-second period o f  vert i cal 
ri se , which allowed the as cent stage to clear s afely the des cent stage 
and surrounJing terrain obst acles , as well as p rovi de for rotat i on o f  
the spacecr.IJ.ft to the correct ]aunch azimuth . The p i  tchover maneuver 
to a 50-degree at titude with respect to the local vertical began when 
the as cent velocity reached 40 ft/sec . Powered as cent was targeted to 
place the spacecraft. in a 10- by 45-mi le orbit to est ablish the correct 
ini t i al condi tions for the rendezvous . Fi�ure 5-16 shovs the planned 
ascent traje�tory as compared with the actual as cent traj ectory . 

i 
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The crew report ed that the as c ent was smooth , with normal react i on 
c ontrol thrus t e r  act i vi ty . The as c ent s t age appe ared tc "vallov , "  or 
t r ave rse the att i t ude deadbands , as expe cted . Figure 5-17 c :>nt ai ns a 
t i me h i s t ory o f  s e lected control system parameters during the as ::!ent ma­
neuve r .  A dat a dropout occurred imme di ately after li ft-o f f ,  ma( i ng i t  
di ffi cult to det e rmine accurately the fir� - in-the-hole forc es . The body 
rater; recorded j us t  prior to the data dropout. were small ( l o=> .� £> ·,;han 5 deg /  
s e c ) , but were in cre as i n g  i n  magnit ude at the t ime o f  the :' �C'I  Jut . How­
ever , c rew reports and as s o c i ated dynami c i n format i on durir•t t '·1e data 
los s period do not indi cat e  that any rates exceeded the exp , � ·v�d range s . 

The predominant di s t urbance torque during as cent vas ar : .:.. .:.t. the p i t ch 
axis and appears to have been c aused by thrust vector o ffs e t  . Fi gure 5-18 
c ont ains an expanded view of control system parameters duril: ; :  !'. selected 
period o f  the as c ent phas e . The dig i t al autopilot vas des i gr.·:!l t o  con­
t rol about axes o ffset approximately 45 degrees from the spac e c � aft body 
axes and normally to fi re only plus X thrus ters during powe r� d as cent . 
There fore , dovn- fi ring thrus t e rs 2 and 3 were used almost e"'= ... � :us i vely 
duri ng the early phas es o f  the as cent and Vt'!re fi re d alt erna·.e .::.y to con­
trol the pitch di s turbanc e torque . These j e t ;, i n duce d  a roll rate whi le 
counterac t i n g  the pitch di s t urbance ; therefore , the ac c ompany ing roll 
mot i on contributed to the wallowing s ens at i on reported by th � crev . As 
the maneuver progre s se d ,  the center of gravi t.y moved tovard the thrust 
ve ctor , and the res ulti ng pitch di s t urbance torque and requi red thrus t e r  
act i vi ty decreas e d  unt i l  almost n o  di s t urban•::e v as  pres ent . Ne ar the end 
of the maneuver , the center of gravit. :"':>ve d  to the oppos ite s i de o 1' the 
thrus t ve ctor , and proper thrus t e r  act. .A. 'l'i ty to correct for thi s  oppos ite 
di s t uri: ance torque c an  be observed in figure 5-17 . 

The crev reported that the velocity-to-be -gained di splay in the 
ab o rt guidance system indi cated di fferences o f  50 t o  100 ft / s e c  vith the 
primary system near th� end of the as cent maneuve r .  The re as on for this 
d:l. [ f,!rence appears to be unsynchroni z e d  dat a di splaye d from the two sys ­
te ·,.� ( s ee sect i ::>n 9 . 6 ) . 

·�able 5-V contains a compari s on of ins e rt i on condi t i ons between 
th • . :  � c alc ulated by various onboard sources and the p.:e nned values , and 
s :�.t i o factory agreement is indi cated by all s ources . 'J�he p\)\lered flight 
processor was again use d  and indi c a.ted performance we L. w.·:'. t h i n  ranges 
exrected for both sys t ems . 

1 ' 
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5 • 'T RENDEZVOUS 

Immedi ately after as c ent insertion , the Commander began a plat form 
alignment us ing the lunar module teles cope . During thi s time , the ground 
re layed the �unar module st ate vector to the c ommand module computer to  
permit execu�ion of navigation updates us ing the sextant and the VHF rang­
ing system . The lunar module plat form alignment took s omewhat longer thz.n 
expected ; consequently , the coellipt i c  sequence init i ation program was 
entered into the computer about 7 minutes later than planned .  Thi s  del� 
allowea s omewhat less than the nominal 18 radar navigat i on updates between 
insert i on and the first rendezvous maneuver .  Als o ,  the first range rate 
meas urement for the b ackup s olution was missed ; however , thi s  los s was 
not 3 i gni fi cant , s ince both the lunar module and :command module gui dance 
sys tems were performing normally . Fi gure 5-19 shows the as cent and rende z­
vuus t raj ectory and their relat i onship in lunar orbit . 

Prior to coellipt i c  sequence init iat i on , the lunar �odule out-of­
plane velocity was computed by the comm��d module to be minus 1 . 0 ft /sec , 
a value small enough to be de ferred unti l  te�nal phase initiat i on . The 
final lunar module soluti on for coelliptic  sequence was a 5 1 . 5-ft/sec ma­
neuver to be performed with the Z-axi s react i on control thrusters , with 
a planned igniti on time of 12 5 : 19 : 34 . 7 .  

Following the coellipt i c  sequence initiation maneuve r ,  the constant 
di fferenti al height program was cal led up in both vehi cles . Operation 
o f  the gui dance systems cont inued to be normal , and suc ces s ful navigat i on 
updates were obtained us ing t�c sextant , the VHF ranging system , and the 
rendezyous radar . It was reported by the Lunar Module Pi lot that the 
b ackup range-rate measurement at 36 minutes pri or to  the constant di ffer­
enti al height maneuvez was outside the limits of the backup chart . Post­
fli ght traj ectory analysis  has shown that the off-nominal con�and module 
orbit ( 62 by 56 miles ) caused the range rate to be approximately 60 ft /sec 
below nominal at the 36-mir.ute data point . The command module was near 
peri cynthion and the lunar mojule was near apocynthion at the measurement 
point . These conditi ons , whi ch decreased the lunar module clos ure rate 
to below the nominal value , are appfl.rent from figure 5-20 , a relative 
motion plot o f  the two vehi cles between insert ion and the const ant di f­
ferenti al height maneuve r .  Figure 5-20 ·,;as obt ained by forward an d  back­
ward integration of the last available lunar module state vector pri or t o  
loss of s i gnal following inserti on and the final constant di fferenti al 
height maneuver vector integrated backward to th� coellipt i c  sequence 
init iation point . The dynami c range of the backup charts has been in­
creased for future landing mi s s i ons . The constant di fferent ial height 
maneuver was ac compli shed at the lunar module primary gui dance computer 
time of 126 : 17 : 49 . 6 .  

-



The constant di fferenti al height maneuver was performed with a total 
velocity change of 19 . 9  ft /sec . In a nolllinal coellipt i c  flight plan with 
a ci rcular target orbit for the command module , this maneuver would be 
zero . However , the ellipticity of the command module orbit requi red a 
real-time change in the rendezvous plan pri or to li ft-off to include ap­
proximately 5 ft /sec , applied retrograde , to compens ate for the change in 
di fferent ial height upon arriving at thi 3  maneuver point and approximately 
11 ft /sec , applied vert i cally , to rotate the line of aps i des to the cor­
rect angle . Actual execution errors in as cent ins erti on and coelliptic  
sequence initiat i on res ulte d  in an additional velocity change requirement 
of about 8 ft /sec , whi ch yielded the actual total of 19 . 9  ft /sec . 

Following the constant di fferenti al hei ght maneuver , the computers 
in b oth spacecraft were configured for terminal phase init iation . Navi­
gation updates we:-e made and seyeral computer recycles wer e  per formed to 
obt ain an early indi cat i or. of the maneuver time . The final computati on 
was initiated 12 minut�s prior to the maneuver .  as planned .  Ignition 
had been computed to occur at 127 : 0 3 : 39 ,  or 6 minutes 39 seconds later 
than planne d .  

Soon after the terminal phase initi at i on maneuver , the veh i cles 
pas s e d  b ehind the moon . At the next acquisition ,  the vehi cles were fly­
ing formati on in preparat i on for docking . The �rew report ed that the 
rendezvous was nominal , with the fi rst midcourse maneuver less than 1 ft / 
sec  and the se cond about 1 . 5  ft /se c .  The mi dcourse maneuvers were per­
formed by thrusting the body axis components to zero vrhi le the l1mar mod­
ule plus Z axis remained pointed at the command module . It was als o re­
ported that lir..e-of-sight rates were small , and the planned braking was 
us ed for the approach to station-keeping . The lunar module and command 
module maneuver soluti ons are s ummari zed in tables 5-VI and 5-VI I , respec­
t i vely . 

During the docking maneuver ,  two unexpected events oc curred . In the 
ali gnment procedure for docking , the lunar module was maneuvered through 
the plat form gimb al-lock attitude and the docking had to be completed 
us ing the abort gui dance system for att it ude control . Tne off-nominal 
attitude resulted from an �dded rotati on to avoi d sunlight interference 
in the forward windows . The s un elevation was about 20 degrees higher 
than planned because the angle for init iation of the terminal phase was 
reached about 6 minutes late . 

The second unexpected event occurred after docking and cons j sted of 
relative vehi cle alignment excurs i ons of up to 15 degrees f�llowing ini­
tiation of the ret ract sequence . The proper docking sequence cons ists of 
init i al contact , lunar module plus -X thrust ing from initial contact to 
capture latch , swit ch the command module control from the automat i c  ( CMC 
AUTO ) to the manual ( CMC FREE ) mode and allow relative mot ions to be 
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damped to within plus or minus 3 degree s , and then init i ate retract to 
achi eve h ard docking . �ne Commander detected the relatively low velocity 
at ini t i al contact and applied plus X thrust ing ; however , the thrust ing 
was continued unt i l  after the mis alignment exct�s i on had developed , since 
the Commander had re ceive d  no indi c ation of the capture event . To further 

compli cate the dynami c s , the Ccmmand Module f ilet als o not i c e d  the excur­

s i ons and revers e d  the command module control mode from CMC FREE to CMC 
AUTO . At thi s  time , both the lunar module and the command module were in 
minimum-deadb and attitude-hold , thereby c�us ing cons i derable thruster fir­
ing unti l  the lunar module was placed in maximum de adb and . The veh i cles 
were st ab i li ze d  us ing manual control j w.t prior to achieving a suc ces s ful 
hard dock . The initi al obse rved mi s alignment excurs i on is cons idered t o  
have been caus e d  by the continued lunar module thrusting following c ap­
ture , s ince the thrust ve ctor does not pas s through the center of gravity 
of the command and servi ce modules .  

The rende zvous was suc c es s ful hnd s imilar to that for Apollo 10 , 
with all gui dance and control syst e�s operat ing s at i s factorily . The 
Command Module Pilot reported that the VHF ranging b roke lock about 25 
times following as cent �nse rt i on ; howeve r , lock-on was ree stab lished 
each time , and navigat�on updates �ere suc ce s s ful . The lunar module 
reaction control propellant us age was nearly nominal . 



Time , 

hr : mi n : s ec 

102 : 17 : 17 
102 : 20 : 5 3 
102 : 24 : 40 
102 : 27 : 32 
102 : 32 : 5 5 
102 : 32 : 58 
102 : 33 : ,')5 
102 : 33 : 31 
102 : 36 : 57 
102 : 37 : 51 
102 : 37 : 59 
10 2 : 38 : 22 
102 : 38 : 45 
10 2 : 38 : 50 
102 : 38 : 50 

102 : 39 : 02 
102 : 39 : 31 
102 : 41 : 32 
10 2 : 41 : 37 
102 : 41 : 5 3 
102 : 42 : 0 3 
102 : 42 : 18 
102 : 42 : 19 
102 : 42 : 4 3 
102 : 42 : 58 
102 : 4 3 : 09 
10 2 : 43 : .;_3 
102 : 43 : 20 
10 2 : 43 : 22 
102 : 44 : 11 
102 : 44 : 21 
102 : 44 : 28 
102 : 44 : 5 9 
10 2 : 45 : 0 3 
102 : 45 : 40 
102 : 45 : 40 

TABLE 5 -I . - LUNAR DESCENT EVENT TIMES 

Acqu::. s it i on of dat a  

Landing radar on 

Event 

Align ab ort gui dance to primary gui dan c e  

Yaw maneuver to obtain improved commun i c at i on s  

Alt i tude of 5 0  000  feet 

Propell ant-s ettling firi ng s t art 

Des cent engine i gnitiGn 

Fixed t h�ottle pos it i on ( crew report ) 
Face-up yaw maneuve• i n  pro cess 

Landing radar dat a good 

Face-up maneuver �omple te 

1202 alarm ( comp'.lter det ermined ) 
Enable :radar uprlat es 

5 -13  

Alt itude less t h an  30 000  feet ( i nh ib i t  X-ax i s  ove rri de ) 
Veloc ity les s  than 2000 ft/s e c  ( s tart landi ng radar 

veloc i ty updat e ) 
1202 al arm 

Throttle recove ry 

Ent er program P64 
Landi ng radar ant enna to pos ition 2 
Att itude-hol d ( handling qual i t i es ch eck ) 
Aut omat i c  gui dance 

1201  alarm ( computer det ermine d ) 
Landing radar low s c ale ( les s  th an 2 5 00 feet ) 
12 02 alarm ( computer det ermined ) 
1202 a.1aY"In ( c omputer determined ) 
Landi ng ;>oint redes ignat ion 

Att itude-hold 

Update ab ort gui dance att i tude 

Ent er program P66 
Landing radar dat a not good 

Landing radar dat a  good 

Red-li ne low-level s ens or light 

Landing radar dat a not good 

Landing radar data goo d 
Landing 

Engine off 

- J ' -,�------------�---------------------------------------------------



TABL,E 5 - � I . - MAiiEUVER RE S I DUALS - DES CENT ORBIT IHS ERT I 0 :-1 

V':'1o c i ty r e s i dual , :ft / s e c  
1-..x i s  

Be fo r e  t r imm i ng Aft <o r  t rimmi ng 

X -0 . 1  0 . 0  

y -0 . 4  -0 . 4  

z -0 . 1  0 . 0  

TABLE 5 - I I I . - POHERED DE:SCEN':' D I '.L IAT ION S TATE VECTORS 

P ar ame t e r  
J p e rat i on al B e s t  E: s t imat e  Primary gui dan c e  

t raj e ct o ry t ra,i e ct o ry comput e r  

.._j 8.t i t 'J. J.e , deg C . 9614 l .  0.)7 1 . 17 
Lcr. g i  t ude , d e g  39 . 6cn 39 . 37 1  39 . 4 8  

;,� 7 ,  � t ucie , ft 5 0 0 0 0  49 376 49 95 5  

-
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TABLE 5 -IV . - LUNAR LANDING COORDINATES
a 

Lat i tude 
b

, Longi tude , 
Radius of 

Dat a  source for s olut ion Landin€: S i t e  2 ,  
deg r:ort h deg eas t  

mile s  

Primary gui dance on board 0 . 649 23 . 46 9 37 . 1 '7 
vector 

Abort gui dance on board 0 . 6 39 2 3 . 44 9 37 . 5 6 
vector 

Powere d flight proces s or 0 . 6 31 2 3 . 47 9 36 . 74 
(based on 4-t rack solu-
tion ) 

Alignment optical tele- 0 . 523 23 . 42 
s cope 

Rende zvous rfl.dar 0 . 6 36 2 3 . 50 9 37 . 13 

Be st estimat e  t raj ectory 0 . 647 2 3 . 505 9 37 . 14 
accelerometer recon-
struct i on 

Lunar module t argeted 0 . 691 2 3 . 72 9 37 . 0 5 

Photography 0 . 647  o r  23 . 5 05 or 
c

0°4l ' l5 "  
c

2 3°26 ' 00"  

a
Following the Apollo 10 mi s s i on , a di fference w�s noted ( from the 

landmark t racking res ults ) between the t rajectory coordinatP. system and 
the c oordinate system on the ref� rence map . In order to re ference tra­
jectory values t o  the 1 : 100 000 s �ale Lunar Map ORB-II -6 ( 100 ) , dated 
December 1967 , corre ction factors of p.::.us 2 ' 25 "  in latitude and minus 
4 '  17" in longitude must be appli ed t o  the traj e ctory values . 

b
All lat itude values are correct e d  for th e es timated out-of-plane 

pos ition error at powered des cent i ni ti at ion . 
c

The se coordinate ve.lues are re ferenced to the map and include the 
corre ct ion factors . 
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t ',re r3.t i onal -:raj e c t u ry 

:<e c on s tructe J. frcrr: ac celel·omet ers 

hctual ( be s t  e s t iraat e t r aj e ctory ) 

, .l!'f:et value s *  

Alt i t ude , 
ft 

� 'v' 6 �'"J C� 
o r : l�l 

o l  : 4 �J 
6 0  0 6 5  

6 0  33' r  
60 300 

60 JOO 

� �tli i ' Ll Downrange 
I � � LJ ' ve l o c i ty , 

' f t / s e c 

5 5 .)' ,' . 0  

5 5 3 7 . G  
' - 5 5 4 0 . 7 

� " - 5 5 36 . 6  

3 3  5 5 34 . 9 

? r 
� '- 5 5 37 . 0  

32 5 5 34 . 9  

*Als o ,  c ro s s range d i s p l acement o f  1 . 7  � le s  w as t o  be corre cted . 

'l'he fol L J w ing ve l o c i ty re s i dual s we re c al c ul at e d  by th e primary gui dance :  

. .  < . l  ft / s e c  
y = - u . l  t't / s e c  

z + l .  (3 ft / s e c  

The orb i t  re s ult i ng aft e r  re s i dual s we r e  trimme d was : 

Apo cynth i on alt i t u de = 4 7 . 3 mi le s 

' ' e r i c�mt!1 i on alt itu de = 9 . 5 mi les 

-
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TAIJW: )-V;  . - LUNAR MODULE MANEUVEH SJVIr11NS 

Primary guidw1ce 

Maneuver I I T imP Solut i on h . - • r : m n : sec 
Veloc i ty , 

ft/ s e r.: 

Coe l l i pt i c  sequence I 
Ini��� : 19 : 35 . 4d 49 . 4  posi grade 

initiation Fina1 125 . 19 : 35 . 48 51 . 5  pos igrade 
� -- · - - - - --

8. J retrograde 
Initial 126 :17 : 46 . 36 1 . 8  south 

Constant di fferential 17 . 7  �;> 
he ight 

8 . 1  T"etrograde Final 1<.6 : 1 7 : 4� . 36 lB. 2 up 

2 5 . 2  forward 
Initial 127 : 0 3 : 16 . 12 l. 9 right 

Terminal phase o . 4 down� initiationb ,c 2) . 0 forward 
Final 127 : 0 3 :  31 . /)()  2 . 0  !"ight 

'J. 7 down 

First midcourse 0. 0 forw ... rd 
Final 127 : 1 8 : 30 . '. c . 4  right I correction 0 . 9  dmm I-

Second midcourse 0 . 1  forward 

correction Final 127 : 33 : 30 . 8 1. 2 right I 
0. 5 down 

�elution not obtained. 

Abort guiJance 

Time , Veloci ty ,  
hr:m.in :sec ft/sec 

125 : 1� : 34 .  70 51. 3 posigrade 

(a.)  I ( a )  

127 : 0 3 : 19 1 2 3 . 4  total 

(a )  I ( a )  

( a )  I ( a )  

bBody-axis reference frame ; all other solut 1ons for locW-verti c al reference frame . 

Real-t ime nr.rminal 

Time , Veloci ty , Time , 
hr :min : sec ft/.:.�c hr :min : sec 

125 : 19 : 35 5 2 . 9  posigrade 125 : 19 : 35 

1 126 : 17 : 42 I 5 . 1  retrograde 1 126 : 17 : 50 11 . 0  up 

1 126 : 57 :00 1 22 . 4  posigrade 1 121 : 0 3 : 52 0 . 2  north 
ll. 7 up 

1 127 : 1 2 : 0 0  I 0 . 0  I ( d )  

I 127 : 2·r :oo l 0 . 0  I ( d )  

Actual. 

Veloc ity , 
ft/sec 

51 . 6  posigrade 
0. 7 south 
0 . 1  down 

I 8. C retrograde 
l. 7 sot<th 

1 8 . 1  up I 

I 22 . 9  posigrade 
1 . 4  north 

11 . 0  �p 

I ( d )  

I ( d )  

cFor c omparing the primary guidance solution for terminal phase init i at i on with the real-time nominal an d  actual values , the following components are 
equi valent to those listed but with a correction to a local-verti cal reference frame : 2 2 . 7  posigrade , 1 . 5  north , and 1 0 .6 up. 

dData not available because o f  moon occultat i on .  

\.}1 I ..... -.J 



Ti\ELE 5 - VI I . - Cot-ll>l.L'JJD MODULE SO . .:JJ? IO ; ; �� 

t-1an euve r 
Time , �; olut i on , 

hr : mi n : s e c  f't / s e c  

C oe l l i pt i c. s e que nce i r. i  t i at i o.1 l2 5 : 19 : 34 . 7U 5 1 . 3 retrogr ade 
J . 4 s outh 
l • i] up / cl own 

C on s t a.nt d i f fe re nt i al u c i gh t 1?6 : 17 : 46 . 00 9 . 1 po s ::. g r ade 
2 . 4  n orth 

1 4 . 6  down 

Termi nal phas e i n i t i at i on l 2 7 : 0 2 : 3 4 . s o
a 

l27 : 0 3 : 30 . 13 
b 

' 2 . 9  retrograde 
1 . 7 s out h 

11 . 9  down 

1 ' i r s t  m i d c our s e  corre ct i on 127 : 1 8 : 30 . 8 1 . 3  retrograde 
0 . 6  s outh 

S e c o n d  mi d c our s e  correc t i on 127 : 3 3 : 30 . 8 0 . 1 retrograde 
l . O  s outh 
0 . 6 down 

a l n l  t i al comput e d  t ime of i gn i t i on us i nr.; num i n al e le vat i on an gle 
o f  208 . 3  de gree s  for t e rm i n al p h as e i n i t i at i on . 

b
Fi nal s oluti on us i n g  lunar module t ime of i gn j t i on . 

NOTE : All s olut i on s  i n  lo c al hori zont al coordi nat e fran1e . 

-
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F igure 5-14 . - Command module s ignting h i story during lunar stay . 
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Figure 5 - 19 .- Ascent and rendezvous trajectory . 
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6 . 0 COMMU�I CATIONS 

Performance of all communications systems ( see sections 8 ,  9 ,  10 , 
and 13 ) , including those of the command module , lunar module , portable 
li fe support system , and Manne d Spac e Flight Network , was generally as 
expe cted . Thi s  section pres ents only those aspects of communi cat i on sys ­
tem performance whi ch were unique to  this flight . The performance of 
these systems was otherwise cons istent with that of previo�s fli ght s .  
The S-band communication system provi ded good quality voi ce , as di d the 
VHF link within its range capabi lity . The performance of command motiule 
and lunar module up-data links was nominal , and real-t ime and pl�back 
telemetry performance was excellent . Color televi s i on pi ctures of high 
quality were received from the command module . Good quality black-and­
white televis ion pictures were received and converted to standard format 
during lunar surface operati ons . Excellent q'lali ty tracking data were 
obtained for both the command and lunar modules . The received uplink 
and downlink signal powers corresponded to -pre flight predi cti ons . Com­
mQ�ications system management , including antenna switching , was generally 
good . 

Two-w� phase lock with thP. command module S-b and equipment was 
maintained by the Merritt Island , Grand Bahama Island , Bermuda , and USNS 
Vanguard stat i ons through orbital ins ertion , except during S-IC/8-II 
staging , interst age j etti s on ,  and stat i on-t o-st ation handovers . A com­
plete los s of uplink lock and command capability was encountered between 
6 and 6-l/2 minutes after earth li ft-off because the operator of the 
ground transmitter at the Grand B��arna Island station terminated trans­
mis s i on 30 seconds early . Full S-band communications capability was re­
stored at the s cheduled handover time when the Bermuda station established 
two-w� phas e lock . During the Merritt Is lRnd 3tat i on ' s  coverage of the 
launch phas e , PM ��d FM re ceivers were used to demodulate the received 
telemet ry dat a .  ( N ormally , o;'lly the PM data link is use d . ) T"ne purpos e 
of thi s  configuration was to provide additional dat a. on the pos s ib ility 
of improving telemetry coverage during 8-IC /S-II staging and interstage 
j ettison using the FM receiver . There was no los s o f  data through the 
FM receiver at stagir.g . On the other hand , the s ame event caused a 9-
second loss of da.t �l at the PM receiver output ( see fig . 6-1 ) . However , 
the los s of dat a at i.nterstage j ettison was approximately the s ame for 
both types o f  rec�ivers . 

The televis io� transmis s i on attempted during the first pass over 
the Goldstone station was unsuc ces s ful because of a shorted patch cab le 
in the ground station televi s ion equipment . Als o ,  the tracking coverage 
during this pass was limited to approximately 3 minutes by terrain ob­
structiou.s . All subs e ·-1uent transmi s s i ons provided high-quality televi s i on .  

I f 
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The 'JS NS Reds tone an d  Mercury ships and the Hawai i s tat i on prov i ded 
ade quat e cove r age of t rans lunar i nj e ct i on . A l at e  handover o f  the com­
man d module and ins trument un i t  upl i nks from the Reds tone to the Mer cury 
and an early handove r of b oth upl i nks from t h e  Mercury to Hawai i we re 
performe d b e caus e of comman d computer prob lems at the Me rcury . Approxi ­
mRt e ly 5 8  s econds of command module dat a were los t  dur i ng thes e han dovers . 
The l o s s  of dat a duri ng the h an dove r  from the Mercury to Hawai i was caus e d  
b y  t e rrai n  ob s truct i ons . 

Communi c at ions b etween the commru1 d module an d  th e groun d were los t  
during a port i on o f  t rans po s i ti on an d  dock i ng b e c aus e t h e  crew failed 
to swi tch omn i direct ional antennas .J uring the p i t ch maneuve r .  Two-way 
ph ase lock was regai ne d when the crew acquire d th e high gai n antenna i n  
the narrow beamwidth . �he telemetry dat a re corde d onb oard the space craft 
duri ng t hi s  phas e were s ub s equently play e d  back to the groun d .  Betwe en 
3-1/2 an d  4 hours , t h e  downli nk voi ce re ce i ve d  at th e Mi s s i on Control Cen­
ter was dis tort e d  by equi pment fai lure s with i n  the Gol ds tone s tat i on . 

Duri ng the fourth lunar orb i t  revolut i on ,  lunar module commun i c at i ons 
equipment was act i vat e d  for th e fir s t  t ime . GooC: q_'Jr-li ty normal and b ack ­
up down-voi ce an cl  high and low bit rate telemetr;,r we re re ce ive d  through 
the 210 -foot Golds tone antenna while the space craft was t ransmitt i ng 
t hrough an omn i d i re ct ional antenna.  As expe ct e d , t eleme�ry de commut at i on 
frame synchroni zat ion could not be mai ntai ne d i n  th e h igh-bi t-rate mode 
us i ng the 85-foot antenna at Gol ds tone for re cept ion . 

Between acqui s it i on of the lunar mciule s i gnal at 10 2 : 16 : 30 and t h e  
pit ch-down maneuver duri ng powere d de s ce nt , val i d  s teerab le antenna auto­
track could not b e  achieve d ,  and rece ive d  upli nk an d  downli nk c arri er 
powers were 4 to 6 dB below nomi nal . Coi ncide ntly , s everal los s e s  o f  
ph as e-lo ck were experi ence d ( fi g .  6-2 ) .  Pri or t o  t h e  uns ch e dule d  yaw 
maneuver i nit i at e d  at 10 2 : 27 : 2 2 , the l inE'! of s ight from the lunar module 
steerab le antenna to earth was obs truct e d  by a re act i on control thrus ter 
plume de fle ctor ( see s e ct ion 16 . 2 . 4 ) .  There fore , t h e  antenna was more 
sus cept ible in thi s  att i tude to inci dental phas e and am9 l i  tude modulat i on 
result i ng from �ult ipath effects off e i th er the lunar module or the lunar 
surface . The s harp los s es of ph as e  lock were prob ab ly  c aus E d  by the b ui ld­
up of os c i llat i ons in s tee rable antenn1:1. mot i on as the fre que nci es of t n e  
inc ide ntal ampli tude and phas e modulat ion approached mult iples o f  the an ­
tenna swi tch ing frequency ( 50 h ert z ) .  Afte r  the yaw maneuve r ,  auto-track 
with the correct s tee rable antenna poi nt i ng angles was not at t empted un­
t i l  102 : 40 : 12 . Sub s equently , val i d  aut o-track was mai ntained through 
landi ng . 

As shown in figure 6-2 , the performan ce cf the downl i nk  vo i ce an d  
telemet ry ch annels was cons i s tent wi th t h e  re ce ived c arri er powe r .  The 
long peri o:is of los s  of PCM synchroni zat i on on dat a re ceive d  at the 8 5 -
foot s tat ion di s t i nctly illus trate the advant age o f  s ch eduling t h e  de­
scent maneuve r duri ng coverage by a 210 -foot ante nna . 
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Aft e r  landi ng . t h e  lunar module s teerab le ant e n:1<.t was s wi t ch e d  t ·::J 
the s lew (manual ) mode and was us e d  for all corr�un i cat i ons dur i ng t h e  
hmar s ur face s tay .  Als o .  t h e  Network was con fi gure d t o  re l ay vo i ce 
comnun i cat i ons bet�een t h e  two s pace craft . 

Th i s  co:: figurat i on provi de d  good-qual i ty vo i ce whi le t h e  command 
module was t ransmi tt i ng through th � high gai n antenna . However , the 
lunar m"ldule crewmen report e d  that t h e  noi s e  as soci at e d  w i th random key­
i ng of t h e  voi ce -operat e d  ampli fi er wi th i n  t h e  iie twork relay configura­
t ion was ob j e ct i onab le when the command module was t ransmi tt i ng through 
an omni di r e ct i onal ant e nna . Th i s  noi s e  was exp ect e d  wi th operat i on on 
an omn i di re ct i onal antenna , and u s e  cf t h e  two-way voi ce re lay t h rough 
the Network was di s conti nue d ,  as planne d ,  aft e r  the noi s e  was report ed .  
Duri c1g t h e  sub s eque nt ext raveh i c ul ar act ivi ty , a one-way vo i ce re lay 
t hrv�gh the Network to t h e  command module was ut i li zed.  

Primary coverage of the extraveh i c ul ar act i v i ty was prov i de d  by 
210-foot antennas at Golds tone , Cali forn i a , &�d Parkes , Aus tral i a .  Back­
up cove rage was provided by 8 5 - foot antennas at Golds tone , Cali forn i a ,  
and Honeysuckle Cree k , Aus tral i a .  Voi ce commun i cat i ons dur i ng t h i s  p eriod 
were s at i s fact ory ; howeve r , voi c e - op erat ed-re lay ope rat i ons caus e d  breakup 
of t.1e vo ice rece i ve d  at t h e  Network s tat i ons ( s ee s e ct i on 1 3 . 2 and 16 . 2  . 8 ) .  
Thi s  breakup was primari ly as soci at e d  wi th the Lunar Module Pi lot . Through­
out t he lunar sw· face operat i on , an c: ch o  was h eard on t h e  ground 2 . 6 s ec­
onds aft er upl i nk transl"li ss ... ons t-c: caus e upli nk voi ce was t urne d around 
and tran smi tted on the l un ar module S -b an d  downli nk ( s ee s ec t i on 16 . 2 . 9 ) .  
The P arke-s rAce i  v i ng s tat i on •1 as largely us e d  by the Mi s s i on Control Cen­
tet as the primary re c e ivi ng s t at i on for real -time te levi s i on t ransmi s ­
s i ons . The t e leme t ry decommut at i on sys tem and t h e  P�-to-PCM conve rt e r  
mai nt ai ned frame synchroni z at ion o n  th e lunar module t e leme try dat a  an d  
t h e  por t ab le - l i fe -support -sys tem s t atus dat a , re spect i ve ly , throughout 
the lunar sar f�ce 'lct i vi t i es . 

k. eval uat i on of dat a re corde d  by t h e  Honeysuckle s tat i on duri ng 
lunar S'..U' f ace act i v i t i e s  was ac (:omp l i shed t o  determi ne whet her an 85-foot 
s t at i on CC"uld have support -ed t h i s  m i s s i on phas e w ithout deployment of 
t h e  lunar module ere ct ab le a:1ter.na . :ne re s ults were corr:pare d  wi. th 
t!':cse cf a s i:ni lar evaluat i on re c o rde d at the Go l ds tone s t at i :m us i ng 
t h e  21 J - :'oot antenna . A cor.1p�.r i s on of s low-s can t e le ·1i s i on s i �nals 
re c e i ved at ti:• e  twc 0 t at i ons s h ows that , although there wa::; a 4 -clB d i f­
fe rence i n  s i gns:l-to-no L e  r at i os , there was no appre c i ab le � i ffe rence 
in picture qua: i ty .  7h e di ffe rences in downl i nk  vo i ce i nte l l i g i b i li ty 
�1 d telemetr; dat a qual i ty we re not s ign i fi c ant . There i s  no perce ptible 
di ffe ren ce in t h e  qual i  +:.y o !'  biome d i c al dat a re ce ive d  at the 85- ac, d 2 10 -
foot s t at i ons . Playback o :  port able -li fe - s '-lppo rt - sys teo s t at 'Js dat a  for 
the Lunar Module Pilot show s  that frame syr.chroni zat i on was m a i ntai ned 
38 an d  lC O pe rcent 'Jf t:1e t ime fo r the 8 5 - and 2 1 0 - foot s +;. at i ons , respec­
+;. i vely . Bas ed on '� hes e compari sons , t h �  8 5 - f:)-::.t grocm d  s +:. at i on could 

1 ' 
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have support ed the lun ar surface ac� ivities wit hout deployment of the 
e re ct ab le antenna with s li ghtly degraded dat a .  

The performan ce of the communicat i on system during the as cent and 
rende zvous phases was nominal except for a 15-second los s of downlink 
phase lock at as cent engine ignition . The dat a indi cate thi s los s  can 
be att ribut e d  to  rapid phas e pe rturb at � ons caused by t ransmi s s i on through 
the as cent engi ne plume . During future Apollo mis s i ons , a wi der carri er 
tracking loop b andwi dth ·wi ll be s ele c ted by the Network stat i ons prior to  
powere d as cent . This change will minimi z e  the pos s ibi lity of loss  of 
lock due t o  rapi d phas e  perturbat i ons . 
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7 .  0 TRAJECTORY 

The an aly s i s of the t raj e ct o ry  from l i ft- off to space craft /S-I VB 
s eparat i on was b as ed on Marshall Space Fli ght Cente r re sult s ( re f .  l )  
an d  tracki ng dat a from the Manne d Space Fli ght Network . After s epara­
t i on ,  the act ual traj e ct ory i nformat i on was b as ed on the best estimated 
traj e ct ory generat e d  after the fli ght from Network t racki ng an d  t elemet ry 
dat a .  

The e arth an d  moon models us ed for the t r aj e ctory analysi s are geo­
metri cally des cribed as follows : ( 1 )  the e arth mode l i s  a modi fi e d  
seventh-orde r expans i on contai ni ng ge odet i c  an d  gravi t at i onal constants 
repre sent at ive of the Fi s cher e ll i ps oid ,  and ( 2 )  the moon model is a 
spheri cal h armoni c  expans i on c ontai ni ng the R2 potent i al fun ct i on ,  whi ch 
i s  de fi ne d i n  re feren ce 2 .  Tab le 7-I de fi nes the traj e ctory and maneu­
ve r parameters . 

7 . 1  LATJN CH PHAS E 

The launch t raj e ctory was es senti ally nomi nal an d  was ne arly i dent i ­
cal to that of Apol: J 10 . A maximum dynami c pre s s ure o f  7 3 5  lb/ ft 2 was 
experien c e d .  The S-IC center and outb oard engi nes an d  t h e  S-IVB engine 
cut off with i n  1 s e c ond of the planne d  t i me s , and S - I I  outb oard e ngi ne 
cutoff was 3 s ec onds e arly . At S-IVB cut o ff , the alt i tude was h i gh by 
9 10 0  feet , the vel o c i ty was low by 6 . 0 ft /s ec , and the fli ght-path angle 
was h i gh by 0 . 0 1  degree all of whi ch were wi thi n the expect ed dispers i ons . 

7 . 2 EARTH PARKING ORBIT 

Earth park i ng orb i t  insert i on oc curred at 0 : 11 : 49 . 3 .  The parking 
orb i t  was perturbed by low-level hydrogen vent i ng of the 8-IVB s tage 
un t i l  2 : 34 : 38 ,  the t i me o f  8 - I VB  re s t art preparat i on .  

7 .  3 TRAN8 LUNAR INJECT I ON 

The S-IVB was re i gn i te d  for the translunar i nj e ct i on maneuve r at 
2 : 44 : 16 . 2 ,  or wi thin l s e cond o f  the pre di ct e d  time , and cutoff oc curred 
at 2 : 50 : 0 3 .  Al l parameters were nominal and are shown in fi gure 7- 1 .  



7-2 

7 .  4 1-IANElNER tu'IALYSIS 

The p arameters derived from t�e best �st imat e d  traj s c�ory for each 
spacecraft maneuve r exe cute d  during the tran s lunar , lun ar orb i t , and 
transearth coast ph as es are pre sente d i n  t ab le 7-I I . Tab le s  7-I I I  and 
7-IV pres ent the re spect i ve peri cynthi on and free-return condi t i ons after 
each trans lunar maneuve r .  The fre e-re turn re sult s i ndi cat e  condi t i on s  at 
ent ry i nte rface produce d by e ach maneuve r ,  as sumi ng no addi t i onal orb i t  
pert urb at i ons . Tab le s  7-V and 7-VI pre se nt the respe ct ive maneuve r s um­
maries :-'or the lun ar orb i t  and the trans eart h  coast  phases . 

7 . 4 . 1  Trans lunar Inj e ct i on 

The peri cynthi on alt i tucle re sult i n g  from t r an s lunar inject i on was 
896 . 3  mi le s , as c ompared with the pre fli ght pre di ct i on of 718 . 9  mi les . 
This alt itude di ffere nce i s  repre s ent at ive of a 1 . 6  ft /se c ac euracy i n  
the i nj e ct i on maneu7e r .  The as s oc i at e d  free-return condit i on:3 show an 
e arth capture of the space craft . 

7 . 4 . 2  Separat i on and Dock i ng 

Th e c ommand and s e rvi ce modules s eparat e d  from the S-IVB and suc­
ces s fully completed the transpos i t i on and docki ng s e quen ce . The space­
�raft i.'ere e j e ct e d  from the S-IVB at 4 hours 1 7  mi nutes . The e ffe ct of 
the 0 .  T-ft /s e c  e j e ct i on maneuve r was a change i n  the pre di ct e d  peri c!m­
thion alt it ude to 827 . 2  mi les . The s eparat i on maneuve r pe rforme d  by the 
servi ce propuls i on system was exe cuted pre ci sely and on time . The re­
sult ing traj e ctory condi t i on s  indi cate a peri cynthi on alt it ude reduct i on 
to 180 . 0  mi le s , as compare d to  the planne d value o f  167 . 7  mi les . The 
di fference indi c ates  a 0 . 24-ft /s ec exe cut i on e rror . 

7 . 4 . 3  Trans lunar Mi dcour s e  Corre ct i on 

The computed mi dcours e corre ct i on for the fi rst opti on poi nt was 
only 17 . 1  ft /se c .  A re al-time de c i s i on was there fore made to d·:! la;y the 
fi rst mi dcours e corre ct i on until the s e cond opt i on point at trw1s lunar 
i n j e ct i on plus 24 hours becaus e of the small incre ase to  only 2 i . 2  ft /s e c 
i n  t h e  ::o rre ct ive ve l o c i ty requi re d .  The fi rs t and only trans ltonar mi d­
:::2 '..t�s e ��orre ct i on was init i at e d  on t i me and re s ulted in a pericynthion 
alt i ': '.ldc of 6 1 . 5 mi les , as cor.1pare d with the de s i re d  value o f  60 .0  mi le s . 
c::·v :: cth �:r  opport un i t i e s  for r.1i dcour s e  correct i on were avai la.Lle during 
the t r-a.ns llm ar phas e , but t h e  ve lo�:. ty ch ange s  require d  to s at i s !'y plan­
ne i � e r- : :::ynt h i on alt i t ude anc nodal p o s it i on t arge t s we re we ll below the 

.. 
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leve ls at whi ch normal lunar o rb i t  i ns ert i on can be re targete d .  
1ore , n o  furt her t rans lun ar mi dcours e corre ct ions were require d .  
trans lunar traj ect ory w as  ve ry s imi lar t o  t h at of Apollo 10 . 

7 . 4 . 4  Lunar Orbi t Ins ert i o� an d  Circular i zat i on 

7-3 

There­
The 

The lunar orb i t  i ns ert i on and circulari zat i on t arget i ng ph i lo s ophy 
for Apoll o ll di ffe re d  from t h at of Apollo 10 i n  two ways . Firs t , t ar­
get ing for landing s i te lat i tude was b i as ed to ac coun t  for the orb i t  
plane regre s s ion obs e rve d i n  Apollo 10 ; and s e condly , t h e  c i r culari zat i on 
maneuve r was t argeted for a non c i r cular orb i t  of 6 5 . 7  by 5 3 . 7 mi les , as 
compared wi th the 60-mi le- c i rcular orb i t  t arge t e d  for Apollo 10 . A di s ­
cus s i on o f  t h es e  con s i de rat i ons i s  pre s ente d i n  s e ct ion 7 . 7 . The repre­
sent at i ve ground t rack of the s pacecraft duri ng the l un ar orb i t  phase o f  
t h e  mi s s i on i s  shown � n  figure 7-2 . 

The s equence o f  e ve nts for lunar orb i t  i ns ert ion was i ni t i at e d  on 
t ime , and t h e  orbi t  ach i e ve d  was 169 . 7  by 60 . 0  miles . The fir i ng dura­
t ion was 4 . 5  s e conds les s than predi ct e d  becaus e of high er th an pre­
di ct ed thrus t ( see s ect ion 8 . 8 ) . 

The c i r culari zat i on maneuvPr was i ni t i at e d  two revolut i ons l at e r  
and achi eve d  t h e  des ired targe t orb i t  t o  wi th i n  0 . 1 mi le . The s p acecraft 
was placed i nto a 6 5 . 7- by 5 3 . 8-mi le orb i t , wi th p eri cynth ion at approxi ­
mat e ly 80 degree s  wes t ,  as planned .  The R2 orb i t  pre di ct i on model p re­
di c t e d  a s p acecraft orb i t  at 126 hours ( revolut ion 13 ) o f  5 9 . 9  by 59 . 3  
mi les . Howeve r , the orb i t  di d not circulari ze dur i ng t h i s  period ( fi g . 
7-3 ) .  The effe ct s  of t h e  lunar potential were suffi c i ent to c aus e thi s 
predi ct ion to be i r. e rror by ab out 2 . 5  mi les . The act ual space craft 
orb i t  at 12 6 hours was 6 2 . 4  by 56 . 6  mi le s . 

7 . 4 . 5  Undoc k i ng an d  Command Module Separat i on 

The lunar module was undecked from the comman d  module at about �o o 
hours during lunar revolut ion 1 3 .  The command and s ervi ce modules then 
per forme d  a three -impul s e  s eparat i on s e que nce , wi th an actual firing 
t i me of 9 seconds and a velo c i ty change of 2 . 7  ft / s � c . As repo rt e d  by 
the crew , the lunar module t raj e ctory perturb at ions res ult i ng from un­
docking and stat i on-keep ing were uncompens at e d  for in the des cent orb i t  
ins ert ion maneuve r one -hal f  revolut ion lat e r .  Thes e errors dire ct ly af­
fe cted the lunar module s tat e ve ctor accuracy at the i n i t i at ion of pow­
ere d ie s cent . 
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7 . 4 . 6  Lunar Module Des cent 

The des cent orbit ins ertion maneuver was executed at 101-l/2 hours , 
and about 57  minutes later , the powered des cent sequence began . The 
det ai led traj e ctory analys is for the lunar module des cent phase is pre­
sented in section 5 . 1 .  The traj ect ory parameters and maneuver res ults 
are pres ented in tables 7-II and 7-V . 

7 . 4 . 7  Lunar Module Ascent and Rendezvous 

The lunar module as cent st age li fted off the lunar surface at 
124 : 22 : 00 . 8  after st aying on the surface for 21 hours 36 . 35 minutes . 
Lunar orbit ins ertion and the rendezvous sequence we re normal . The 
terminal phas e  was completed by 128 hours . The detai led traj ectory anal­
ysis for as cent and rendezvous is pres ented in s e ct i ons 5 . 6  and 5 . 7 .  

Tables 7-II and 7-V present the traj ectory parameters and maneuver re­
sults for thes e phases . 

7 . 4 . 8  Transe arth Inj ection 

The trans earth injection maneuver was initiated on time and achi eved 
a velocity change of only 1 . 2  ft /sec les s than planne d .  This maneuver 
exc eeded the real-t ime planned duration by 3 . 4  s econds becaus e of a 
sli ghtly lower-than-expe cted thrust ( s ee section 8 . 8 ) . The trans earth 
inj ection would not have achieved accept able earth entry conditi ons . The 
res ulting perigee altit ude solut i on was 69 . 4  mi les , as compared with the 
nomi nal value of 20 . 4  mi les . 

7 . 4 . 9  Trans earth Mi dcourse Correcti on 

At the fi fth midcourse-correction opt i on point , the first and only 
trans e arth mi dcours e correction of 4 . 8  ft/sec was made with the react i on 
e:outrol system , which corrected the traj ectory to the predi cted entry 
flight-path angle of minus 6 . 51 degrees . 

7 . 5 COMMAND MJDULE ENTRY 

T�e best est imat ed traj ectory for the comm&nd module dt�ing entry 
·•:1s obt ained from a digital post fli ght re const ruction .  The onboard te­
�e�e t ry recorder was inope rative during entrJ ,  and since the space craft 
"C>xpe ri enced communicat i ons blackout during the fi rst portion o f  ent ry ,  

.. 



7-5 

complet e teleme t ry  in format i on was not re corde d .  A range ins t rumenta­
t i on ai rcraft re ce i ved a small amount of dat a s oon after the entry inter­
face was re ache d and agai n approximat e ly 4 mi nutes into the ent ry . The s e  
dat a ,  comb i ne d  with the b e s t  estimat e d  traj e ct ory , produce d  the p os t fl i gh t  
dat a p 1 e s er.te d  here i n . Tab le 7-VI I pre s ents the actual con di t i ons at 
ent ry i ntf'rface . 

The fli ght -path angle at ent ry was 0 . 0 3-degre e  shallower th an pre­
di ct e d  at the las t mi dcours e corre ct i on , caus i ng a peak load fact or of 
6 . 56g , whi ch was s li ghtly h�gh er than planne d .  

The s p ace craft la.-"1 de d i n  the Paci fi c Oce an  at 169 . 1 5  degrees wes t  
an d  13 . 30 degre es north . 

7 .  6 SERVICE MODULE ENTRY 

The s e rvi ce module ent ry was re corde d  on fi lm by ai rcraft . Thi s fi lm 
shows the s ervi ce module ent ering the eart h ' s  atmosphe re and di s i nt egr a­
t ing n e ar t h e  c ommand module . Accordi ng to pre fli ght pre di ct i ons , th e 
s ervi ce module sh ould h ave skippec_ out of the e arth ' s  atmosphe re into a 
h i ghly ellipti cal orb it .  The Apollo ll crew ob serve d the s ervi ce module 
ab out 5 mi nutes aft er s eparat i or. and i ndi c at e d  th at its re act i on control 
thrus t e rs were fi. ring and the module was rot at i ng .  A more comp lete di s ­
cus s ion o f  t h i s  an omaly is cont ai ne d i n  s ect i on 16 . 1 . 11 .  

7 . 7  LUNAR ORBIT TARGETING 

The t arge t i ng phi los ophy �or the lunar orb it i ns ert ion maneuve r di f­
fe re d i n  two weys from that o f  Apollo 10 . Fi rs t , the landing site lat i ­
tade t arge t i ng was b i ased in ·m attempt to account for the orbit plane 
regre s s i on not ed in Apollo 10 . During Apollo 10 , the lunar module passed 
approximat e ly 5 mi le s s outh of the landi ng site on the low-alti t ude pas s  
followi ng de s cent orbit i nsert i on .  The Apollo 11 t arget bias of 
minus 0 .  37 de gree in lat i  tucle was b as ed on the Langley Research Center 
13-degree , 1 3-order lunar gravi t.y mode l .  Of all gravi ty models inve st i ­
gat e d , th iR one c ame the clos es t t o  pre di ct i ng the crbit  inclinat i on an d  
longi tude o f  as cendi ng node rates ob se rve d from Apollo 10 dat a .  During 
the l un ar l an di ng phas e i :1 revolut i on 14 , the lunar module lati tude was 
0 . 0 78 degree north of the desi re d landi ng s i te lat i tude . A large part 
o f  thi s e rror re sulted beca<.1s e the t arg�t ed orbit  was not achieved at 
l�� ar orb i t  i ns ert i on . The di fference between the predi cted and actual 
values was approx i mat eJ y  0 . 0 5  de gree , whi ch repres �nts the predi ction 
e rror from the 13-degree , 13-order model ove r 14 revolut i ons . Howeve r ,  
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the amount of lun ar mojule plane change requi re d dur i ng de s cent was re ­
duced from the 0 .  337 degree th at woul d have b een requi re d for 'i landi ng 
duri ng Apollo 10 t o  0 . 0 7 0  de gre e i n  Apollo ll by b i as i ng tr .. •.: lunar orb i t  
i ns ert i on t arget i ng .  A compari s on between Apollo 1 0  an d  1 1  lat it ude 
t arget i n g  re s ult s i s  pre sented in t ab le 7-VI I I .  

The s e cond ch ange from Apollo 10 t arge ti ng was that the ci rculari z a­
t i on maneuve r was t arge t� d  for a non c i r cular orb i t  of 5 3 . 7  by 6 3 . 7  mi le s . 
The R2 lun ar potenti al mode l pre di ct e d  thi s  orb i t  would de ea;r t c  Ft 60-mile 
c i rcular orb it at nomi nal t ime for rendezvous , thereby cons ervi ng as •  ent 
s t age propellant s . Alth ough the R2 mode l is currently the bi. ::;  t; for pre ­
di ct i ng i n-plane orb it al element s ,  i t  cannot pre di ct acr:urat e ly  over long 
intervals . Fi gure 7- 3 shows that the R2 p re di ct i ons , us ,;. : 1.:::; the revolu­
t i on 3 ve ct or , mat che d t h e  ob served alt i tude s for app:..�cdLtat e ly 1.2 revo­
luti ons . It shm .. ld b e  not e d  th at the comman d a.'1d s e rvi ce module s epara­
t i on maneuver l n  lw1 ar orb i t  was t ak en i nt o  account f or ·o ota the ci rcu­
lar i z at i on t argeting and the R2 predi ct i on .  I f  th e S ],>:...L:.:: craft h ad b een 
place d i nt o  a ne arly ci. r cular orb i t , as in Apc-�_lo 10 , e s t imat e s  show ·ch at 
a degeners.t e d  orb i t  of 5 5 . 7  b;y 67 . 3  mi les would have resulte d  by the t i me 
of rendezvous . The vel o c i ty penalty at the con s t ant di fferenti al hei ght 
maneuver for the Apollo 10 approach would h ave b een at le ast 2 3  ft /s e c , 
as compare d t o  the actual 8 ft /se c re .3 ult i ng from th e exe cut e d  circtllar­
i z at i on t arge ti ng s cheme . A comp ari s on between Apollo ll &id Apo�lo 10 
c i rcular i z at i on re s ult s  i s  pre s ent e d  i n  t ab le 7-IX . 

7 .  i3 LUNAR ORBIT NAVI GATION 

The pre fli ght plan for lunar orb i t  navi gat i on , b as e d  o:1 Apollo 8 
and 10 pos t fl i ght an alys es , was t o  fit t rack i ng dat a  from two ne ar s i de 
lunar pas s es with the orb it plane con s t rai ned to the lat es t , oue-pas s  
s olut i on .  For de s cent t arge ting , i t  was planne d t o  us e  the landi ng s i te 
c oordi nat e s  determi ne d from landillark s i ght ings during revolut i on 12 , i f  
i t  appe are d that the pro�er landmark h ad been t rack � d .  I f  not , the b e s t  
pre fli ght estimat e of co ordi nat e s  from Lunar Orb i ter dat a and Apollo 10 
s i ght i ngs was to be us e d .  In addi ti on , these coordi nat e s  were to b e  ac·.­
j n s ted t o  ac count for a two-revolut i on propagat i on of radi al e rrors de­
t e � mi ne d  in revolut i ons 3 through 10 . The predi ct e d  worst - cas e e stimat e:  
o f  nav i gat i on accuracy w as  approximat ely 3000 fe et i n  b oth lat it ude an d  
longi tude . 

Seve ral unan t i  � i p at e d  prob lems s eve re ly affe ct e d  navi gat i on ac curacy . 
Fi rst . there wa.s a gre ater i n c on s i s tency and large r erro rs in the one-p as s  
orb i t  plane e s timat e s  than h ad been ob s e rve d  or. any previ ous mi s si on 
( :'i g .  7- 4 )  . 

I I 
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The s e  errors '" e re t h e  res ult o f  a known de fi c i en cy in t h e  R2 lunar 
potent i al r:.o de l .  'i.'h i s  c o n di t i on s hould not o c c ur on fut ure mi s s i on s  

b e c au s e  d i f fe rent lunar i nc l i n at i cl l  angles w i l l  b e  flown . 

A s e c on d  prob lem , c l o s ely relat e d  to th e f i rs t , was t h at th e two­
revolut ion prop agat i on e rr o rs f o r  c ro s s track , or l at i tude , e rrors were 
ext reme ly i n c ons i s tent . The ave rage progagat i on e rror b as e d on f i ve 

s ar.1ples at the end of revo l ut i on 10 w as 2900 feet ; b ut the un cert ai nt y  
i n  thi s  e s t imat e was plus o r  mi nus 9 0 0 0  fee t . C n  t h e  other hand , the 
p rop agat i on errors for r adi al and downtrack , o r  lo:1gi tude , e rrors were 
withi n expect e d  limi ts . No adj us tme n t  was made for e i th e r  l at i tude or 
longi t ude propagat i on e rrors because of t h e  l arge unc e rt ai nty i n  the case 
o f  lat i tude and the small corre ct i on ( 800 fee t ) requi r e d  i n  t h e  cas e o f  

long i t ude . 

The c o o r di nat e s  ob taine d from t h e  l andmark t rack i ng duri ng revolu­

t i o n  12 devi at 8 d  from the b e s t  pre fl i gh t  e s t i mat e o f  t h e  center of t h e  

landi ng s i � s  ell i p s e  by 0 . 09 7  de gre e north , 0 . 01 4 7  de gre e e as t , an d  

0 .  038 � � U: b elow . The s e  e r rors are att r i b ut e d  t o  the F2 potent i al 
model de fi c i e n c i e s . The large di f fe rence i n  l at i tude re s ult e d  from an 

error in th e s pa c e c raft s t at e ve c t o r  e s t imat e of th e orb i t  plane ; these 
were t h e  dat a u s e d  to gene rat e t h e  s igh t i ng angles . The d i fference i n  
longit ude could al s o  h ave b e e n  c aus e d  by an e rror i n  th e e s timat e d  state 
ve c t o r  or from t r acking t h e  wrong l an dmark . 

Th e t h ird prot lem area '..r as t h e  large numb e r  of traj ectory pert urba­
t i on i n  revolut i on s  11 through 1 3  b e c aus e o f  unc o up le 1  at t i t ude mane uve rs , 

s uch as hot fi ring t es t s  o f  t h e  lun ar module t hrus ters , undocking impulse , 
s tat i on-ke e p i n g  act i vi ty , S "Jb limat or operat i on an d  po s s ib ly t unnel and 
cab i n  vent i ng . Th e n e t  e ffe ct of t h es e p e rt urb at i on s  was a si zeable down­
r ange mi s s . 

A compar :. s on between the lunar l an di n g  point coordi nates generated 
from var i ous dat a s our ces i s  presented i n  table 5 -IV . The difference , or 
mi s s  di s tan c e , was 0 . 04 4 4  degree south and 0 . 2199 degree e as t , or approx­
imat ely 44 4 'J  E.nd 21 990 feet , respect i vely . The mi ss i n  lat i t ude w as  
c aus e d  b y  negle ct ing t h e  two-revoluti on orb i t  plane propagat i on error , 
and the m:. s s  in longi tude resulted from the traject ory pert urbat i ons 
dur i ng revolut i ons ll through 1 3 .  

The coordinat e s  used for as cent t arge t i ng wer•.= the best preflight 
e s t in at e  of l andi ng s i t e  radius and t he onboard-gui dance est imate of lat ­
itude and long i tude at touchdown ( correct ed for i n i tial state vect or errors 
frorr. gr oun d  track ing) . The e s timat e d  errors i n  t arget i ng coordi nat es were 
a rcocdi us ::.500 fe et l e s s  t h an desired and a longitude 4400 feet t o  the west. 

I f 
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TAB IE 7 - I . - DE FIIII T I OII C F  THAJECTOPY AND JPBI TAL PARA!f.ETERS 

Traj ectory Par ame t ;; rs 

8eode t i c  lat i tude 

Sele nograph i c lat i tude 

Longi tude 

Alt i tude 

Spac e - fixe d ve l o c i ty 

Spac e - f i xe d  fl i gh t -pat h angle 

Spac e - fi xe d he adi ng angl e 

Apoge e 

P e r i gc:e 

Arocynt h i o n  

Peri cynth i on 

Per i o d  

In c � i nat i c n  

:,c:'.;:�  t ude of t h e>  <J.s ce: di. ng 
!1Ud·2 

D e !'i d t i on 

Spac e c r aft pes i ti en me as ur e d  north or s outh from 

t h e  e arth ' s 9quat o r  to the lo cal ve rt i cal ve ct o r , 

deg 

Spac e c raft pos i t i on me as ure d  nort h or s outh from 

t h e  t rue lunar e lJ.uat o r i al p l an e  to the lo c al ver­

t i c al ve ct o r , deg 

Spac e craft pos i ti on measur e d  eas t  or we s t  from t h e  

b � ij ' s  pri me meri di an t o  t h e  l o c al vert i cal ve c ­

t o r , deg 

Perp endi cular d i s tan ce from the re fere nce b oqy to 

the poi nt o f  orb i t  i nt e rs ect , ft or mi :e s ; alt i ­

tude above t h e  lunar surface i s re feren ced t o  

Landi ng S i te 2 

ll]agn i tude of t h e  i n e rt i al ve lo c i ty ve ctor re fe r­

e n c e d  to t h e  b ody- ce nt e re d ,  i ne rt i al re ference 

coor di nat e sys tem , ft / s e c  

Fl i gh t -path angle me as ur e d  p os i ti ve upward from 

t h e  b ody -- ce nte red ,  lo c al hcri zontal plane to t h e  
i nert i ai ve lo c i ty vector , de g 

Angl e  of t h e  p roj e c t i on of the i nert i al ve locity 

ve ctor onto th <:: l o c al b ody - c e nte re d ,  h ori zont al 

p l ane , me as ure d  pos i t i ve e as tward from north , deg 

Maximum alt i tude ab ove the ob lat e  earth mode l , mi le s  

Minimum alt i tude above t h e  oblate earth mode l , mi l e s  

Maximum alt i tude ab ove the moon mode : ,  refere nced 

t o  Landi ng S i t e 2 ,  miles 

�i nimum al t i tude above the moon mode l ,  re fere nced 

t o  La.uu.:. u� 2 i. te 2 ,  mi les 

Time r e qui red fo r s p ace craft to comple te 360 de ­

gr e e s  of orb i t  rot at i on ,  mi n 

Acute angle forme d at t h e  i n':-er; e ct i on of t h e  orb i t  

p lane 3n d  t h e  r� fere nce b ody ' s  e ;uat ori al plane , 
de g 

Longi t t.o.de where t h e  o rb i t  ;; l an e  �ros ses t h e  re f­

e r e n c e  b ody ' s e quat o r i al p l an e  :rom below , deg 
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TABJ..;: 7- l ! L - THAIISLLIIAJ< MA!It:INEII SLMWn' 

I Ve1oc1t.)l 
lleaultut perieyDthiCIIl eCIIldiUODa 

-..... r S7atea 
IcnHiOD t t.e ,  Firlog u- . cbUil!•· hr:aio :aec sec tt./aec Al t i tude , Veloclt,r • Lat itude , !.oDci t. u4e • Arrival t. u.e ,  

ai le• tt./aec us des hr :•in:aec 

i'rnu1....., LD,leet. ioe S-IYB ::> : lolo : ltl.2 jlo'/ . ;  lO 44 1 . 0  896 . 3  66loo o.us 1T4 . 1 3W  75 :05:21 
a:-.4 IIDd aer'lt1ee .-oct- a.act.LOD -trol 3 : 11 :04 . 6  7 . 1  0 . 1  627 . 2  6728 0 .()96 17lo .6911 75 : 0'( : 47 

ule/S-I VII separa&ioa ' 
�cratt. /S-l VII SerYiee proplldoo It :loO : 01 . 8  ,! , 'J  19 . 1  1 8o . 6  1912 0 . 1811 115 .97! 75 : 39 : 30 

Hp&rU LOG 

rt.rat aide_,..• corree- SerYlee pr...,.UdOG 26 :1olo :59 . 7  3 . 1  20.9 61. 5  83311 0 . 1111 173. 57! 75 : 5 3 : 35 
\LOll 

TABLa 7-I V.- IRU RJmlRII COIDITIOJIS POll '!IWISWIAJI JCADJVa8 

I!Dt17 iDtert..,. COIIcU. t1-
Vector deac:rlpUoa �or t t.e ,  

hr :aiD :aec Ve1oci t,r ,  n 1&b t.-patb usJ.e , Latitude . �1tu4e , ArriY&l t. t- . 
tt./aec des de& deC br :aiD:aec 

After tr.a!ID&I' 1a,Jeet10D 2 : 50 :0 3 . 0  )6 016 -64 . o6  1.9:JI 66 .� 162 :12 :olo 

After � �  aenlee .o4- lt :ltO :Ol . O  36 079 -67 . lo 3  0.198 98.051! 160 : 32 :27 
uleiS-IVII aepara&ioa I 

I 
After aepara&loa --r ll :28 :oo.o 36 139 -lo8.95 31. 3811 59.951 llo6:39 :27 

After nnt aidCC)I&I'ae �et!OD 26 :1t5 :01 . 5  36 147 -1� . � 18.1t68 168. �.u<i: 1115 :05:28 

.. ,..,... 1...,. orb1 t lAMrUoa TO:�:OO )6 llo7 -9 . elt 11.8!18 169 .ou: 1lt5 :0io : 32  

� 
b 

• j f < .... . .,,. � 

_... 



TAJIU: 1- V . - WNAJ< Oki!IT MA!fl'UY£k SLNIAI'IY 

Veloci tJ'  
RealoLltiUit orb1 t 

ttaAc"veor S)'Stdl 
ir:hi tiun tilDe , t'!rl"<! t r- ,  cn-.cc , hr :ILl n :  sec at:c Apoeyntblo>�� , Peric)'ntb! on ,  

tt./sec mi les miles. 

Lwu.r ort> U .  !ruert !on Serv !c:c. J>roplolls !on 1� : 49 : ) <! . "  3)7 . )  2917 . 5  !69 .1 60 .0 
l."" ar  or b i t  c!rcloLlarhat !Oil Service- pro)J u.l .a l on  llu : 1 1 : 3<. . d  1 6 . 8  158 . 8  66.1 54 . )  

C-..4 IM>CIIU"/ !•mar 110<1- Servi c.. IIIOdl!le react i on lUU : 3'1 :  �.!. ') ) . 2 1 . 4  63 . 1  56 . 0  

.u .. Hpvat !on control 

Oe:lceDt ore . !.  inHrt.ioa. O.a�nt propu!sion l0 l : .l6 : 14 . u  ]J . O  76 . lt  6lt . 3  5 5 . 6  

Povere<l �sceat !n!t!�t!OD Deacent proploLlslan 10:•: 3 3 :05 756. 3 6930 58.5 7 . 8  
t.....ar orb i t  lnurt!Oil Aacent propiU:.ion 124:;>2 : 0 0 .8 4 34 . 9  6070 . 1  lo8. o 9 . 1, 
CuclJ.!ptl� ""'l!!er>ce !nlt!- Luolar -..Ie react ion 1;>) : 1 9 : 3 ) . 5  47 . 0  51 .5  lo9 . �  4 5 . 1  

.C.!on CODtrol 
C�t�t <l! ttereat l&l Luolar IM>CIIolle re&et lon 126 : 17 : 4') .<. 17 . 8 19.9 loJ.II 42 . 1  

be!pt COCitrol 

I hraill&l pbue In! tiat101> Luolar IM>CIIolle reac: l"" 1;!7 :03:5! . 8  22 . 1  25 . 3  61 . 1  4 3 . 1  
eoctrol 

hraill&l ....... t111&l 1 M Luolar ...SI!le reaction .127:4t.:09 . �  28.4 31 .11 63.0 56 . 5  

I 
..-trol 

'111&1 Mpar&Uon '-ar IM>CII!l� re&et lon 130 : 30 :01 . 0  1 . 2  2 . 2  62.1 54 . 0  
-trol 

T.AIIU: 1-VI • - ·rJWISEMITH MAIELNEii SI.MW!Y 

Fl ri flj! Veloci t¥ 
llesloLltU't entey interrace ccndi tions 

!Yent s,-.u. 
lci> I tt OD  u-. 

t. i.lle ' ch.,.e:e , 
br :a!n :aec Flipt-patb >'elocl tJ' ,  Latitude , Lon«! twle . Ar%'JVILJ. ti .... , Sl:"� ft./sec 

&Dt!le , doe s  tt./•ee dec des hr:ai n : sec 

...._..aru. 1nJect 1ca Senice prcpalaica 135 :23:1o2 . 3  151 . 4  3279 .o  -o.7� 36 195 11 . 2911 1 8o . 15E 195 : 0 5 : 57 

�cond aidco...-- cor- :l.n1c:e � 150:29:51.� u . .: 4 . 8  -6 . 46 36 1911 3.l'!'S 11l . 99E  195 : 0 3 : 08 
... �u .... Naett  .. eaatrol 

I' � 
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TABLE 7-VI I . - ENTRY TRAJECTORY PARAMETERS 

Entry i nter face ( 400 000 feet altitude ) 

Time , hr :mi n : s ec . . . . . . . . . . . 

Geodeti c lat itude , deg s outh 

Loogi tude , deg east • 

Alt itude , ud le s  • •  

Space-fixed veloci ty , ft / s ec 

Space-fixed flight-path angle , deg 

. . . . . . . . . . 

Space-fixed heading angle , deg east of north 

Maximum condi tions. 

Velocity , ft /sec 

Accelerat ion ,  g • 

Drogue deployment 

. ' . . 

. . . . 

Time , hr :mi n : sec . . . . . . . . . . . . . . . . . . 

Geodetic lat itude , deg s outh 
Recovery ship report 
Onboard guidance 
Target . • • • • • • • • 

Longitude , deg wes t 
Re�overy ship report • • • 

Onboard guidance 
Target . • . . . . . . . . 

. . . . . 

. . . 

19 5 :0 3 : 0 5 . 7  

3 . 19 

171 . 96 

65 .8 

36 194 . 4  

-6 . 48 

50 . 18 

36 277 . 4  

6 . 51 

19 5 : 12 : 06 ·9 

1 3 . 25 
13. 30 
13. 32 

169 . 15 
169 . 15 
169 . 15 

1 
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TABLE 7-VI I I . - LATITUDE TARGETING StJ.fMARY 

Landi ng s ite latitude on the 
landing revolutions , deg 

Apollo 10 Apollo 11 

Desired 0 . 691 0 . 691 

Actual 0 . 354 0 .769 

Error 0 , 337 lOuth 0 . 078 north 

TABLE 7-IX . - CIRCULARIZATION ALTITUDE TARGETING 

Orbit al t1  tude , ad lea 

Apoll o  10 Apollo ll 

At circulari zation Del ired 6o. o  b7 6o . o  53 . 7  b)' 65 . 7  

Actual 61 . 0  b)' 62 . 8  54 . 5  b)' 66 . 1  

lrror 1 . 0  b)' 2 . 8  0 . 8 b7 0 . 4 

At rendezvous Des ired 6o . o  b7 6o .o 6o .o b7 6o .o 

Actual 58. 3  b7 65 . 9  56 . 5  b)' 62 .6 

lrror -1 . 9  b7 5 . 9  -3. 5 b7 2 . 6 
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NASA-S -69-3735 

Figure 7-2. - Lu nar  ground track for revolutions 1 and J.,. 
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NASA-S -69-3736 

F igure 7.-2. - Concluded. 
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Figure 7-4.- Selenographic latitude estimates based on a one pass solution using R2 model . 
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8 .  0 COMMAND AND SERVICE MODULE PERFORMANCE 

8-1 

Performance of command and service module systems is dis cussed in 
this section . The sequential , pyrotechnic , thermal protection , earth 
landing , power di stribution , and emergency detection systems operated 
as intended and are not discussed further . Discrepancies and anomalies 
are generally mentioned in this section but are dis cussed in greater de­
tail in section 16 , Anomaly Summl'\cy' .  

8 . 1  STRUCTURAL AND MECHANICAL SYSTEMS 

At earth lift-off' , measured winds both at the 60-foot level and in 
the region of ma.ximum. dynamic pressure ind:i.cate that structural loads 
were well below the established limits .  During th�! first stage of flight , 
accelerations measured in the command module were nominal and similar 
to those measured during Apollo 10 . The predicted and calculated space­
craft loads at lift-off , in the region of' ma.ximum dynamic pressure , at 
the end of first stage boost , and during staging are shown in table 8 . 1-I . 

Command module accelerometer data indicate that sust ained low-fre­
quency longitudinal oscillations were limited to O . l;g during S-IC boost . 
Structural loads during S-II and S-IVB boost , trans l1mar inj ection � both 
do1�king operations , all service propulsion maneuvers , e.nd entry were well 
wi�hin design limits • 

As with all other mechanical systems , the docking system performed 
as required for both the trans lunar and lunar orl'i t dockL1g events . The 
following information concerning the two docking operatioLs at contact 
is based on crew comments : 

Trans lunar Lunar orbit 
Contact conditions docking docking 

Axial velocity , ft/sec 0 . 1 to 0 . 2  0 . 1  

Lateral velocity , tt/sec 0 0 

Angular velocity , deg/sec 0 0 

Angular alignment , deg 0 0 

Miss distance , in . 4 0 

I J 
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The probe retract time f'or both events was between 6 and 8 seconds . Dur­
ing the gas retract phase of lunar orbit docking . the crew detected a 
relative yaw misalignment that was estimated to have been as much as 
15 degraes . See sections 4 . 15 and 5 .  7 f'or further discussion . The un­
expected vehicle motions were not precipitated by the docking hardware 
and did net prevent acccmpliahment of a successfUl hard dock . Computer 
simulations of' the lunar orbit docking event indicate that the observed 
vehicle misalignments can be caused by lunar module plus X thrusting 
after the command module is placed in an attitude-free control mode ( see 
section 8 . 6 ) . 

• 
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TABLE 8. 1-I . - MAXIIIJM SPACECRAFT LOADS DURING LAUNCH PHASE 

Lirt-off Maximum qa End of first-stage boost Staging 

Iatert��ee Load 
Calcu1ated

8 
Predicted

b 
Calculated

8 
Predicted

c 
Calculated

8 
Predi cted

d Calculated8 

Lalaeh escape Bending .-nt , in-lb • • • 520 000 1 000 000 136 000 
a�/e� 

Axial force , lb • • . • . • -12 100 -11 000 -22 200 .oclule 

c-ad .adule/ Bending -nt , in-lb • • • 68o 000 l 320 000 166 000 
aerYice 8D<Iule 

Axial rorce , 1b • • • • • • -26 6oo -36 000 -66 200 
Berrice .oclule/ Bending -nt , in-lb • • • 696 000 
edapter 

Axial force , 1b • • • • • •  -193 300 
Mapter/iMtru- Bending -nt , in-lb • • • 2 263 000 

-t UDit 
Axial force, lb • • • • • •  -297 Boo 

10!1:: Jecative uial tor"" indicatea caapresaion . 

310 000 110 000 
-24 000 -34 600 

470 000 340 000 
-66 000 -81 600 

1 620 000 2 000 000 
-200 000 -271 000 

4 620 000 2 600 000 
-300 000 -415 000 

173 000 
-36 000 

590 000 
-69 600 

2 790 000 
-296 000 

5 o6o ooo 
-441 000 

230 000 
5 000 

30(1 000 
11 000 

l 220 000 
34 000 

1 400 000 
51 000 

'Die ntatat condit10Da at ..at.. qC> vere : Tbe accelerations at the end or first-stage boost were : 

Coa4U10D 

nl&bt tme , see • • • • • • 

... DO • • • • •  • • • • • •  

--'c �aaure , pat 0 0 • 

u.te of attack, des • • • • 

11u1.a 'l'lo pllr-des . . . .  

•C&lculated rro. flisht data. 

lieu lind 
89 . 0  

2.1 

695 
1.113 
9911 

Predictedc 
Acceleration 

67.2  Longitudinal , g . . . .  
1 .9  Lateral , g • • • • • • •  

727 
1.66 
1210 

�eta4 �o 11 loads baaed OD v1ad induced lumch vehicle bendins 1110111ent 11easured prior to launch. 

�eta4 Apollo 11 l.oeda baaed oa measured rinds aloft . 

�eted �o ll loads :Or block II llp&cecrart dealp verification condi tiona . 

�cted Apollo 11 loads baHd Clll AS-506 static teat thrust dec� data. 

Measured Predictedd 

3 .68 4.0  
o .o6 0 .05 

Predicted
e 

110 000 
8 000 

140 000 
19 000 

�J.o ooo 
60 000 

440 000 
90 000 

� VI 

---------------------------------· ------ ----------- -· = _., --
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8 . 2  ELECTRICAL POWER 

8 . 2 . 1  Batteries 

The bus voltages of the entry and pyrotechnic batteries were main­
tained at normal levels , and batteey charging was nominal .  All three 
entry batteries contained the cellophane separators , whereas only bat­
tery B used this type of separator for Apollo 10 . The improved perform­
ance of the cellophane separators is evident from voltage/current data , 
which show, at a 15-ampere load, that the cellophane type batteries main­
tain an output 1 to 2 volts higher than the Permian-type batteries . 

The only departure from expected performance was when batteey A was 
placed on main bus A for the translunar :midcourse correction.  During 
this maneuver , normal current sur>plied by each battery is between 4 and 
8 amperes , but current from batteey A was initially 25 amperes and grad­
ually declined to approximately 10 amperes Just prior to removal from the 
main bus . This occurrence can be explained by consideration of two con­
ditions : ( 1 }  fuel cell 1 on main bus A had a lower ( 400° F) than average 
skin temperature , causing it to deliver less current than usual ; and ( 2 }  
battery A had been fully charged Just prior to the maneu-�er . Both these 

· conditione , canbined to result in the higher than usual current deli very 
by battery A .  Performance was normal thereafter. 

The total battery capacity was continuously maintained above 103 A-h 
until separation of the command module fran the service module • 

8 . 2 . 2  Fuel Cells 

The fuel cells and radiators performed satisfactorily during the 
prelaunch and flight phases . All three fUel cells were activated 68 hours 
prior to launch , and after a 3-1/2-hour conditioning load , they were 
placed on open-circuit inline heater operation until 3 hours prior to 
launch . After that time , the fuel cells provided full spacecraft power. 

During the 195 hours of the mission 1 the fUel cells supplied approxi­
mately 393 kW-h of energy at an average spacecraft current of 68 . 7  -.peres 
( 22 .9 amperes per fuel cell) and an average c011111l811d module bus voltage of 
29 . 4  volts . The :a���Ximum deviation fran equal load sharing between indi­
vidual fuel cells was an acceptable 4 .  5 amperes . 

All thermal parameters , including condenser exit taperature , remained 
within normal operating ranges and asreed favorably with predicted flight 
values . The condenser exit temperat� on fUel cell 2 fluctuated periodi­
cally every 3 to 8 lld.nutes throughout the tllght . This disturbance vas 
similar to that noted 011 all other tllghts and is 4iscuased in more detail 
in reference 3 .  The periodic disturbance has been shown to han no effect 
on tuel cell performance .  
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8 .  3 CRYOGENIC STORAGE 

The cryogenic storage system satis factorily supplied reactants to 
the fuel cells and metabolic oxygen to the environmental control system. 
At launch , the total oxygen quantity vas 615 pounds ( 79 pounds above the 
minimum red-line limit ) , and the hydrogen quantity vas 54 . 1  pounds ( 1 .  0 
pound above the minimum red-line limit ) . The overall consumption i'rom 
the system vas nominal during the flight . 

During the flight , it vas discovered that one heater in oxygen tank 2 
vas inoperative . Records shov that it had failed between the times of the 
countdown demonstration test and the actual countdown , and current meas­
ureMnts indicate that the element had an open circuit . This anomaly is 
discussed in detail in section 16 . 1 . 2 .  

8 . 4  VHF RANGING 

The operation of the VHF ranging system vas nominal during descent 
and from lunar lift-off' until orbital insertion . Following insertion , 
a number of tracking dropouts vere experienced. These dropouts resulted 
fran negative circuit margins caused by use of the lunar module a:f't VHF 
antenna instead of' the forward antenna. After the antennas vere switched ,  
VHF ranging operation returned to normal . A maximum range of' 246 miles 
vas measured , and e. comparison of' the VHF ranging data vith rendezvous 
radar data and the predicted trajectory sh�d very close agreement . 

8 . 5  INSTRUMENTATION 

The instrumentation system , including the data storage equipment , 
the central timing equipment , and the signal conditioning equipment , sup­
ported the mission .  

The da+.;a storage equipment did .:10t operate during entry because the 
circuit breaker vas open . The circuit breaker vhich supplies ac power to 
the recorder also controls operation or the 6-band FM trana:m:ttter. When 
the television camera and associated .,nitor vere to be powered without 
transmitting to a ground station , the circuit breaker vas opened to dis­
able the 6-band FM transmitter. This breaker vas inadvertently lett open 
af'ter the last television transmission .  
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At approximately 5 hours 20 minutes during a s cheduled cabin oxygen 
enrichment ( see section 16 . 1 . 8 ) , the oxygen flow-rate transducer indicated 
a low oxygen flow rate . Comparison of the oxygen manifold pressure , 
oxygen-flow-restrictor differential pressures , and cryogenic oxygen values 
indicated that the flow-rate-transducer output calibration had shifted 
downward. To compensate for the uncertainties associated with the oxygen 
flow indications , cabin enrichment procedures ware extended from 8 hours 
to 9 hours . 

8 . 6  GUIDANCE , NAVIGATION , AND CONTROL 

The command module guidance , navigation , and control system perform­
ance was satisfactory throughout the mission . Earth-launch , earth-orbit , 
and translunar-injection monitoring fUnctions were normal except that the 
crew reported a 1 . 5-degree pitch deviation from the e�e�ted flight di­
rector attitude indicator reading during the translunar �njection maneu­
ver .  The procedure was designed for the crew to align the flight direc­
tor attitude indicator/orbit-rate drive electronics assembly (ORDEAL) at 
approximately 4 deg/min while the launch vehicle was maintaining local 
vertical . One error of 0 . 5 ·  degree i s  attributed to the movement of the 
S-IVB while the flight director attitude indicator and the orbit-rate 
drive electronics are being aligned. An additional 0 , 2-degree resulted 
from an error in orbit-rate drive electronics initialization . Further , 
the reading accuracy of the flight director attitude indicator is 0 . 25 
degree . An additional source of error for Apollo ll was a late trajec­
tory modificatioL which changed the ignition attitude by 0 . 4  degree . The 
accumulation of errors from these four sources accounts for the error 
reported by the crew . The present procedure is considered adequate ; 
therefore , no change is being prepared for later missions . 

8 . 6 .1 Transposition and Docking 

Two unexpected indications reported by the crew later proved to be 
normal operation of the respective systems . The 180-degree pitch trans­
position maneuver was to be performed automatically under digital auto­
pilot control with a manually initiated angular rate . The crew reported 
that each time the digital autopilot was activated , it stopped the manu­
ally induced rate and maintained a constant attitude . The cause of the 
apparent discrepancy was procedural ; although the digital autopilot was 
correctly initialized for the maneuver , · in each case the rotational hand 
controller was moved out of detent prior to enabling the digital auto­
JlilOt . tiormally , when the out-of-detent signal is received by the com­
puter , the digital autopilot is switched from an automatic to an attitude­
hc,ld function until reenabled. After four attempts , the maneuver was 
initiated properly and proceeded according to plan . 
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The other discrepancy concerned the entry monitor system velocity 
counter . The crew reported biasing the counter to minus 100 ft/sec prior 
to separation , thrusting forward until the counter indicated 100 . 6 , then 
thrusting aft until the counter indicated 100 . 5 .  After the transposition 
maneuver , the counter indicated 99 . 1 ,  rather than the expected 100 . 5 .  
The cause of this apparent discrepancy was also procedural . The trans­
position maneuver was made at an average angular velocity of 1 . 75  deg/sec . 
The entry monitor system is mounted approximately 12 feet from the center 
of rotation .  The resulting centripetal acceleration integrated over the 
time necessary to move 180 degrees yields a 1 . 2-ft/sec velocity change 
and accounts for the error observed. The docking maneuver following 
transposition was normal , with only small transier�ts . 

8 . 6 .2  Inertial Reference System Alignments 

The inertial measurement unit was aligned as shown in table 8 . 6-I . 
Results were normal and comparable to those of previous missions . 

8 . 6 . 3  Translation Maneuvers 

A summary of pertinent parameters for each of the service propulsion 
maneuvers is contained in table 8 . 6-II . All maneuvers were as expected ,  
with very small residuals . Monitoring o f  these maneuvers by the entry 

. monitor system was excellent , as shown in table 8 . 6-III . The velocity 
initializing the entry monitor velocity counter prior to each firing is 
biased by the velocity expected to be accrued during thrust tail-�ff. 
When in control of a maneuver , the entry monitor issues an engine-off 
discrete signal when the velocity counter reaches zero to avoid an over­
burn , and the bias includes an allowence for the predicted tail-off . 

The crew was concerned with the duration of the transearth injection 
maneuver . When the firing appeared to be approximately 3 Aeconds longer 
than anticipated , the crew issued a manual engine-off command.  Further 
discussion of this problem is contained in section 8 . 8 . The data indicate 
that a computer engine-off discrete appeared simultaneously with actual 
engine shutdown . Therefore , the manual input , which is not instrumented ,  
was either later than , or simultaneous with , the automatic caamand. 

8 . 6 . 4 Attitude Control 

All attitude control functions were s�tis factorily performed through­
out the mission . The passive the:nnal control roll maneuver was used dur­
ing tt'anslunar and transearth coast . 
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After entry into lunar orbit , and while still in the docked config­
urat ion , the crew reported a tendency of the spacecraft to position itself 
along the local vertical with the lunar module pos it:ioned down . This ef­
fect was apparently a gravity gradient torque , which can be as large as 
0 . 86 ft -lb when the longitudinsl axis of the vehicle is oriented 45 de­
grees from the local vertical . A thruster duty cycle of once every 15 
to 18 seconds would be consistent with a disturbance torque of this mag­
nit'..lde . 

8 . 6 . 5  Midcourse Navigation 

Midcourse navigat ion us ing star/hori zon sightings was performed dur­
ing the translunar and transearth coas t phas es . The first two groups of 
sightings , at 43 600 and 126 800 miles , were us ed to calibrate the height 
of the hori zon for updat ing the computer. Although several procedural 
problems were encountered during early attempts ,  the apparent hori zon 
altitude was determined to be 35 kilometers . Table 6 .  6-IV contains a 
synops is of the navigation sightings performed. 

8 . 6 . 6  Landmark Tracking 

Landmark tracking • .,.as performed in lunar orbit as indicated in 
table 8 . 6-V . The objective of the sigh'tings was to eliminate part of 
the relative uncertainty between the landing site and the command module 
orbit and thus improve the accurecy of descent targeting . The sightings 
also provided an independent check or. the overall targeting scheme . The 
pitch technique provided spacecraft control while th� sextant was in use ,  
The landmark tracking program was also us ed to point the optics in severaJ. 
unsuccess ful attempts to locate and track the lunar module on the lunar 
surface ( see sectio� 5 , 5 ) .  

8 . 6 .  7 Entry 

The entry was performed under automatic control as planned. No telem­
etry date. are available for the period during blackout ; however , all in­
dications are that the system performed as intended.  

The onboard calculat ions for inertial velocity and flight-path angle 
at the entry interface were 36 195 ft/sec and minus 6 . 488 degrees , respec­
tively , and compare favor&.bly with the 36 194 ft/sec and minus 6 . 483 de­
grees determined from tracking . Figure 13-1 shows a summary of landing 
point data. The c,nboard computer indicated a landing at 169 degreeo 
9 minutes west longitude and 13 degrees 18 minutes north latitude , or 
1 . 69 miles from the desired target point . Since no telemetry nor radar 
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was available during entry , a final evaluation of navigation accuracy 
cannot be obtained.  However , a s imulated best estimate traJ ectory shows 
a landing point 1 .  03 miles from the target and confirms the onboard solu­
tion . Indicat ions are that the entry monitor system performed as intended. 

8 . 6 . 8  Inert ial Measurement Unit Performance 

Preflight performance of the inertial components is  summari zed in 
ta.ble 8 .  6- VI .  This table also shows tne avt!rage value of the acceleroru·· 
eter bias measurements and (!Yro null bias drif't measurements made in 
flight and the accompenying updates . 

The gyro drift compensat ion updates were not as successful as ex­
pected,  probably becaw1e of the change in s ign of the compens ation values . 
With the change in the torquing l�urrent , a bias difference apparently 
occurred as a result of res idual magneti zation in the torque� winding. 
The difference was smalL , however , and had no effect on the mission . 

Figure 8 . 6-1 contains a comparison of velocity measured by the iner­
tial measurement unit with that from the launch-vehiclt guidance system 
during earth ascent . Thes e velocity differences reflect the erro�s i n  
the inertial component compensation values . One set of error terme that 
would cause these velocity errors is shown in table 8 . 6-VI I .  The diver··· 
gence between the two systems is well within the expected limits and in-

-- �ic�es excellent performance , although a momentary saturation of the 
laubc� vehicle guidance system Y-axis accelerometer caused an initi al  
5 ft/sec error between the two systems . The remainder o f  the divergence 
in this axis was primarily caus .:-d by a misalignment during gyrocompassing 
of the spacecraft guidance system. The 60-ft /sec out-of-plane velocity 
error at insertion is equi••.\lent to e. misalignment of 0 . 11 degree ; this 
is corrC'lJcra.ted by the Z-ax�s gyro torquing angle calculated during the 
initialJoptical alignment in earth orbit . 

8 .  6 .  9 Compu'!'.er 

The computer per.formed as intended throll.ghvut the mi ssion .  A number 
of alarms occurred,  but all were caused by procedural errors or were in­
tended to caution the respective crewman . 

8 . 6 . 10 Optics 

The sextant and the scanning telescope per.formed normally throughout 
t.�e mission .  After the coelliptic sequence maneuver , the Command Module 
Pilot reported that , after selecting the rendezvous tracking program ( P20 ) , 



8-10 

the optics had to be "zeroed" before automatic tracking of the lunar 
module would begin . Data indicate that the optics mo�e switch was in 
the "computer" position when the command module was set up for the con­
tingency mirror image coelliptic sequence maneuver . In this maneuver 
program , the service propulsion engine gimbals are trimmed by the .:om­
puter through the digital-to-analog converter outputs of the optics cou­
pling data units . These same converters are used to drive the optics 
shaft and trunnion when the optics are in "computer" mcde . To avoid 
driving the optics with a gimbal drive signal , or vice versa,  the com­
puter issues discretes which enable or disable the appropriate output . 
With the optics drive disengaged , the trunnion in this unit was observed 
during preflight testing to drift toward the positive stop . The drift 
is caused by an anti-backlash spring . 

A register in the computer tracks trunnion position but is not large 
enough to provide an unambiguous value for the full range or allowtible 
trunnion angles . Therefore , the register is biased to provide unambigu­
ous readouts for the normally used range of minus 10 degrees to plus 
64 . 7  degrees .  In this case , the trunLion drifted beyond 64 . 7  degrees , the 
register overflowed ,  &nd the computer lost track or actual trunnion pos !­
tion . When the automatic optics positioning routine was enteref... at'ter 
selection of the rendezvous tracking program ( P20 ) , the canputer drive 
commands , based on the invalid counter contents , d'!"ove the trunnion to 
the positive stop . Zeroing the sytem reestablished synchronization and 
proper operation .  

8 . 6 . 11 Entry Monitor System 

Operation of the entry monitor system waa normal , although one seg­
ment on the electroluminescent numerical displ� for the velocity counter 
13iled to operate during the mission ( see section 16 . 1 . 4 ) . 

' 
._ _ _  
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T:lme , Progr= Star used 
hr:min option* 

0 :48 3 30 Menkent , 37 Bunki 
5 :35 3 17 Regor , 34 Atria 

5 : 39 3 17 Regor , 34 Atria 

9: 36 1 30 Menkent , 32 Alphccca 

24 :14 3 36 Vega, 37 Nunki 

53 : 00 3 10 Mirt'ak, 16 Procyon 

57 :26 3 31 Arcturus , 35 Rasalhague 

73 : o6 3 40 Altair , 45 Fomalhaut 

13 :33 1 6 Acamar , 42 Peacock 

79 : 10 3 33 Antares , 41 Dabih 

81 :05 3 31 Bunki , 44 Ehif 

96 : 55 1 4 Achernar, 34 Atria 

101 :15 3 1 Alpherat z ,  6 Acamar 
103 : 00  3 10 Mirfak, 12 Rigel 

107 : 30 3 43 Deneb , 44 Ehif 

112 : 52 1 33 Antares , 41 Dabih 

121 :15 3 25 Acrux , 42 Peacock 

1211 :41 3 

134 :34 3 1 Alpherat z ,  11 Aldebaran 

136 : 51 1 1 Alpherat z ,  43 Deneb 

149:19 3 14 Canopus , 16 Procyon 

171 : 16 3 

192:12 1 2 Diphda, 4 Achernar 

193 :35 3 1 Alpherat z ,  45 Fomalhaut 
-- - ---

*1 - Preferred; 2 · Nominal ; 3 - REFSJI«AT . 

TABLE 8 .  6-I . - PLATFDRM ALIGNMENT S!J!MARY 

Gyro torquing angle , 
Star ong1e Gyro drift , mERU 

l 

X 

+0 . 01d 

-0.172 

-0 . 171 

+1. 005 

-0 . 493 

+0 .103 

+0 .111 

+0 .285 

-0 . 423 

+0.100 

+0 . 046 

+0. 170 

+O . o84 

+0 . 032 

+0. 057 

+0 . 057 

+0.165 

+0 . 064 

+0 .166 

+0 .469 

+0 .265 

+0 .445 

-1 .166 

+0 . 016 

deg 
di fference , 

y z deg X 

+0. 033 +0 .152 O . G1 --

-0.050 -0 . 060 0 . 02 +2.4 

-0.052 -0.055 0 . 02 +2 . 4  

-0 . 368 -0. 737 0 . 01 --

-0.191 -0 . 024 0 . 00 �2 . 3  

+0 . 366 -0 . 004 0 . 01 -1 . 1  

+0 . 128 +0.014 0 . 01 -1 . 7  

+0.281 -0 . 006 0 . 01 -1 . 2  

+0 . 5o8 +0 .111 0 . 01 --

+0 .159 +0 .044 0 . 02 -1 . 2  

+0. 051 -0. 028 0 . 02 -1 . 6  

... 0 . 342 -0 . 023 0 . 00 -0 . 7  

+0 .124 -0 . 010 0 . 01 -1. 3 

+0.009 +0 . 001 0 . 02 -1. 2 

+0 . 166 -0 . 022 0 . 01 -0.8 

+0.213 -0 . 081 0 . 00 --

+0.186 -0 . 039 0 . 00 -1 . 3  

+0.100 +0. 021 -1 . 2  

+0 . 212 -0. 019 0 . 01 -1 . 1  

-0.217 +0. 383 0 . 02 --

+0 .268 +0.012 0 . 01 -1 . 5  

+0. 451 +0 . 006 0 . 01 -1 . 4  

-0 . 690 +0 .456 0 . 00 --

-0 .040 -0 . 010 0 . 01 -0 . 8  

y z 

-- --

+0.7 -0 . 8  

+0 .7 -0 . 8  

- - --

+ 0 . 9  -0 .1 

-1 . 4  0 . 0  

-1 . 9  -0 . 2  

-1 . 2  0 . 0  

-- --
-1 . 9  +0 . 5  

-1 . 8  -1 . 0  

-1 . 5  -0 . 1  

- 1 . 9  -0 . 2  

-0 . 3  0 . 0  

-2 . 4  - 0  .. 3 
-- --

-1 . 5  -0 . 3  

-1 . 9  +0.4 

-1. 4  -0.1 

-- --

-1. 5 +0.1 

-1 . 4  o . o  

-- --

+1 . 9  -0.5 

CoiiiDents 

Check star 34 Atria 

Not torqued 

Check star 33 Antares 

Check star 33 Antares 

Check star 7 Menkar 

Check star 1 AJ_pherat z 

Check star 11 Aldebaran 

Check star 12 Rigel 

Check stars 10 Mirfak , 1 Alpherat z ,  

4 5  F0111alhaut , 3 !fa vi 

� 
� 
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Par-ter 
Separation 

on. 
IpiUoa. br:lliD:aee 4 : � :01 . 12 
cutoff • br :llin:•ee 4 : � :04 . 6 5  
.DIIraloa • see 2 . 93 

YeloeitJ'. tt/ .. e 
(�.ual/de•ired) 
X -9. 161-9-14 I +14 . 94/+1lt . 86  
l +8. 56/+8. 74 

Yeloelt:r residual after tria-
. �  ... . ttl••• 
X o . o  
I o . o  
z -0.1 
lbt17 -itor s:rst- -0.3 

-.pne &iJBb&l poai tioa • de& 
Illiti&l 

Pi tell +0.93 
,_ -0.15 

lla1aa ezeurdoa 
Pi tell +O.Ito 
I• -o.ll6 

llte�-•tate 
Pitch +1.15 
I• -o . o6  

Clatoff 
cutoff 

Pi tell +1. 28 
!av -0.19 

11a1aa rate ezeur•ioa • deg/aee 
Pi tell -o.o8 I• +0 .21 
111111 -o.1" 

......._ atitude error. des 
Piteb h&li&ible 
I• Segligible loll Segli·•�le 

IIS&turated. 

TABLE 8 . 6-I I . - MANEUVER SUMMARY 

Service propulsion maneuver 

First midcourse Lunar orbit Lunar orbit 
correction insertion circular! zati CD 

26:44 :58 . 64 7 5 :  !�9 : 50 . 37 8o : U : 36 .75 
26 :45 :01 . 77 75 : 5 5 : 4'f, 90 8o :ll : 5 3 . 63 

3 . 13 357. 53 16 . 88  

-14. 19/-14 . 68 +327. 12/+327.09 +92. 53/+92 . 51 
+13. 17/+13.14 +2361. 28/+2361 . 29  +118. 18/+U8. 52 

+7 . 56/+7.66 +1681 . 85/+1681 . 79 +51.61/+51 . 93 

+0 . 3  -0.1 +0 . 3 
o.o 0.0 o.o 

+0 . 5  +0 . 1  -0.1 
-0 . 5  +0 . 5  -0 . 1  

+0.97 +0 . 97 +1.65 
-0.15 -0.15 -0.69 

+0. 30 +0. 30 +0.31 
-0 .42 -0 . 38 -0 . 33 

+1.15 +1.23 +1 . 90 
-0.02 -0.06 -0 . 32  

+1 .19 +2.03 +1 . 81  
-0.19 -o . 57 -0.44 

+0.12 +0 . 07 -0.04 
+0.16 +0.14 -0 . 20  
-0.21 -0 .18 -0 .13 

••sllsib1e 0 . 2  -o .3 
-0 . 1  0 . 2  +0 .2 
-o . 3  -5 . 0  +2 . 6  

Tranaeartb 
inJection 

135 :23:42.28 
135 :26:13.69 

151.41 

+932 ·11 /+932 .  74 
-2556 . 06/-2555 .81 
-1835 . 66/-183lt .6o 

o . o  
+0 . 1 
+0 .1 
-2. 1 

-0 . 55 
+0.69 

-1.73 
+1 . 55 

-0.12 
+0.118 

-0.33 
-0 . 94 

+l. OO• 
-1. oo• 
-1. oo• 

-o.4 
+0 .5 
±5 . 0  

I 

f{J 1-' 1\) 

ID!K: V&loeitie• are in earth- or aacm-centered inertial coordinates ; ve1oeit;y residuals in boey coordinates .  

-------------------···· --·------- · 
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TABLE 8 . 6-III . - ENTRY MONITOR SYSTEM VELOCITY SUMMARY 

Total veloci ty to be gained Velocity set into entry Planned 
Maneuver along X-axis , minus residual , monitor syotem counter , residual , 

tt/sec tt /sec tt/sec 

Separation 19 . 8  15 . 2  - 4 . 6  

nrat m.idcourse correction 20 . 9  16 . 8  -4.1 

lAmar orbit insertion 2917 . 4  2910 .8 -6 . 6  

Lun ar  orbit circularization 159 .3 153 . 1  -6 .2 

Transearth injection 3283 . 2  3262 . 5  -20 . 7  

Second midcourse correction 4 . 7  4 . 8  +0 . 1  

ROTE :  A correction factor of 0 . 2  tt/sec was appli ee t o  determine the corrected error. 

Actual 
res idual , 

ft/sec 

- 4 . 0  

- 3 . 8  

-6 . 8  

-5 . 2  

-17 . 9  

+0 . 2  

Corrected entry 
monitor error , 

tt /sec 

+0 . 6  

+0 . 3  

-0 . 2  

+1 . 0  

+2 . 8  

+0.1 

� .... VI 



Group Set/Marks Star 

1 1/4 2 Diphda 

2/3* 40 Altair 

3/6 45 FOIIIalhaut 

4/3 2 Diphda 

2 1/3 1 Alpherat z 

2/3 2 Diphda 

3/4 45 J'aaalhaut 

/ 

' ' 

TABLE 8. 6-IV . - MIDCOURSE NAVIGATION 

Time , 
Di stance 

Hori zon from earth , Iemarks 
hr :min 

miles 

Earth near 6 : 36 43 600 Optics calibration determi ned as 
-0 .003 deg; was not entered. 

Earth far Enco\Ultered diffi culty in locating 
star because of procedural problems . 

Earth near *First sighting on star 40 was re-
jected; had the wrong horizon . 

Earth near 8 : 08 
Sightings were misaligned in the 

measurement plane , up to 50 deg ; 
resulted from improper instructions 
from the gro\Uld. 

Earth near 24 :20 126 800 Optics calibration was zero . Not 
entered. Computed automat ic maneu-

Earth near ver onboard which did not consider 
the l\Ul&r module ; therefore , diffi-

Earth far 25 : 20 culty in locat ing first star was 
encountered as optic s  pointed at 
lunar module . Gro\Uld-computed ma-
neuver was used and sightings pro-
ceeded s atisfactorily . 

-

' 

� � 



-
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Time , 
hr :min : sec  

82 : 43 : 00 

98 : 49 : 00 

104 : 39 : 00 

122 : 24 : 00 
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TABlE 8 . 6-V. - LANDMARK TRACKING 

-
.�..:andmark Number of 

identification marks 
Opt ics mode 

Al ( altitude 5 Sext ant , manual - resolved 
landmark ) 

130 5 Sextant , manual - resolved 

130 5 Sextant , manual - resolved 

130 5 Sextant , manual - resolved 



TABLE 8. 6-VI . - INERTIAL COMPONENT PREFLIGHT HISTORY - CQ)I(A.'TO MJDULE 

Error 

X - Scale factor error, ppm • . • •  

2 
Bias ,  cm/sec . . . . . . . . . .  

Y - Scale factor error, ppm • • • • • 

Biu , em/sec 
2 

. . . . . . . . . .  

Z - Scale tactor error, ppm • • • • • 

Bias , ca/sec 
2 

. . . . . . . . . .  

X - lull biu dri ft ,  IIIERU • • • • • •  

Acceleration drift ,  spin reference 
ada, IIERU/g . . . . . . . . .  

Acceleration dri ft ,  input azis , 
IIIERU/g . . . . . . . . . . . . 

Y - lull biu drift , IIIERU • • • • • •  

Acceleration drift , spin reference 
uia , IIIERU/ g . . . . . . . . .  

Acceleraticn drift ,  input uj s ,  
IIERU/g . . . . . . . . . . . .  

Z - lull bias drift , mERU • • • • . • 

Acceleration drift ,  spin reference 
azis ,  aERU/g . . . . . . . . .  

Acceleratioa drift , input axis , 
aERU/g . . . . . . . . . . . .  

�ted to +0.08 at 31 hours . 

�ted to +0. 02  at 31 hours . 

----�---------

Sample 
meBll 

35 

-0 .23 

-22 
-0 .05 

-43 

0. 20 

-1 . 2 

- 5 . 4  

13. 7  

-1. 5 

1 . 7  

7 . 1  

-0 . 9 

8 . 4  

0.8 

StBlldard No . of Countdown 
deviation s amples value 

Accelerometers 

46 f: 50 

0 . 07 9 -0 . 25 

56 8 -98 

0 .11 8 0 . 04 

50 8 -101 

0 . 14 8 0 .15 

Gyroscopes 

1 . 7  9 0 . 4  

3 . 8  9 -3. 3 

3 . 9  9 14 . 4  

1 . 1  9 -2 . 4  

2 . 0  8 1 . 3  

5 . 6  14 9 .0 

1 . 6  9 -2 . 3  

6 . 6  8 20 . 4  

6 .4 9 -4 . 7  
--�-� 

c
Updated to +0 . 44 at 31 hours . 

d
Updated to +0 . 26 at 31 hours . 

Flight Flight average J Flight average 
load before u��� after update 

-
40 -- -- . 

-0 . 26 -0 .26 -0 . 26 

-8o -- --

-0 .13
a 

+0. 08 +0.08 

-30 -- --

O .l4b o.oo +0. 01 

-1 . 8c +2. 4  -1. 2  

-6 .0 

15 . 0  

-o.6
d 

+0 . 7  -1 . 4  

3 . 0  

5 .0 

-o .2
e 

-o . 6  -o . l  

5 . 0  

1 . 0  

•
Updated t o  -o . 3 1  at 31 hours . 

� � 

� 
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TABLE 8 . 6-VII . - INERI'IAL SUBSYSTEM ERRORS DURING LAUNCH 

Error term Uncompensat One-sigma 
ed error specifi cation 

Offs et velocity , ft /sec . . . . . . . . 4 . 2  --

Bias , em/sec 
2 X -0 .04f* 0 .2 - . . . . . . . . . . . . 

- y . . . . . . . . . . . . 0 .150* 

- z . . . . . . . . . . . . 0 . 001* 

Null bias drift , mERU - X  . . . . . . . . 2 . 4• 2 . 0  

- y . . . . . . . . 0 . 7* 

- z . . . . . . . . -0 . 8* 

Acceleration drift , input axi s ,  
mERU/g - X . . . . . . . . . . . . . . -6 . 8 B . o  

- y . . . . . . . . . . . . . . 2 . 0  8 . 0  

- z . . . . . . . . . . . . . . -0 . 7  8 . 0  

Accelerat ion drift , spin reference axis ,  
mERU/g - y . . . . . . . . . . . . . . -8 . 0  5 . 0 

Acceleration drift , output axis , 
mERU/g - X . . . . . . . . . . . . . . -2 . 3  2 to 5 

- y . . . . . . . . . . . . . . ·0 . 8 2 to 5 

- z . . . . . . . . . . . . . . -3 . 0  

Uncorrelated platform mi salignment about 
X axis , arc sec . . . . . . . . . . . . -13 50 

Uncorrelated platform misalignment about 
y axis ,  arc sec . . . . . . . . . . . . -26 50 

*Averaged for entire flight . 
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8 . 7  REACTION CONTROL 

8 . 7 . 1  Servi ce Module 

Performance of the service module reaction control systere was normal 
throughout the mis sion .  Tot al propellant consumed up to command module/ 
service module separation was 560 pounds , 30 pounds less than predi cted. 
During all mi ssion phases , the system pressures and temperatures remained 
well within their normal operating ranges . 

At the time the command and service modules s eparated fran 'the S-IVB , 
the crew reported  that the propellant isolation valve indi cat ors for 
quad B indi cated the ''barber-pole"  position . This indi cat i on corresponds 
to at least one primary and one secondary valve being in the closed posi­
tion .  Twenty t o  thirty seconds ai'ter closure , the crew reopened the 
valves according to che cklist procedures , and no further problems were 
experienced ( see section 16 . 1 . 6 ) . 

8 . 7 . 2  Canmand Module 

After command module /servi ce module separat i on ,  the crew reported 
that the minus-yaw engine in system 1 was not responding properly to 
firing commands through the automati c  coils . Postflight dat a confirm 

· that this engine produced very low , but detect able , thrust when the auto­
matic  coils were activated. Als o ,  the response to direct coi l commands 
was normal , whi ch indicat es that , mechani cally 1 the two valves were oper­
ating properly and that one of the two valves was operat ing when the 
automat i c  coils were energized. Postflight tests confirmed that an inter­
mittent circuit existed on a terminal board in the valve electronics . 
Section 16 . 1 . 3 contains a discussion of this anomaly . 

All measured system pressures and temperatures were normal through­
out the mission 1 and except for the problem with the yaw engine , both 
systems operated as expected during entry . About 1 minute a:rter caamand 
module/st.rvi ce module separation , system 2 was disabled and system 1 was 
used for �nt ry  control , as planned. Forty-one pounds of propellant were 
used during entry . 

8 . 8  SERVICE PROPUlSION 

Servi ce propuls ion system performance was satisfactory during each 
of the five maneuvers , with a total firing time of 531 . 9  seconds . The 
actual ignition times and firhg durations are listed in table 8 . 6-II . 
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The longest engine firing was for 357 . 5  s econds during the lunar orbit 
ins erti on maneuver .  The fourth and fi fth servi ce propulsi ,:m firlngs were 
preceded by a plus-X re act ion control translat i on to e ffect propellant 
s ettling , and all fi rings were conducted under aut omat i c  control . 

The ste ady-state performance during all firings was s atis fact ory .  
The steady-st ate pressure dat a indi cat e  essenti ally nomi�al performance ; 
however , the gaging system dat a indi cate a mixture rat i o  of 1 . 5 5 rather 
than the expect ed 1 . 60 to 1 . 61 .  

The engine t ransi ent performance during all starts and shutdowns 
was s atis factory . The chamber pressure overshoot during the start of 
th e spacecraft separat i on maneuvEr from the S-IVB was approximt �ely 
120 ps i a ,  whi ch corresponds to the upper speci fi cation limi t for start s  
us ing only one b ank  of propellant valves . On subsequent firings , the 
chamber pres sure overshoots were all les s  than 120 ps i a .  During the 
separat i on  firing , minor os cillati ons in the measured chamber pressure 
were observed beginning approximat ely 1 .  5 seconds after the initial fi ring 
signal .  However , the magnitude of the os ci llat i ons was less than 30 psi 
( peak-to-peak ) ,  and by approximat ely 2 . 2 seconds after igniti on , the cham­
ber pressure dat a were indi cating normal steady-state operat i on .  

The helium pressuri zat i on  system funct i oned normally throughout the 
mi ss ion . All system temperatures were maint ained within their red-line 
limits without beater operat i on .  

The propellant utili z at i on and gaging system operated s atisfactori ly 
throughout the mi ssion .  The mode sele ction switch for the gaging system 
was set in the normal positi on for all service propulsion firi ngs ; as a 
result , only the primary system dat a were us ed. The propellant utili za­
t i on valve was in the "normal" pos iti on duri ng the separat ion and first 
mi dcourse firings and for the firs t  76 seconds of the lunar orbit inser­
t i on  firing . At that t ime , the valve was moved to the "incre as e" position 
and remained there through the first 122 seconds of the transearth injec­
tion firing. The valve positiOil was ··then .moved to "normal" for approxi­
mately 9 seconds and then to "decrease" for most of the remainder of the 
transearth injection fi ring . 

Figure 8 .  8-1 shows the indicated propellant unbalance , as ccmputed 
from the data. The indicated unbalance history should reflect the un­
balance hist ory displ&¥'ed in the cabin , within the accuracy of the telem­
etry system. As expected , based on previous flights , the indicated un­
balance following the start of the lunar orbit insertion firing showed 
decrease readings . The initi al decrease readings were caused prim&.rily 
by the oxi di zer level in the sump tank exceeding the maximum gageable 
height .  This condition occurs because oxidi zer i s  transferred tram the 
storage tank to the sump tank as a result of helium absorption trCD the 
sump tank ullage . This phenomenon , in combination with a known storage 

··-.... 
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tank oxidi zer gaging error , i s  known to cause both the initial decrease 
readings and a step increas e  in the m.balance at cros sover .  The crew 
were briefed on thes e conditions prior to flight and,  therefore , expected 
both the initial decreas e  readings and a step increase at cros sover of 
150 to 200 pounds . When the unbalance started t� increase ( approach zero ) 
prior to cros sover,  the crew , in anticipat ion of the increase , properly 
interpreted the unbalance meter movement as an indi cat ion of a low mixture 
ratio and moved the l)ro:p�llant utili zation valve to the "increase" posi­
tion . As shown in figure 8 . 8-1 , the unbalance then started to decrease 
in  response to the valve change , and at crossover the expected step in­
crease did occur . At the end of the firing , the crew reported that the 
unbalance was a 50-pound increase , which agrees well with the telemetered 
data shown in figure 8 . 8-l . This early recognition of a lower mixture 
ratio and the movement of the propellant uti liti zation valve to the "in­
crease"  position during lunar orbit insertion resulted in a higher-than­
predi cted average thrust for the firing and a duration of 4 .  5 seconds less 
than predicted.  

The durat ion of the firing as determined by Missi o..1 Control , was de­
creased to reflect the higher thrust level experienced on the lunar orbit 
insertion firing . However ,  during the transearth injection firing , the 
propellant uti li zation valve was cycled from the no�al to the decrease 
pos ition two times . This resulted in less than the expected  thrust and 
consequently resulted in an overburn of 3 . 4  seconds _ above the recalculated 
transearth inj ect ion firing prediction . 

Preliminary calculRtions , which were based on the telemetered gaging 
data and the predicted  effects of propellant ut ili zat ion valve position , 
yielded mixture ratios for the "normal" valve position of ab out l .  55 ,. com­
pared to an expected range of 1 . 60 to 1 . 61 .  Less-th8l!-expected mixture 
rat ios were also experienced during Apollo 9 and 10 , and sufficient pre­
flight analyses were made prior to this flight t·:> verify that the p:"."opel­
lant uti li zation and gaging system was capable of correcting for mixture 
rat io shi f't s  of the magnitudes e:xperienced.  'l'he reason for the less-than­
expected -mixture ratios during ·the last three flights i s  still under in­
vestigat ion . 

An abnormal deca;y in the s econdary { system B )  nitrogen pressure \.•3.8 
observed during the lunar orbit insertion service propulsion firing , in­
dicat ing a leak in th� system which operates the engine upper bipropellant 
valve bank . No further leak11ge was i ndicated during the remainder of the 
mission . This anomaly is discussed in greater detail in section 16 . 1 . 1 .  

\ 
I l 
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8 . 9  ENVIRONMENTAL CONTROL SYSTEM 

The environment al control system performed satisfactorily through­
out the miss ion and provided a comfort able environment for the crew and 
adequate thermal control of spacecraft equipment . 

8 . 9 .1 O�gen Distribution 

The cabin pressure stabili zed at 4 . 7  psia prior to translunar injec­
tion and returned to that value after initial lunar module pressuri zation .  
Two master alarms indicating high o�gen flow occurred,  however , during 
lunar module pressuri zation when the o�gen flow rate was decreas ing. 
This condition was als o  experienced during grcund testing. Postflight 
analysis has shown that this condition was ca.'.lSed by a malfunction of 
oxygen flow rate trans ducer ( see section 16 . 1 . 5 ) . 

8 . 9 . 2  Particulate Back-Contamination Control 

The command module oxygen systems were used for particulate lunar 
surface back-contamination control from final command module docking 
until earth landing. 

At about 128 hours , the oxygen �·low rate WI!;.; adjusted to an indi­
cated reading of approximately 0 .6 �-�' /hr to establi sh a positive di ffer­
ential pressure between the two vehj.cles ,  causing the cabin pressure to 
increase to about 5 .  4 psi a. The oxygen purge was terminated at 130 hours 
9 minutes following the command module tunnel hatch leak check . 

8 . 9 .  3 Thermal Control 

The primary coolant system provided adequate thermal control for 
crew comfort and spacecraft equipment throughout the missi on .  The sec­
ondary coolant system ws.s activated only during redundant component checks 
and the earth entry chilldown . The evaporators were not activated dur­
ing lunar orbit coast , since the radi ators provided adequate temperature 
cootrol . 

At 105 hours 19 minutes , the priJil817 evaporator outlet temperature 
had dropped to 31. 5° F. Normally , the temperature is maintained above 
42° F by the glycol temperature control valve during cold temperature 
excursions of t.he radiator. This dis crepancy is discussed in sec-
tion 16 . 1 . 10 .  
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8 . 9 . 4 Water Management 

Gas in the spacecraft pot able water has been a problem on all manned 
Apollo flights . On this mission , a two-membrane water/gas separator was 
installed on both the water gun and the outlet at the food preparation 
unit . The separators allow only gas to pass through one membrane into 
the cabin atmosphere , while the second membrane passes only gas-free 
water to the outlet port for crew consumption . The crew indicated that 
performance of the s eparators was sat is factory . Water in the food bags 
and from the water pistol was nearly free of gas . Two interface problems 
were experienced while  us ing the separators . There is  no positive lock 
between the water pistol and the inlet port of the s eparator ; thus , oc­
casionally the s eparator did not remain in place when used to fill a food 
bag from the water pistoJ . Also ,  the crew commented that some provision 
for positively retaining the food bag to the s eparator outlet port woull 
be highly desirable . For future spacecraft , a redesign of the separator 
will provide positive locking between the water pis tol and the inlet port 
of the separator . Also ,  a change has been made in the separator outle� 
probe to provide an improved interface with the food bag.  

8 . 10 CREW STATION 

The displays and controls were adequate except the mis s ion clock in 
the lc��r equipment bay ran slow , by less than 10 seconds over a 24-hour 
period, as reported by the crew . The mission clocks have a history of 
slow operat ion , which has been att ributed to electromagneti c interference . 
In addition , the glass face was found t.J be cracked. This has also been 
experienced in the past and is caused by stress introduced in the glass 
during the assembly process . 

The lunar module miss ion clock is identical to the command module 
clock . Because of the lunar module clock problem dis cussed in section 
16 . 2  . 1 ,  an improved-design t imer is being procured and will be incorpo­
rated in future command modules . 

8 . 11 CONSUMABLES 

The predictions for consumables usage improved from mis sion to mis­
sion such that for the Apollo 11 miss ion , all of the command and service 
module consumable quantities were within 10 percent of the preflight es­
timates . 
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8 . 11 . 1  Service Propuls ion Propellant 

The service propulsion propellant usage was within 5 percent of the 
preflight estimate for the mission . The deviations which were experienced 
have been attributed to the variations in firing times ( see section 8 . 8 ) .  
In the following table , the loadings were calculated from gaging system 
readings and measured densities prior to lift-off . 

Actual us age , lb Preflight 
Conditions planned 

Fuel Oxidizer Total usage , lb 

Loaded 
In tanks 15 6 33 24 967 
In lines 79 124 

Total 15 712 25 091 40 803 4o 8o 3  

Consumed 13 754 21 985 35 739 36 296 

Remaining at command 1 958 3 106 5 064 4 507 
module/service module 
separation 

8 . ll . 2  Reaction Control Propellant 

Service rnoduZe . - Reaction control system propellant usage predictions 
and flight data agreed within 5 percent . Usage was higher than expected 
during transposition and docking and the initial set of navigational s ight­
ings . This was balanced by efficient maneuvering of the command and serv­
ice modules during the rendezvous sequence , in whi ch the propellant con­
sumption was less  than predict ed. The usages listed in the following 
table were calculated from telemetered helium tank pressure data using 
the relationship between pressure , volume , and temperature . 
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Actual us age , lb Preflight 
Condition planned 

Fuel Oxidi zer Total us age , lb 

Loaded 
Quad A llO 225 
Quad B llO 225 
Quad C llO 225 
Quad D 110 225 

Total 440 900 1340 1342 

Consumed 191 369 560 590 

Remaining at command mod- 249 531 780 752 
ule/service module sepa-
ration 

Command module . - Command module reaction control system propellant 
usage predictions agreed with actual usage quantities within 5 percent . 
The usages listed in the following table were calculated from pressure , 
volume , and temperature relationships . 

Actual usage: , lb Preflight 
Condition planned 

Fuel Oxidizer Total usage , lb 

Loaded 
System A 44 . 8  78 . 4  
System B 44 . 4  78 . 3  

Total 89 . 2  156 . 7  245 . 9  245 . 0  

Consumed 
System A 15 . 0  26 . 8  
System B 0 . 0  0 . 0  

Total 15 . 0  26 . 8  40 . 8  39 . 3 

Remaining at main parachute 
deployment 

System A 30 . 8  51 . 6  
System B 44 . 4  78 . 3  

Total 75 . 2  129 . 9  205 . 1  205 . 7  

..... _ 
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8 . 11 . 3  Cryogenics 

The oxygen and hydrogen usages were within 5 percent of those pre­
dicted. This deviation was caused by the loss of an mcygen tank heater 
element , plus a. reduced reaction control system heater duty cycle . Usages 
listed in the following table are based on the electri cal power produce d 
by the fuel cells . 

Hydrogen 
Condition 

usage , lb OJC;Ygen usage , lb 

Actual Planned Actual Planned 

Available at lift-off 
Tank 1 27 . 3  300 . 5  
T ank  2 26 . 8  314 . 5  

Total 54 . 1  56 . 4  615 . 0  634 . 7  

Consumed 
Tank 1 17 . 5  174 .0  
Tank 2 17 . 4  18o .o 

Total 34 . 9  36 . 6  354 .0 371 .1  

Remaining at command module I 
service module separation 

Tank 1 9 . 8  126 . 5  
Tank 2 9 .4 134 . 5  

Total 19 .2  19 . 8  261 . 0  263 . 6  

8 . 11 . 4  Water 

Predi ctions concerning water consumed in the command and service 
modules are not generated tor each miss ion because the system has an ini­
tial charge of potable water at lift-ott , plus additional water is gene­
rated in the fuel cells in excess of the demand. Als o ,  water is dumped 
overboard and some is consumed. The water quanti ties loaded, consumed , 
produced,  and expelled during the mission are shown in the following 
table . 

··-- �-
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Condition Quantity , lb 

Loaded 
Potab le vater t ank  31 . 7  
Waste water tank 28  

Produced inflight 
Fuel cells 315 
Lithium hydroxide ,  metabolic NA 

Dumped ove.rboard ( including urine ) 325 . 7  

Evaporated up t o  command module/service 8 . 7  
module separation 

Remaining at command module/servi ce 
module separation 

Potable water tank 36 . 8  
Waste water tank 43 . 5  



9 .  0 LUNAR MJDULE PERFORMANCE 

9-1 

This section is a discussion of lunar module systems performance .  
The significant problems are described in this section and are discussed 
in detail in section 16 , Anomaly Summary .  

9 . 1  STRUCTURAL AND MECHANICAL SYSTEMS 

No structural instrumentation was installed on the lunar module ; 
consequently , the structural performance evaluation was basad on lunar 
module guidance and control data , cabin pressure data,  command module 
acceleration data, photographs , and analytical results . 

Based on measured command module accelerations and on simulations 
using measured wind data, the lunar module loads are inferred to have 
been within structural limits during the S-IC , S-II , and S-IVB launch 
phase firings , and the S-IVB translunar injection maneuvers . The loads 
during both dock.ings were also within structural limits . 

Command module accelerometer data show minimal structural excitation 
during the service propulsion maneuvers , indicating. that the lunar module 
loads were well within structural limits . 

The structural loading environment during lunar landing was evalu­
ated from motion picture film, still photographs , postflight landing simu­
lations , and crew comments . The motion picture film from the onboard cam­
era showed no evidence of' structural oscillations during landing , and crew 
comments agree with this assessment . Flight data fran the guidance and 
propulsion systems were used in conducting the simulations of' the landing 
( see section 5 .  4 )  • The simulations and photographs indicate that the 
landing gear strut stroking was very small and that the external loads 
developed during landing were well within design values . 

9 .  2 THERMAL Ct'NTROL 

The lunar DJdule internal temperaliures at the end of' tranalunar 
flight wei-e naainal and vi thin 3° F of' the launch temperatures • During 
the active periods , temperature response was normal and all antenna tem­
peratures were within acceptable limits . 

'!be crew inspected tt.e descent stqe thel"IIIBl. shielding after lunar 
landing and observed no sipif'icant �e . 
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9 . 3  ELECTRICAL POWER 

The electrical power system performed satis factorily . The de bus 
voltage wa.s maintained above 28 . 8  volts throughout the flight . The max­
imum observed load was 81 amperes , during powered des cent initiation .  
Both inverters performed as expected. 

The knob on the as cent engine arm circuit breaker was broken , prob­
ably by the aft edge of the oxygen purge system hitting the breaker dur­
ing preparations for extravehicular activity . In any event , this circuit 
breaker was closed without difficulty when required prior to as cent ( sec­
tion 16 . 2  . 11 ) . 

At staging , the descent batteries had supplied 1055 A-h of a nominal 
total capacity of 1600 A·-h . The di fference in load sharing at staging 
was 2 A-h on batteries l and 2 and 23 A-h on batteries 3 and 4 ,  and both 
of these values are acceptable . 

At lunar module jettison , the two as cent batteries had delivered 
336 A-h of a nominal total capacity of 592 A-h . The as cent batteries 
continued to supply power , for a total of 680 A-h at 28 V de or above . 

9 . 4  COMMUNICATIONS EQUIPMENT 

Overall performance of the S-band steerable antenna was s atis factory . 
Some difficulties were experienced, however , during des cent of the lunar 
module . Prior to the scheduled 180-degree yaw maneuver , the signal 
strength dropped below the tracking level and the antenna broke lock sev­
eral times • After the maneuver was completed , new look angles were set 
in and the antenna acquired the uplink signal and tracked normally until 
landing . '!'he most probable cause of the problem was a combination of 
vehicle blockage and multipath reflections from the lunar surface , as 
discussed in section 16 . 2 . 4 .  

During the entire extravehicular activity , the lunar module reley 
provided good voice and extravehicular mooili ty unit data . Occasional 
breakup of the Lunar Module Pilot 1 s voice occurred in the extravehicular 
communications system reley mode . The most probable cause was that the 
sensitivity of the voice-operated reley of the Commander ' s  audio center 
in the lunar module was inadvertently set at less than maximwn specified. 
This anomaly is discussed in section 16 . 2 . 8 .  

Also during the extravehicular activity , the Network received an 
intermittent echo of the uplink transmissions . This was most likely 
caused by signal coupling between the headset and mi crophone . A detailed 
discussion of this ant� is in section 16 . 2 . 9 .  
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After crew ingress into the lunar module , the voice link was lost 
when the portable life support system antennas were stowed ; however , the 
data from the extravehi cular mobility unit remained good . 

Television transmission was good durlng the e1.tire extravehicular 
activity , both from the descent stage stowage unit and from the tripod 
on the lunar surface . Signal-to-noise ratios of the television link 
were very good . The television was turned off after 5 hours 4 minutes 
of continuous Oieration .  

Lunar module voice ana data communications were normal during the 
lift-off fr:)m the lunar surface . The steerable antenna maintained lock 
and tracked throughout the asc1mt . Uplink signal strength remained 
stable at approximately minus 88 dBm. 

9 . 5  INSTRUMENTATION 

Performance of the operational instrumentation was satisfactory 
with the excepti on of the data storage electronic assembly ( onboard voice 
recorder) . When the tape was played,  no timing signal was evident and 
voice was weak and unreadable , with a 400-hertz hum and wideband noise  
background . For further discussion of this anomaly , see section 16 . 2 . 10 .  

9 .6 GUIDANCE AND CONTROL 

9 . 6 . 1  Power-Up Initialization 

The guidance and control system power-up sequence was nominal except 
that the crew reported an initial difficulty in aligning the abort guid­
ance system .  The abort guidance system is aligned in flight by transfer­
ring inertial meas ,:rement unit gimbal angles from the primary guidance 
system , and from these angles establishing a direction cosine matrix .  
Prior to the first alignment after activation , the primary system cou­
pling data units and the abort system gimbal angle registers must be 
zeroed to insure that the angles accurately reflect the platform atti­
tude . Failure to zero could cause the symptoms reported. Another pos­
sible cause is an incorrect setting of the orbital rate drive electronics 
( ORDEAL) mode switch . If this switch �s set in the orbital rate position , 
even though the orbital rate drive unit is powered down , the pitch atti­
tude displayed on the flight director attitude indicator will be offset 
by an amount corresponding to the orbital rate drive resolver . No data 
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are available for the alignment attempt s and no pertinent information is 
contained in the data before and after the occurrence . Because of the 
success of all subsequent alignment attempts ,  hardware and software mal­
functions are unlikely , and a procedural dis crepancy is the most probable 
cause of the clifficulty . 

9 .6 . 2  Attitude Reference System Alignments 

Pertinent data concer�ing each of the inertial measurement unit 
alignm�nts are contained in table 9 . 6-I . The first alignment was per­
formed before undocking , and the command module platform was used as a 
reference in correcting for the measured 2 . 05-degree misalignment of the 
docking interface . After undocking , the aligr..ment optical telescope was 
used to realign the platform to the s ame reference ,  and a mis alignment 
equivalent to the gyro torquing angles shown in table 9 .  6-I was calculat­
ed. These angles were well within the go/no-go limits established pre­
flight . 

After the des cent orbit insertion maneuver , an alignment check was 
performed by making three telescope sightings on the sun.  A comparison 
was made between the actual pitch angle required for the sun marks and 
the angle calculated by the onboard computer . The results were well 
within the allowable tolerance and again indicated a properly function­
ing platform. 

The inertial measurement unit was aligned five times while on the 
lunar surface . All three alignment options were success fully utilizeds  
including an aJ.ignment using a gravity vector calculated by the onboard 
accelerometers and a prestored azimuth , one utilizing the two vectors 
obtained from two different star sighting& , and one l�ing the calculated 
gravity vector and a single star sighting to determine an azimuth . 

The Lunar Module Pilot reported that the optical sightings associ­
ated with these alignments were based on � technique in whi ch the average 
of five successive sj .. ghtings was calculated by hand and then inserted 
into the computer . An analysis of these successive sightings indicated 
that the random sighting error was very small and that the only signif­
icant trend observed in the successive sightings was lunar rate . 

Th� platform remained inertial during the 17 . 5-hour period between 
the thira and fourth alignments . Because both of these alignments were 
to the same orientation s it is possible to make an estimate of gyro drift 
while on the lunar surface . Drift was calculated from three sources : 
the gyro torquing angles s or misalignment s indicated at the second align­
ment ; the gimbal angle change history in comparison to that predicted 

. "' •-...._ 



9-5 

from lunar rate ; and the comparison of the actual gravity tracking his­
tory of the onboard accelerometers with that predicted from lunar rate . 
The results (table 9 . 6-II ) indicate excellent agreement for the granu­
larity of the data utilized. 

The abort guidance system was aligned to the primary system at least 
nine times during the mdssion ( table 9 .6-III ) .  The alignment accuracy , 
as determined by the Euler angle differences between the primary and 
abort systems for the eight alignments available on telemetry , was within 
specification tolerances . In addition , the abort guidance system was in­
dependently aligned three times on the lunar surface using gravity as 
determined by the abort system accelerometers and an azimuth derived from 
an external source . The resulting Euler angles are shown in table 9 .  6-IV. 
A valid comparison following the first alignment cannot be made because 
the abort guidance system azimuth was not updated. Primary guidance align­
ments following the second alignment were incompatible with the abort . guid­
ance system because the inertial measurement unit was not aligned to the 
local vertical . A comparison of the Euler angles for the third alignment 
indicated an azimuth error of 0 .08 degree . This error resulted from an 
incorrect azimuth value received from the ground and loaded in the abort 
guidance system manually . The resulting 0 .  08-degree error in azimuth 
caused an out-of-plane velocity difference between the primary and abort 
systems at insertion ( see section 5 .6 )  • 

9 . 6 . 3  Translation Maneuvers 

All translation maneuvers were performed under primary guidance 
system control with the abort guidance system operating in a monitor 
mode . Significant parameters ve contained in table 9 . 6-V. The dynamic 
response of the spacecraft wss nominal d·..&ring descent and ascent engine 
maneuvers , although the effect of fUel slosh during powered descent was 
greater than expected based on preflight simulations . Slosh oscillations 
became not�ceable after the 180-degree ysv maneuver and grad� in­
creased to the extent that thruster firings were required for damping 
( fi g .  5-11 ) • The effect remained noticeable and significant until after 
the end of the braking phase when the engine vas throttled dawn to begin 
rate-of-descent control . The slosh respoase has been reproduced poet­
flight by making slight variations in the slosh model damping ratio . 

The ascent maneuver vas nominal with the crew again reporting th• 
wallowing tendency inherent in the control technique uaed. A5 shown in 
table 9 .6-v , the velocity at insertion was 2 tt/sec higher than plumed. 
This has been attributed to a difference in the predicted and actual ta.U­
off characteristics of the engine . 
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The abort guidance system , as stated ,  was used to monitor all pri­
mary guidance system maneuvers . Performance was excellent except tor 
some isolated procedural problems . The azimuth misalignment which was 
inserted into the abort guidance system prior to li tt-otf and which con­
tributed t� the out-of-plane error at insertion is discussed in the pre­
vious sect.ion . During the ascent tiring , the abort guidance system 
velocity -to-be-gained was used to compare with and to monitor the primary 
system velocity to be gained . The crew reported that near the end of the 
insertion maneuver , the primary and abort system displ�s differed by 50 
to 100 tt /sec . A similar canparison of the reported par•eter differences 
has been made post flight and is shown in figure 9 . 6-1 . Aa incUcated , the 
velocity di fference was as large as 39 tt /'13ec and was caused by the time 
synchronization between the two sets ot data not being precise . The cal­
culations are made and displ&iYed independently by the two computers , which 
have outputs that are not synchronized . Therefore , the time at which a 
given velocity is valid could vary as much as 4 seconds between the two 
systems . Both syste• appear to have operated properly . 

Performance ot the abort guidance system while monitoring rendezvous 
maneuvers was also satis factory , although res iduals atter the terminal 
phase initiation maneuver were scmewhat large . The differences were 
caused by a 23-second late initiation of the maneuver and relatively 
large attitude excursions induced because ot the incorrect selecti.,n of 
wide deadband in the primary system. The desired velocity vector in the 
abort guidance system is chosen tor a nominal time of rendezvous . I t  the 
terminal phase initiation maneuver is begun at other than this time and 
the abort system is not retargeted , the maneuver direction and JnagJlitud.e 
will not be correct . 

9 . 6 . 4 Attitude Control 

The digital autopilot was the pr!mar.r source of attitude control 
during the mission and performed u designed. One procedural discrepancy 
occurred during the 18o-degree 7av maneuver atter the start of powered 
:iescent . This maneuver wu performed .-nually using the proportional rate 
output of the rotational hand controller .  Because a lov rate scale wu 
erroneously selected tor cU.aplq , the .-neuver wu begun and partial.l.7 
completed at le11 than the delired rate ot 10 deg/aec . Continuina the 
.-neuver on the lov rate 11c.&l.e would have delqed landins radar acquisi­
tion .  Arter the probl• wu recopized , the hip rate scale vu selected , 
and the MDeuver vu ca.pleted u planned. The abort su14ance 171t• vu 
uud Just prior to the second dockina . Pertonaance vu u expected ; how­
ever , BOlle ditticult7 vu experienced durins the dockinc ( see .. ct1CG 5 .1 ) .  
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9 . 6 . 5  Pri� Guidance ,  Navigation , and Control System Performance 

The inerti al measurement unit was replaced 12 days before launch and 
exhibited excellent performance throughout the mission . Table 9 . 6-VI 
contains the preflight history of the inertial components for the inertial 
measurement unit . The accelerometer bias history is shown in table 9 . 6-VII . 
An accelerometer bias update was performed prior to undocking , with results 
as shown . 

Visibility in orbit and on the lunar surface through the alignment 
optical telescope was as expected. Because of the relative position of 
the earth , the sun , and reflections off the lunar surface , only the left 
and right rear telescope detent positions were us�ble after touchdown . 
Star recognition and visibility through these detents proved to be ade­
quate . The sun angle had changed by the time of lift-off, and only the 
right rear detent was usable . This detent proved sufficient for pre­
lift-off alignments ( see section 5 .6 ) . 

The lunar module guidance computer performed as designed , except for 
a uumber of unexpected alarms . The first of these occurred during the 
power-up sequence when the displ� keyboard circuit breaker was closed 
and a 520 alarm (RADAR RUPT) ,  which ..,as not expected at this time , was 
generated. This alarm has been reproduced on the ground and was caused 
by a random setting of logic gates during the turn-.on sequence . Although 
this alarm has a low probability of occurrence , it is neither abnormal 
·nor indicative of a malfunction . 

The Executive overflow alarms that occurred during descent ( see sec­
tion 5 . 3 )  are now known to be normal for the existing situation and were 
indicative of proper performance of the guidance computer . These alarms 
are discussed in detail in section 16 . 2 . 6 .  

9 . 6 .6 Abort Guidance S,ystem Performance 

Except for procedural errors which degraded performance to some 
extent , all required tunctiona vere satisfactoey . Eight known state 
vector tranafere from the prim&ey 117stea vere perfomed. The resulting 
pos ition and velocit7 differences for three of the tranafere are shovn 
in table 9 . 6-VIII . With the exception ot one which was invalid becaW�e 
ot an incorrect K-tactor used to time-B7DchroDize the system , all state 
vector updates vere accomplished without difficult,- . 

The preflight inertial caaponent test history is shown iD table 9 .  6-IX . 
The 1nfl1ght calibration results were not recorded; however , Just prior 
to the intlight calibration (before loss ot data ) ,  the accelerometer biases 
were calculated from velocit7 data and the mown computer compenaations . 
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':'he shift between the pre-installation calibration data and the flight 
measurements were as follows . (The capability estimate limits are based 
on current 3-sigma capability estimates with expected measurement errors 
included. ) 

Accelerometer bias , JJg 

Accelerometer Pre-installation Free fall 48-d&¥ Capability calibration 
(June 6 ,  1969) ( July 20 , 1969 ) shift estimate 

X l -65 -66 185 

y -17 -41 -24 185 

z -66 -84 -18 185 

When telemetered data were regained after the inflight calibration and 
after powered as cent , excellent accelerometer stability was indicated as 
follows . ( The capability estimate limits are based upon current 3-sigma 
capability estimates wi th  expected measurement errors · included. ) 

Accelerometer bias , )Jg 

Accelerometer Capability Before descent After ascent Shift estimate 

X -34 -62 -28 60 

y -27 -31 - 4 60 

z -41 -62 -21 60 

Inflight calibration data on the gyros were reported and two lunar sur­
face gyro calibrations were performed with the following results . The 
degree of stab ility of the instruments vas well vi thin the expected 
values . 

I 
, 
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Gyro drift , deg/hr 

X y z 
- -

Pre-installation calibration +0 . 27 +0 . 03 +0 . 41 
on .;une 2 ,  1969 

Final earth prelaunch calibration +0 . 10 -0 . 13 +0 . 35 
on June 28 , 1968 

Inflight calibration +0 . 33 -0 . 07 +0 . 38 
on July 20 , 1969 

First lunar surface calibration 
on July 21 , 1969 

+0 . 34 -0 .08 +0 . 47 

Second lunar surface calibration +0 . 41 -0 . 04 +0 . 50 
on July 21 , 1969 

The only hardware discrepancy reported in the abort guidance system 
was the failure of an electroluminescent segment in one digit of the data 
entry and displey assembly . This is dis cussed in detail in section 16 . 2 .  7 .  
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TABLE 9 .  6-I . - LUNAR MODULE PLATFORM ALIGNMENT SUMMARY 

Time , Type Alignment mode Telescope Star wgle 

hr :ain lilligrment b detentC/star difference , 
Opt ion 

a Technique used deg 

100 : 15 P52 3 NA 2/25 ; -/33 0 . 03 

103 : 01 P57 3 1 NA 0 .15 

103 : 47 P57 3 2 6/12 ; 4 / 3  0 . 09 

104 : 16 P57 4 3 6/12 ; -/- 0 .08 

122 : 17 P57 3 3 4/13 ;  -/- 0 . 07 

123 :49 P57 4 3 1/10 ; 4/1 3 0 .11 

124 : 51 P52 3 NA 2/12 ; 2/25 0 . 00 

� - RD'SMMAT ; 4 - Landi118 s ite . 
b

l - � plus s; 2 - Two bodies ; 3 - One body plus 8 ·  cl - Lett troat ; 2 - P'roat; 4 - Right rear ; 6 - Lett rear . 

s 
Star �s : 

25 Acrux 
33 Antares 
12 Rical 

3 I&Yi 13 capella 10 llirfalt 

Gyro torquing angle , deg 

X y z 
-0 .292 +0 . 289 -0 . 094 

+0 . 005 -0 .105 -0 . 225 

-0 .167 +0 . 186 +0 .014 

+0. 228 -0 .025 -0 . 284 

-0 . 699 + 0 . 695 -0 . 628 

+0. 089 +0 . 067 -0 . 041 

-0 .006 +0 . 064 +0 .13'{ 

Gyro drift , mERU 
....--

X y z 
-- -- --

-- -- --

+4 . 5  -5 . 0  +0 .4 

-- -- --

+2 .6 - 2 . 6  -2 . 3  

-4 . 9  -3 . 2  -2 .0 
+0 . 4  -2 . 8  +8.1  ! 

'f 1-' 0 
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TABLE 9 . 6-II . - LUNAR SURFACE GYRO DRIF'I' COMPARISON 

Gyro drift , deg 
Axis Computer out-

put (P57 ) Gimbal. angle change Computed f.rom gravity 

X 0 . 699 0 . 707 0 . 413 

y -0 . 696 -0 . 73 -0 . 76 

z 0 . 628 0 . 623 1 . 00 

TABLE 9 . 6-III . - GUIDANCE SYSTEM ALIGNMENT COMPARISON 

Indicated difference , gimbal. 
Time , minus abort electronics , deg 

hr :min : sec 
X y z 

Lunar Surface 

102 : 52 :01 -0 . 0081 0 . 0066 0 . 0004 

103 : 15 :29 -0 .0161 -o .0271 o .ooo4 

103 : 50 :29 -O . Oo63 -o .0015 0 . 0028 

122 : 36 :00 -0 .0166 -0 .0025 0 .0028 

122 :53 :00 -0 .0152 -0 .0071 -0 .0012 

122 : 54 : 30 -0 . 0071 -0 .0101 -0 . 0012 

Int'lisht 

100 : 56 : 20 -0 .0019 -0 . 0037 0 .0067 

126 :11 : 56 -0 . 0369 0 . 0104 -o . o468 
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TABLE 9 . 6-IV . - LUNAR SURFACE ALIGNMENT COMPARISON 

Angle Abort guidance Primary guidance Di fference 

Yaw , deg 13. 3194 13 . 2275 0 .0919 

Pitch , deg 4 . 4041 4 . 4055 -0 .0014 

Roll , deg 0 . 5001 0 . 4614 0 .0387 



Condit ion 

:'i:ne 
lgni t ion , hr :min : sec 
CUter� . hr:m.in: sec 
I\ira.t ion, sec 

Velocity, tt/sec 
\desi red/ actua.l. ) 

X 

Coordinate system 

Velocity res id1..&l after 
trilllrlt!g, ft / .,ec 

X 
y 

Gimbal drive actuator, in. 
Initial 

Fitch 
Roll 

'>�uimum ex:::ursion 
Pitch 
Roll 

Steady-state 
Pitch 
Roll 

:.!axi:':l.um rl'l.te excursion. deg/sec 
FitcL 
Fooll 
::av 

�:a.xi:n:...m. attitude excursion, deg 
:: � :::r. 
?::.::.: 
Y:iv 

a
?:eported by crev. 

C::c data available. 

Desc@nt orbit 
insert ion 

P(]IICS/DPS 

101 : 36 :11/l 
10L 36 : 44 

30 .0 

-75 .8/ (b )  
0.0/ (b) 

+9.81 (b ) 
Local vert ical 

•o.o 
-0.4 

o.o 
( b )  

(b)  

( t ' 
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TABLE 9.6-V.- LLIIA!i MODULE MAIIEUVER S!HIARY 

Mlneuvn 
Powered descent Aaeeat Coellipti c ae- ConetMt di ffer- Terminal phase 

ini tiation quence ini tia.tion enti&l hdght ini tiatior 

PGIICS/DPS PGIICSIAPS PGIICS/RCS P!21C�/�CS PGNCS/RCS 

125 :19: 35. 102 : 33 : 05 .01 124 :22:00.79 126 : 17 :49.6 127 : 0 3 : 5 1 . 8  
102 :45 : 41 . 40 124 :29:15.67 125 :20:22 126:18:29.2 127:04 :14 . 5  

756 . 39 434 . 88  47.0 17.8 22 . 7  

6775 
total 

971. 27/971. 32 cL5/ ( b )  2.04/2.05 -20.70/-20.62 
0 .22/0.18 LO/ (b ) 18.99/18.65 -13.61/-14.10 

5550.05/5551.57 0/ (b) 6 .6/6.17 -4.!9/-4.93 
Stable platform Uoelll. verticlll Earth-centered Earth-centered 

inertt&l. inertial 

Not applicable 0 . 4  -() . 2  +u. -0.2 
-1.0 +0. 7 -0.1 o.o 
+1.4 -0.1 0.0 -0.1 

lot applicable lot applicable Kot applicable lot applicable 

+0.43 
-0.02 

+0.03 
-0 . 28 

+0 . 59 
-0.28 

+0.8 -16 .2 (b)  - 0 . 8  +1 . 2  
-0.8 +1 .8 -0.6 ±0 . 8  
-0.6 +2.0 t0.2 !0.2 

+1 . 2  +3 . 2  (b )  -1 . 6  -0.4 
-1.6 -2.0 +0.8 -o.li 
-2.4 -2 .0 ±0 . 4  + 0 . 8  

:;;::-:.: : PG::r:s - Primary guidance, navigation, and control systao D PS  - Descent propulsion system; A.PS - Aac:ent propulsion system, 
RCS - Reaction control system. 

Bendezvou; ::.aneuvers atter terminal phaae in itiat ion are reported in 3eet1on 5 and are bued oa. crev reports .  
Ignition an d  cutof! times &re those co111111anded by the computer. 
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TABLE 9 .  6-VI • - INERI'IAL COMPONE!i'£ PREFLIGHT HISTORY - LUNAR MODULE 

Error 
Sample Standard No . of Countdovn Flight 

mean deviation samples value load 

Accelerometers 

X - Scale factor error , ppm -155 ill 4 -237 -270 

Bias , em/sec 
2 

0 . 60 0 . 09 4 0 . 70 0 . 66 

y - Scale factor error , ppm -1156 11 2 -1164 -1150 

Bias , em/sec 
2 

0 . 08 0 . 04 2 0 . 0 5  0 .10 

z - Scale factor error , ppm -549 72 2 -600 -620 

Bias , em/ sec 
2 

0 . 14 0 .12 2 0 .22 0 . 20 I 
Gyros copes 

X - Null bias dr·ift , mERU -1. 5 1 . 4  3 -1 . 3  -1. 6  

Acceleration dri ft , spin reference 
axis , mERU/g 5 . 7  0 . 0  2 5 . 7  6 . 0  

Accelerat ion drift , input axis ,  
mERU/g 12 . 8  3 . 5  2 15 . 2  10 . 0  

y - Null bias dri ft ,  mERU 3 . 0  1 . 6  3 1 . 3  3 . 8  

Acceleration dri ft , spin reference 
axi s ,  mERU/g -4 . 0  1 . 4  2 -3 . 1  -5 . 0  

Acceleration drift , input axis , 
mERU/g -2 . 3  6 . 1  2 2 . 0 3 . 0  

z - Null bias drift , mERU 4 . 1  0 . 6  3 3 . 5  4 . 4  

Accele�ation drift , spin reference 
axis ,  .:1ERU/g -4 . 7  0 . 4  2 -4. 4  - 5 . 0  

Accelerat ion drift , input axi s ,  
mERU/g - 9 . 3  7 . 7  2 -3 . 8  -3. 0  
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TABLE 9 . 6-VII . - ACCELEROMETER BIAS FLIGHT HISTORY 

Bias , em/sec 2 
Condition 

X y z 
Flight load +0 . 66 +0 . 10 +0 . 20 

Updated value +0 . 66 +0 . 04 +0 . 03 

Flight average before update +0 . 63 +0 .04  +0 . 03 

Flight average after update +0 . 67 +0 . 07 -0 . 01 

I I 
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TABLE 9 . 6-VIII . - ABORT GUIDANCE STATE VECTOR UPDATES 

Time , Abort minus primary guidance 

hr :min : sec 
Pos ition , ft Velocity ,  ft/sec 

122 : 31 : 02 -137 . 6  0 . 05 

124 : 09 : 12 -177 . 6  -0 .15 

126 : 10 : 14 -301. 3 -2 . 01 

-

' 
... , �  
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TABLE 9 . 6-IX . - ALORT GUIDANCE SYSTEM PREINSTALLATION CALIBRATION DATA 

Sample iltandard Number Final cali- Flight comJ:ensa-
Accelerometer b ias mean , deviati on ,  of brat ion value . t ion value , 

llg llg samples \lg IJg 

X -53 42 15 1 0 

y -22 9 15 -17 -23 . 7  

z -79 22 15 -66 -71 . 2  

St andard Number Final cali- Flight compensa-
Accelerometer scale factor deviation , of brat ion value • tion value . 

ppm samples ppm ppm 
X �4 9 -430 -463 . 5  

y 28 9 324 299 . 5  

z 12 9 1483 1453. 4  

Sample Standard Number Final call - Flight load 
Gyro scale factor mea.n , deviation , of bration value • value , 

deg/hr deg/hr samples deg/hr deg/hr 

X -1048 -10 15 -1048 -1048 

y -300 -47 15 -285 -285 

z 3456 16 15 3443 3443 

Sample Standa.rd Number Final cali- Flight load 
Gyro fixed drift mean ,  deviation , of bration val·ue . val!6e , 

ppm ppm s amples ppm ppm 

X 0.33 0 . 05 15 0 . 27 0.27 

y 0 . 04 0 . 05 15 0 . 03 0 . 03 

z 0 . 51 0 . 01 15 0.41 0 . 41 

Gyro spin axis mass 
Sample St&dard Number Final cali- Flicht load 

mean .  deviatioa . ot bratioo value . value , unbalance 
deg/hr/g deg/hr/g BllllpleS deg/hr/g clec/hr/g 

X -0. 67 0 . 12  15 -0 . 65 -o . 65 
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9 .7 REACTION CONTRQL 

Performance of the reacti on  control system was s atisfactory . The 
system pressuri zat i on sequence was nominal , and the regulators mai ntained 
acceptable outlet pressures (between 178 and 184 psia) throughout the 
mi ssion .  

Th e  crew reported thrust chamber assemb ly  warning flags for three 
engine pairs . The A2 and A4 flags occurred simult aneously during llmar 
module station-keeping prior to descent orbit insertion . The B4 flag 
appeared shortly thereafter and also twice just before powered des cent 
initiat i on .  The crew believed these flags were accompanied by master 
alarms . The flags were reset by cycling of the caution and warning elec­
tronics circuit breaker . See section 16 . 2 . 14 for further dis cus si on .  

The chamber pressure switch in reaction control engine BlD fai led 
closed approximately 8.  5 minutes after powered des cent initiation .  The 
switch remained closed for 2 minutes 53 seconds , then opened and func­
tioned properly for the remainder of the mission . The fai lure mode is 
believed to be the same as that of pressure switch failures on Apollo 9 
and 10 ; that is , parti culate contamination or propellant residue holding 
the switch closed. The only potential consequence of the failure would 
have been the inability to detect an engine fai led ·"off . " 

A master alarm was noted at 126 : 44 :00 when s even consecutive pulses 
were commanded on engine A2.A without a pressure switch response .  Further 
di s cus ai011 of this discrepancy is contained in section 16 . 2 . 12 .  

Thermal characteri stics were sati sfactory and all temperatures were 
within predi cted values . The maximum quad temperature was 232° F on 
quad 1 aubaequent to touchdown . The fuel tank temperatures ranged frO'Il 
68° to 71° "i' .  

Propellant uaap , bued em the propellant quantit7 •asuring devi ce , 
wu 319 poUD48 , coapared with a predi cted value of 253 pounds and the 
tot al propellant load ot 549 poun48 . .About 57 of the 66 pounds above 
predictions were uaed during powered dea cent . Fisures 9 . 7-1 and 9 .7-2 
include total and individual qatea propellant ccma�ticm profi le• , re­
apectiftly. 

The reacti011 c011trol ayat• ¥118 u.ed in the uceat interCODnect IIOde 
durina powered ucent . The a;ratea u.ed approximate]¥ 69 poun48 of pro­
pellant fro. the u ceat propulaicm tanka . 

... .... 
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9 . 8  DESCENT PROPULSION 

The descent propulsion system operation was satisfactory for the 
d�scent orbit insertion and descent maneuvers . The engine transients 
and throttle response were normal . 

9 . 8 . 1  Inflight Performance 

The descent orbit insertion maneuver lasted 30 seconds ; the result­
ing velocity change was 76 . 4  ft/sec . The engine was started at the mini­
mum throttle setting of 13 .0  percent of fUll thrust and , after ap�roxi­
mately 15 seconds , was throttled to 40 percent thrust for the remainder 
of the firing . 

The duration of the powered descent firing was 756 . 3  seconds , ce;rre­
sponding to a velocity change of approximately 6775 ft/sec . The engine 
was at the minimum throttle setting ( 13 percent ) at the beginning of the 
firing and, after approximately 26 seconds , was advanced to fUll throttle . 
There was about a 45-second data dropout during this period but tram crew 
reports , the throttle-up conditions were apparently normal . Figure 9 . 8-1 
presents descent propulsion system pressures and throttle settings as a 
function of time . The data have been smoothed and do not reflect the 
data dropout , and the throttle fluctuations just before touchdown . 

During the powered descent maneuver , the oxidizer interface pres­
sure appeared to be oscillating as much as 67 psi peak-to-peak . These 
oscillations were evident throughout the firing 1 although of a lower mag­
nitude ( fig . 9 .  8-2 ) 1 but were most prominent at about 50-percent throttle . 
The fact that oscillations of this magnitude were not observed in the 
chamber pressure or the fUel interface pressure measurements indicates 
that they were not real. Engine performance was not affected. Oscilla­
tions of this type have been observed at the White Sands Test Facility 
on numerous engines 1 on similar pressure measurement installations . The 
high magnitude pressure oscillations observed during the White Sands Test 
Facility tests were amplifications of much lower pressure oscillations 
in the system. The phencaenon has been demonstrated in ground tests 
where small actual oscillations were amplified by cavity resonance ot a 
pressure transducer usembly , which contains a tee capped on one end with 
the transducer on another leg ot the tee . This is similar to the inter­
face pressure transducer inatal.lation . The resonance conditions will 
vary vi th the amount of helilD trapped in the tee and the throttle set­
ting . 

... .... 
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9 . 8 .2  System Pressuri zation 

The oxidi zer t ank  ullage pressure deceyed from 158 to 95  psia during 
the period from lift-off to the first activation of the system at about 
83 hours . During the period , the fuel tank ullage pressure decreased 
from 163 to 139 psia. These deceys resulted from helium absorpti on into 
the propellants and vere within the expected range . 

The measured pressure profi le in the supercri tical helium tank was 
normal . The preflight and inflight pressure ri se rates were 8 . 3  and 
6 . 4  psi /hr , respectively . 

During propellant venting after landing ,  the fuel interface pressure 
increased rapidly to  an off-scale reading . The fuel line had frozen dur­
ing venting of the supercriti cal helium, trapping fuel between the pre­
valve and the helium heat exchanger ,  and this fuel ,  when heated from en­
gine soakback , caused the pressure rise . See section 16 . 2 . 2  for further 
discuss ion .  

9 . 8 . 3  Gaging System Performance 

During the des �ent orbit insertion maneuver and the early portion 
of powered descent , the two oxidizer propellant gages were indicating 
off-scale ( greater than the maximum 95-percent indi cation ) , as expected. 
The fue-l probes on the other hand were indicating approximately 94 . 5  per­
cent instead of reading off-scale . The propellant loaded was equivalent 
to approximately 97 . 3  and 96 .4 percent for oxidi zer and :f'u.el ,  respectively . 
An initial lov fuel reading also had occurred on Apollo 10 . As the firing 
continued , the propellant gages began to indicate consumption correctly . 
The tank 1 and tank 2 fuel probe measurements agreed throughout the fir­
ing. The tank 1 and tank 2 oxidizer probe measurements agreed initially , 
but they began to diverge until the difference waa approximately 3 per­
cent midwq thrt.1ugh the firing. For the remainder of the tiring , the 
difference remt.dned constant . The divergence was probably caused by oxi­
dizer flowing from tank 2 to tank 1 through the propellant crossover line 
as a result of an offset in vehicle center of gravity . 

The low level light came on at 102 : 44 : 30 . 4 ,  indi cating approxime.tely 
116 secondl of tot al firing time remaining , baaed on the sensor location . 
The propellant remaining tiJDeline from the low level light indication to 
calculated propellant depletion is as follows . 
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Propellant 
low level 
light on 

116 

Engine 
cutoff 

Firing time remaining , sec 

Landing 
go/no-go 
decisi on 
point 

20 

Calculated 
propellant 
depleti on  

0 

The indicated 45 seconds to propellant depletion compares favorably 
with the postflight calculated value of 50 seccnds to oxidi zer tank 2 
depletion .  The 5-second di fference is  within the measurement accuracy 
of the system. The low level s ignal was triggered by the point sensor 
in either the oxidi zer tank 2 or fu.el tank 2 .  
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9 .9 ASCENT PROPULSION 

The ascent propulsion system was tired for 435 seconds from lunar 
lift-off' to orbital insertion . All aspects of' system perfo�ance were 
nominal . 

The regulator outlet pressure was 184 psia during the firing and 
returned to the nominal lock-up value of' 188 . 5  psia after engine cutoff'. 
Table 9 .  9-I presents a comparison of' the actual 31ld predicted perf'o�­
ance . Based on engine flow rate data , the engine mixture ratio was esti­
mated to be 1. 595 . The estimated usable propellant remaining at engine 
shutdown was 174 pounds oxidizer and 121 pounds f'uel ; these quantities 
are equivalent to 25 seconds additional firing time to oxidizer depletion. 

After ascent propulsion system cutoff' and during lunar orbit , the 
fuel and interface pressures increased from their respective flow pres­
sures to lock-up , and then continued to increase approximately 3 . 6  psi 
for fuel and 11 to 12 psi for oxidizer . Loss of' signal occurred approx­
imately 39 minutes after engine shutiown as the vehicle went behind the 
moon . Pressure rises in the system were observed during both .the Apollo 9 
and 10 missions . This initial pressure rise after shutdown was caused by 
a number of' ccntibuting factors , such as ,  regulator lockup , heating of' 
the ullage gas , and vaporization from the remaining. propellants • 

. At reacquisition of' signal ( approximately 1 hour 29 minutes after 
shutdown ) a drop of' approximately 6 psi and 3 . 6  psi had occurred in the 
oxidizer and f'Uel pressures , respectively . Thereafter , the pressure re­
mained at a constant level for the 4 . 5  hours that data were monitored, 
which rules out leakage . The apparant pressure drops had no effect on 
ascent propulsion system performance.  The pressure drop was probably 
caused by a combination or ul.la�Je gas temperature cooling , pressure trans­
ducer drift resulting trca engine heat soakback , and instr1aentation 
resolution .  Above 200° F ,  the accuracy ot the pressure transducer de­
grades to ±4 percent ( ±10 psia) rather than the normal. ±2 percent . A 
permanent shift JJtq also occur at high temperatures . Thermal analysis 
indicates that the pe111"'t soakback temperatures were 200° to 235° Jl'. Errors 
which Dill¥ be attributed to var:f.I.NB sources include a transducer shirt of' 
4 percent , eq1n valent to ±10 psi ; a pulse code modulation resolution of' 
2 counts 1 equivalent to 2 psi ; and a l pd ullap pressure change which 
is effective only on the oxidizer side . 
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TABLE 9 .  9-I . - STEADY -STATE PERFORMANCE 

Parameter 

�gulator outlet pressure , psia • . . . 

Oxidizer bullt temperature , °F • 

FUel hulk temperature , °F • . . 

. . . . 

. . . . 
Oxidizer interface pressure , psia . . . 

FUel interface pressure , ps ia • • • • • 

Engine chamber pressure , psia • . . . . 

Mixture ratio • • • • • . 
Thrust , lb . . . . . . . 

. . . . . . 

. . . . . . 

Specific impulse ,  sec • • • • • • • . 

. 

. 

. 

10 seconds after ignition 

Predicted
a b Measured 

184 184 . 5  

70 70 . 4  

70 71 . 0  

170 . 6  170 .0 

170 . 4  169 . 3  

122 . 6  122 

1 . 604 - - -

3464 - - -

309 . 4  - - -

400 seconds after i gnition 

Predi cted 
a b 

Measured 
-

184 184 

70 70 . 4  

70 71 . 0  

169 . 6  169 . 5  

169 . 5 168 . 8  

122 . 5  122 

1 . 595 - - -

3439 - - -

308 . 8 ---

�etlight prediction based on acceptance test data and as suming nominal syetem perform� 
ance . 

bActual flight data with known bias es removed .  

\0 I 1\) CP 
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9 .10 ENVIRONMENTAL CONTROL SYSTEM 

The environmental control system in the lunar module satisfactorily 
supported all lunar operations vi th only minor exceptior.s . 

Routine water/glycol s&mpling during prelaunch activities shoved the 
presence of large numbers of �rystals which were identified as benznthia�l 
disulfide . These cryst als were being precipitated from a corrosion inhib­
itor in the fluid. The system was flushed and filtered repeatedly , but 
the crystals continued to be present . The fluid was then replaced vith 
one containing a previously omitted additive ( sodium sulfite ) ,  and crystals 
were still present but to a much lesser degree . A spacecraft pump pack­
age was run on a bench rig with this contaminated fluid , and the pump per­
formance was shown to be unaffected, even for l.ong durat ions . The filter 
in the test package did plug and the bypass valve opened during the test . 
Pump disassembly revealed no deterioration. It was then demonstrated 
that the crystals , while presenting an undesirable contaminat ion , vere 
not harmful to the system operat ion. The flight performance of the heat 
transport section was naninal. The investigation revealed that recently' 
the corrosion inhibitor f.ormulation was slightly modified. For tuture 
spacecraft , water/glycol with the original corrosion inhibitor form,.lla­
tion will be used. 

Depressurization of the lunar module cabin through the bacteria 
·filter for the extravehicular activity required more time than predicted. 
The data indicate that the cf\bin pressure transducer vas readinc high at 
the low end of its range ; consequently , the crev could have opened the 
hatch sooner if the true pressure had been known . 

furing the sleep period on the l\mar surface , the crev reported that 
they vere too cold to sleep . Analysis of the condi tiona experienced in­
dicated that once the crew vere in a cold condition , there vas not enol.J«h 
heat available in the environmental control system to return th• to a 
comforta:hle condition . Ground tests have indicated that in addition to 
the required p-rocedural changes which are designed to aaintain heat in 
the suit circuit , blankets will be provided and the crew vill lleep in 
hammocks . 

Shortly at'ter lunar module ascent ,  the crew repmed that the carb011 
dioxide indicator va�� erratic , so thq svi tched to the secondarJ car­
tridge � Also ,  the second.azy water separator hlld been selected since one 
crewman reported vater in his suit . 

Evaluatioa of the erratic carbor:. dioxide indicatiODa detel'llined that 
the carbon dioxide sensor had maltuDctione4, and t�e circuit �reaer vas 
pulled. Erratic operation in the put hu been C&U8e4 by tree vater in 

' J 
1 
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the optical sect ion Clt the sensor . 1\\.rther dl s cusaion ot both the errat ­
i c  carbon dioxid� readifl8S and  water in the creV1!lan 's suit ia  contained 
in sect ion 16 . 2 . 3 and 16 . 2 . 1 3 ,  respectively . 

9 . ll  RADAR 

Pertonaance ot the rendezvous and landina radars vu satistacto:ey • 
and antenna temperatures were alvqs vi thin nonaal. lillli ta . Ranp and 
velocity were acquired b:y the landinc radar at slant ranses ot approxi­
mately 44 000 and 28 000 teet ,  respect he]¥ .  Tbe tracker vu lost brief­
ly at alt itudes ot 240 and 75 tee t ;  these losses vere expected and are 
attributed to zero-Doppler ettects Ulociated with 11811Ual 1181leUYer1q . 

9 .12 cr�� S�ION 

9 .12 .l  i>iaplqs and Controls 

The displqs and con troll sat istfi.Ctoril� supported the mission , 
except that the adseioo timer stopped durinc the descent . Atter beina 
deenerghed tor 11 hours . the tilller vu started acain and operated prop­
erly t�roqbout the remaincler ot the aissiott. .  The IIOBt probable Ciide 
ot this failure vu a cracked solder Joint. Tbia anoul.7 h discuased 
�n greater detail in section 16 . 2 .1 .  

9 . 12 . 2  Crew Pro'ri.l ions 

Tbe Ccwn•nder end Lunar lbdule Pilot vue proYict.l4 with c�ica­
tiona carrier a4apter eartubes , bariq aol.4tt4 earpiece• , tor uae in the 
lunar IIOClule cabin. Tbe purpoae ot tbeae e&.rpboDe adapters 1a to increue 
tbe audio level to tbe ear. Tbe LuDar Mod�t Pilot uaed a4apten tbJ'oup­
out the lunar IIOdule ct.aoent •4 1u41aa pbaa,e , but after lu41nc , be 
tound tbe aolcle4 earpiece• UDCOIItortable and n.Dfte\ tb•· Tbe 0 IDder 
di d  not uae a4apten since hia prefiilbt experience 1n41cate4 au41o Yol.­
le-v•ll vere adequate ; tbe uae ot tbe 14apten 1a  bu•t4 on crew preference . 
Tbe Apollo 10 LuDar tbclule Pilot bacl ue4 tbe MapteJ'8 4urinc bia entire 
lunar .,dule operation�tl period and reported ..., diaoa.atort. . Tbe Apollo 12 
crew will &lao be proYidll4 adapterl tor opt10G&l uae . 

Tbe crew co.ente4 tbat tbe infiicbt oowrall .....-nta would be liON 
utilitarian it tbq were pattei'Ded after tbe •tudar4 GM-pleoe •�r 
tl71DI suit . Ibn pockets vi tb a better Mtb.'ld ot closure , preterab)l' 
aippen , were nco.ende4 u4 will be pi'OYide4 tor eYal.uatioe - Mure 
cnva . 

..... . ....... 
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'l'be crev reported repeated toaia« ot the lunar module Vindovs vhile 
tbe SWlSbades vere ins talled . 'l'be,y bad transferred tvo or tbe COJ'IIIWld 
module tissue dispensers to the l\•nar module 111d made use or them in 
cleaning � e  vindova rather th111 usiac the vindov beaters tor de togi ac .  
Tissue dispensers are beiac added to the lunar 110dule stovqe list . 

9 .13 CORStMABLES 

On the Apollo U mission , tbe actual uaaae or onlJ three conaUMble 
quanti ties tor the lunar module deviated b7 u 111cb u 10 pucent troa 
tbe pretlipt predicted •o"UDta . 'l'beee conaUMblea vere tbe dea cent 
•tace �1en , ucent atace ox;r1e n ,  and reactioo c:mtrol •J•te• propell111t .  
'l'be actual �sen requiruenta vere leas than predicted becauae tho l eak­
ace rate vu lover tbiiD expected. 'l'be actual re action control propellant 
requi re•nt vu sreater than predicted becau.ae or the increued bOYer tiM 
durin1 tbe descent pbue . 

'l'be electrical power 171ta conaumablea uaaae vu vitbin 5 percent 
ot predicted tlipt require•nta . 'l'be current uaace traa tbe descent 
atap batteries vu approxiaatelJ 8 percent leas th111 predicted , and the 
u cftnt atase current usap vu approxiaateq 3 percent more th111 predi cted . 
The deviations appear to have resulted traa uncerta1ntha in the predi c­
t ions ot react ion control beater clut7 c;yclea . llectrical. pover coiuam�P­
tioo 1a diacuaaed t\atber in aect iCID 9 . 3 .  

9 . 13 . 1  Deacent Propuls ion S71tea Propellant 

The bieber-than-predicted propelliiDt ua ... 'b1 the dllacent propulaiCD 
•J•tea vu cauaecl b7 the UDeweriac to aold a larp c:rater duriac the 
tinal !IJtqea ot dllac:ent . �til that t1• , propellct , • .,. h� been na.­
inal. .  Allow•c• tor JIIIDual hove r  ua4 1AA41ac point rec .. a ipatiOD vu 1n 
the �refiicbt bu4pt but vu not cona1dere4 part ot t.hft ncainal. .... . 

The qUADtitin ot dllaceat propula1GD 118'- propellant loa41111 in 
the tolloviDC tabllt wre oal0\&late4 trc:a reacli.JIII u4 Muund deu1 tiea 
prior to lltt-ott. 
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Actual us age , lb 
Condition 

FUel Oxidi zer Total 

Loaded 6975 11 209 18 184 

Cons \.lied 
Nominal 
Redesignatic:.n I 
Margin tor manual hover 

Total 6724 10 690 17 .:.14 

Remaining at engine cutorr 
Tanka 216 458 
Man !told 35 61 

Total 251 519 770 

9 . 13 . 2  \acent Propulsion S,atea Propellant 

Pretligbt 
planned 

usqe ,  lb 

18 184 

17 010 
103 
114 

17 2&.j 

957 

The actual ucent propula ion ayatea propellant uaase vu vithin 
5 percent ot the pretlisbt predictions . Tbe lo..Unp j n  the tollovinc 
tab le vere deterained troa •uure4 4enait 1• prior to li tt-ott and troll 
veighta ot ott-loaded propelluta . A portion ot tbe propellants vu uae4 
by the reaction control a;yatea 4urinc ucent atqe operations . 

Actual us ... , 1b Pretlipt 
Condition plUM4 

Fuel Od41ser Total Ul ... , 1b 

Loa4e4 2020 1218 5238 5238 

Cona-.4 ac u cent propulaioo .,,_ 1833 2931t 
.. prior to Mcent 1tap 

Jett ilon 
11 react ion CODtrol •t•tea 23 lt6 

Total 1856 2980 lt836 lt966 

Reaa1n1nc at M cent atap 161t 238 lto2 272 
Jettiaon 

l 



9 .1 3 . 3 React tor Control S,stem Propellant 

The increased hover time tor lunar landiDg resulted in a devi at ion 
of over 10 percent in the re acti on control system propellant usage , as 
compared vith the pre flight predictions . Propellant consumpti on vas cal­
culated tram telemetered hel i um  tank preaaure histories us ing the rela­
tionships between pres sure , 't"ol\ae , and temperature . The mi.xt ure .,. .z.Ci o 
vas assumed to be 1 . 94 tor the �alculations . 

Actual ua ace ,  lb Pretlisbt 
Condition planned 

fUel Oxidi zer Total ua ace ,  lb 

Loaded 
Syatea A 108 209 
Systea B 108 209 

Total 2.1.6 IL19 63l. 633 

Coll'J I.IIIed 
S;yatea A 46 90 
Syatea B 62 121 

Total 108 211 319 253 

Rema.inina at 1UD&r aoclule 
Jettiaon 

Syatea A 62 119 
Syatea B lt6 88 
Total 108 207 315 38o 

The .ctual aq .. D ua .. e v• lover tba tbe pretlilht predictioDa 
beca\Uie OIJPD leak rate troa tbe cabiD v• le11 tba the apec1ticatioa 
Y&lue . Tbe Ktual rate VM 0 . 0 5  lb/hr , • uc.pand vith tbe apeci ti cat i oo  
rate o t  0 .2 lb/br . IA the tolloviDC tlll»le , t.be Kt.ual qu.tit1• lo&Md 
•d coDa-. .1 are bued oa tel .. tere4 data. 
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Condition 

Loaded ( at ll rt -off ) 
Descent stqe 
Ascent step 

Tank 1 
Tank 2 

Tl')tal 

Consumed 
Descent atap 
Al�nt at• 

Tank 1 
Tank 2 

Tot al 

P.elll&inins in descent atace at 
lunar ll tt-ott 

ReJMtnins at ucent atap Jettiloa 
r11.k 1 
Tank 2 

Tot al 

Actual Pre flight 
us qe , planned 

lb us ase , lb 

48. 2  48 . 2  

2 . 5  2 . 4  
2 . 5  2 . 4  

5 .0 4 . 8  

17 .2  21 . 7  

1 . 0  1 . 5  
0 .1 o . o 

l . l  1 . 5  

31 .0  26 . 5  

2 . 4  
0 . 9  J l I 3 , 3  

�--------------------------------�-------�· --------

9 . 13 .5  Vater 

The actual vater ua ... vu vitbin lO per�. .. nt ot the pretlllbt pre­
dictiana . In the tollowiq table , tbe actual quatitha 1�4 ud con­
•�d an baaed an te1...tend data. 
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Actual Pre fl i ght 
Condi tion us age , planned 

1b us age ,  lb 

Loaded ( at li tt-off ) 

De s cent s t age  217 . 5  217 . 5  
As cent stap 

Tank 1 42 .4  42 . 4  
Tank 2 42 . 4  42 . 4  

Tot al 84 . 8  84 . 8  

Cont\llled 
Deacent atap 147 .0 158.6 
A.acent atap 

Tmk l 19 . 2  17 . 3  
Tmk 2 18 .1  17 . 3 

Tot al 37 . 3  34 .6 

Reainins in deacent atac' at 70 . 5  5 8 . 9  
lunar ll tt -off' 

4 
Remainina at aa�ent atace Jettison • 

Tmk 1 23 . 2  25 .1 
Tank 2 24 . 3 25 . 1  

Total '60 . 5  50 .2  

' 

I 
I 
. \ 
I 
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9 .1 3 . 6  Heli\DI 

The consumed q_uanti ties ot hell \II tor the main propuls ion syste11111 
were in close acne•nt vi th the prec:ticted •ounts . Helium vu stored 
Ulbiently in the u cent atace and aupercritical]¥ in the descent step . 
Heli\DI loac:tinc vu noainal , and the uaace quanti ties in the following 
table were c&l.culated trom tele•tered data. An adc:titional 1 pound vaa 
stored Ulbiently in the des cent ataae tor valve actuation and is not re­
flected in the values reported. 

' 

Descent propulaicm Aa cent propu.laicm 

Conc:ti ti on Actual Prenipt Actual Prenipt 
value , planned value , plumed 

lb value , lb lb value , lb 

Loadad 48. 1  48 .0 13 . 2  13 . 0  
• 

Consu.d 39 . 5  38. 4  8 . 8  9 . 4  

Remain ina •8 . 6  9 . 6  ;. b
4 . 4  3 . 6  

� 

•At 11.11ar lanc:tina. 

bAt ucent at ... Jettiacm . 
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10 .0 EXTRAVEHICULAR K>BILITY t.IUT PERFURMANCE 

Extravehicular mobili ty unit performance vas excellent throughout 
both intravebi cular and extravehicular lunar surface operati ons . Crev 
mobility vas very good duri ng  extravehicular act ivity , and an analys i s  
or inflight cooling system data shows good correlation vi th ground data. 
The crev remained caatortable throughout the mos t strenuous surface 
operat ions . Becaus e or the lover-than-expected metabolic rates , OlC.'"Jen 
and vater consumption vas alwqs below predi cted levels . 

The pressure aarment assembli es , includina helmet and i ntravebicular 
aloves , vere worn durina launch . The pressure aarment as semblies or the 
C�der and Lunar Module Pilot incorporated nev ana bearings , which 
contributed to the relat ively unrestricted mobility demonstrated durina 
lunar surface operat ions • 

The Ccem•nd Module Pilot bad a problem vi tb thflt tit or the lover 
abdaaen and crot ch or his pressure aarment auembl,y , caused by the urine 
collect ion and trans fer a uembl,y tlanp . Preuure points resulted trom 
inautticist size in the pressure a&n�ent aasembl,y . On future tlipt s , 
tit checks will be performed vi tb the creaan wearing the urine collec­
tion and trans fer us•bl,y , fecal contain.ent s,tstea , and liquid coolina 
aarment , u applicable . In additiClll , the tit check vill include a poei ­
t ion s illulatina that wM.cb the crewman experiences durina the countdovn . 

All three preuure aarment uaabliea and the liquid cooling garments 
tor the C�der md Lunar Modul e Pilot were donned at approxilaately 
97 hours in preparation tor the lunar landina and surface operatial8 • 

Donning vu acca.plisbed normally with help from another crewmen , u 
required. The suit inteari ty chec:lt prior to undockina vu c011pleted 
success � vith suit preasurea dec-rina approximately 0 . 1  psi .  

Wriltleta and caatort slovea were taken aboard tor optional ue b7 
the C�der .ad Lunar Mc,dule Pilot duriac the lwaar 1tq . Becauae ot 
the quick a4aptati01l to l/6-a , the liaht loadl hmdled 011 tbil ai aaioa , 
.ad the short duratiOD ot the lwaar surface acti T1 tJ • both crevaen elected 
to cait the uae ot the protecthe vriltletl ud cc:.tort alOTca . Without 
the protection or the vriltleta , the Lunar Mo4ule Pilot ' 1 vrilta were 
rubbed bJ the vria t  rinp , uad the p-up capab1litJ or the C�der vu 
reduced o1011eVhat vi thcnat the ca.fort &love• • 

After attacbaent ot the lunar 80Ctule reatr&int , a preasure point 
deYeloped 011 the ia.tep or the t.wlar Module Pilot ' 1 riabt toot becau.e 
the reatrldnt tendlld to pull hia torvard md outboard rather thu atraicht 
cSovn .  Bovnwr , tw c:c.penaa1.ed b7 aoYiac hil riabt root torvard and out­
board • t.nial f'lOt then took the MJori t7 ot the load . 'l'he .S.tel'llinatiOD 

l 

..... _ 
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of w hether corre ct iv� act ion i s  requi re d will he made afte r  as ses sme nt of 
Apollo 12 . 

Ext raveh i cular act ivi ty preparat i ons proceede d  smoothly . Howeve r , 
more t ime was required than pl anned for completing the unstowage of equip­
ment &nd per formi ng oth er mi nor t asks not normally emphas ized in train�ng 

exerci ses . 

The oxygen purge sys tem checkout was performe d succe s s fully . 'l'he 
crew enco�tered two problems during pre-egre ss act i vi t i es : ( 1 )  di ffi­
culty in mat ing the remote cont rol unit connector ��d ( 2 )  bumping items 
i n  the cab i n  because of the b ulk  of the port ab le li fe support system and 
oxygen purge system ; as a result , one circuit bre aker was broken and the 
pos itions of tv� !ircui t  b reakers were changed . 

About 10 mi nutes was required to make each remote control unit con­
nector . Each t ime the crewmar. thought the connector was al igned , the 
lock le•rer rot at ion caus ed the �onnector to cock off to one s ide . The 
prob lem i s  dis cus sed further i n  sect ion 16 . 3. 2 .  

While wai ti ng for the cab i n  to depres suri ze ,  the crew were comfort­
ab le even though the inle t temp erature of the liquid-cool i ng  garment 
reached about 90° F pri or to sub limator s tartup . No th ermal changes were 
not ed at egress . The portable l i fe support system and oxygen purge system 
were •.mrn quite comfortab ly' ,  and the back-supported mas s vas not objec­
ti onable in 1 /�-g . 

A.nalysh of the ext raveh icular act ivity dat a shows a good (•orrela-
t i on vi th data from previ ous training conducted i n  the Space Environznent al. 
Simulat i on Labo:atory faci li ty . As expected ,  the feedwater pressure dur­
i ng the mi s s ion was sl ightly higher than that i ndi cated dw-ing s imulations . 
The di fference results frOG the lunar grav i tat i on al  effect on t he head ot 
water at the sub llmat or and transducer , the high poi nt in the sy�:� tem. The 
only other di scernible di fferences were in temperat ure readouts which gen­
erally i ndicated better performance (more cool i ng ) than expected. Comfort 
in th• liqui d cool i ns  garment waa alwa,ys adequate , &l.thoush t he dat a  i ndi ­
cate a III.&Ch higher temperature for t h e  Coman der than tor the Lunar Module 
Pi lot . This obse:rvation correlates wi th previous simulat i on  experi ence , 
whi ch shove that the C01111ander had a s trong pre ference for a warmer b� 
tempe rat ure than that dea i red by the Lunar Module. Pilot . Tbi l parameter 
is controlled by each crewman to meet hi s comfort requi reMnte . Operat ion 
or the extravehicular mob i ll t;y unit wh ile in the e xtravehi cular mode was 
unevent ful . There vu never a requirement to change any or the control 
eett inge tor the portable li te eu,port aye tem other than the diverter 
valves , vhich both crevaen changed at their option for comfort . 
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Becaus e of the lower-than -expect ed me t ab ol i c  rat e s  for the Lunar 
Module Pilot , and e s peci ally for the Commande r , the act ual oxyge n and 
fee dwat er quant i t ies consumed were lower than pre di ct e d .  Cons umab le s  
dat a  are s hown i n  the following t ab le . 

Commande r Lunar Module Pi lot 
Condi tion 

Actual Pre di ct e d  Actual Predi cted 

Metabol i c  rat e , Btu/hr . . . Boo 1360 1100 1265 

Time , mi n . . . . . . . . . 191 160 186 160 

Oxygen , lb 
Loaded . . . . . . . . . . 1 . 26  1 . 26 1 . 26 1 . 26 
Cousumeda • . . . . . . . . 0 . 54 0 .68 0 .60 0 .63 
Remai n  in� . . . . . . . 0 . 72 0 . 58 0 .66 0 .63 

Fee dwat er , lb 
Loade d '

b
. . . . . . . . . 8 . 6  8 . 5 8 . 6  8 . 5 

Consumed • . . . . . . . . 2 . 9  5 . 4 4 . 4  5 . 1 
Remai ni ng . . . . . . . . 5 . 7 3 . 1  4 . 2  3 . 4  

Power , W-h 
c 

Init i al charge . . . . . 270 270 270 270 
Consumed . . . . . . . . . 133 130 135 130 
Remaining . . . . . . . . 137 140 135 140 -

a
Approximately O . o6 pound required for sui t  i ntegr i ty check . 

b 
Approximately 0 .6 pound required for start-up and t rapped water. 

c
Ml nimum pre launch ch arge . 

Crewman mob ili ty and balance i n  the ext ;4avehi cular mob i li ty unit 
were suffi ci ent to allow stable movement wh ile performing lunar surface 
tasks . The Lunar Module Pilot demons trated the cap&bili ty to valk , to 
run ,  to change direct ion while running ,  and to s top movement vi thout d1 f­
fi culty . He reported a te ndency to t ip backwards i n  the soft s and and 
noted that he had to be careful to compensate f or the di fferent location 
of the center of maa s .  The crevme n vere obserYI!d to k neel dovn and con­
tact the lunar s ur face while retri evi ng obJect s . The crev s tated that 
gett ing dovn on one or both knel'ts to retri eve s amples 8l� d to allow cloeer 
inspect ion of the lunar surface s hould be 'l normal operat i ng  mode . Addi ­
t i onal wai s t  mob i l i ty would improve the Pbili ty to get clos er to th� 
lunar sur face an d ,  in addi tion , would i ncrease dovnvard vi s ihili ty . 
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Each crewman rai sed his extravehi cular vi sor as s emb ly to vari ous 
pos i tions throughout the ext ravehicular activi ty and not e d  a back reflec­
t ion of his face from the vi s or .  The re fle ct ion was gre atest with the 
sun shining approximat ely 90 degrees from th e front of the vi sor as semb ly . 

With thi s reflect ion , i t  was di ffi cult to s ee i nto shaded are as . In addi ­
t i on ,  the conti nuous movement from sunlight i nto shadow and b ack to sun­
light requi red extra t ime becaus e of the necessary wai t  for adaptat i on to 

changes in light i ntensity . Us e of the bli nders on the visor as s emb ly 
could have allevi ated the re flect ion and adaptation problem to s ome extent . 
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11 . 0  THE LUNAR SURFACE 

Pre fli ght pl anni ng for the Apollo 11 mi s s i on inc luded a lun ar s ur­
face stay of approximat e ly 22 hours , includi ng 2 hours 40 minutes that 
was all otted to ext ravehi cular &ct i vi ties . 

After landing , the crew performed a lunar module checkout to eiS cer­
tain launch capab i lity and photographed the landing area from the lunar 
module . Then , following an extensi ve  checkout of the extravehi cular mo­
b i li ty unit , the crewmen left the lunar module to accocplish the follow­
i ng acti vities : 

a .  ll'ls pe ction o f  the lunar module exteri or 

b .  Colle ction of a cont ingency s ample , a bulk s ample , and docu­
mented s amples of lunar surface materi als 

c .  Evaluation of the physi cF.l characteristics o f  the lunar surface 
and its e ffe cts on ext ravehicular act ivi ty 

d .  Dep.ioyment o f  the s olar wi ne. compos ition expP.riment and , at the 
end of the ext raveh i cular act ivities , retri eval of the experiment for 
return to earth 

e .  Deployment uf the early Apcllo scienti N. c  experiments paC:uage , 
cons isting of th e passi ve seismic experiment and the laser ranging ret ro­
re flector. 

Throughout the ext ravehi cular activiti es , the crewmen made detai led 
observati ons and photographs to document tile act i vities and lunar surface 
characteristi cs . A television C&lllf! ra provi ded real- time coverage of crew 
extravehicular act i d ties . 

Except for a portion of the �lanned documented sample collection 
not completed ,  the lunar surface t1cti vi ties vere totally succes,. � 1  and 
all objectives vere accaaplished. Aa had been anticipated prior to  flight , 
time di d not permit exact pertonr.ance of the documented sample collection .  
Tvo core samples and several lo011e rock samples vere collected and re­
turned. Ins ufficient time remained to fi ll the envi ronmental and gu 
anal,ysia sample containers 1 which vere a part of the doCUIDented umpling. 

Although the crewmen vere operat ing in a nev environment 1 they vere 
able to complete the activities at a rate very cloe e  to that predi ct ed 
before flight ( see t ab le 11-I ) .  
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Vdnor equipment malfunctions and operational dis crepancies occurred 
during the extravehicular activity , but none preYented accomplishment of 
the reopective tasks . Conversely , several operations were enhanced and 
equipment performance i:·:.creased because of unexpected influences of the 
lunar environment . 

The planned timeline of maj or surface activities compared with the 
actual ti�e required is shown in table 11-I . The table lists the events 
sequentially , as presented in the Lunar Surface Operations Plan , and also 
includes several major unplanned activities . Crew rest periods , system 
checks , spontaneous observations , and unscheduled evalua�ions not neces­
sarily related to the task being accomplished are not listed as separate 
activities but are included in the times shown . 

During deployment of the television camera , several activities wera 
accomplished , including some that were unplanned .  The timeline provide . .  
a minimum amount of time for the Commander to remove the thermal blanket 
on the equipment compartment , change the camera lens , remove the tripod 
and camera from the compartment , and move the tripod-mounted camex-a to 
a remote location .  This time also included a few minutes for viewing 
selected lunar features , positioning the camera to cover the subsequent 
sur!ace activities , and returning to the compartment . 

Throughout the extravehicular activity , both crewmen made observa­
tions and evaluations of the lunar environment , including lighting and 
surface features as well as other characteristics of scientific or opera­
tional interest .  During the extravehicular activity , the sun angle ranged 
from 14-1/2 to 16 degrees . Most of the observations and evaluations will 
provide valuable information for future equipment design , crew training , 
and flight planning . 

The evaluation of lunar surface experiments is contained in the fol­
lowing paragraphs . Photographic results , including those related to 
specific experiments , are discussed both in the appropriate sections and 
in a general des cription of lunar surface photography ( section 11 . 6 ) .  

NOTE : Definitions of some scientific terms used in this section 
are contained in appendix E .  
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11 . 1  LUNAF GEOLOGY EXPERIMENT 

11 . 1 . 1  Sununary 

The Apollo 11 spacecraft landed in the southwestern part of Mare 
Tranquillitat is at 0 degree 41 minutes 15 s econds north latitude and 
23 degrees 26 minutes east longitude ( fig.  11-1 ) , approximately 20 kilo­
meters southwe�t of the crater Sabine D. This part of Mare Tranqui11i tatis 
is  crossed by relat ively faint , but distinct , north-northwest trending 
rays (bright , whitish lines ) as sociated with the crater Theophilus , which 
lies 320 kilometers to the southeast ( ref.  4 ) .  The landing s ite is ap­
proximately 25 kilometers southeast of Surveyor V and 68 kilometers south­
west of the impact crater formed by Ranger VIII . A fairly prominent 
north-northeast trending ray lies 15 kilometers west of the landing s ite . 
This ray may be related to Alfraganus , 160 kilometers to the southwest ,  
or to Tycho , about 1500 kilometers to the southwest .  The landing site 
lies between maj or rays but may contain rare fragments derived from The­
ophilus , Alfraganus , Tycho ,  or other distant craters . 

About 400 meters east of the landing point is a sharp-rimmed ray 
crater , approximately 180 meters in diameter and 30 meters deep , which 
was unofficially named West crater . West crater is surrounded by a 
blocky ej ecta (material ej ected from crater) apron that extends almost 
symmetrically outward about 250 meters from the rim crest .  Blocks as 

· much as 5 meters across exist from on the rim to as far as approximately 
150 meters , as well as in the interior of the crater . Rays of blocky 
ejecta,  with ma."'l.y fragments 1/2 to 2 meters across , extend beyond the 
ejecta apron west of the landing point . The lunar module landed between 
these rays in a path that is relatively free of extremely coarse blocks . 

At the landing site , the lunar surface consists of fragmental debris 
ranging in size from particles too fine to be resolved by the naked eye 
to blocks 0 . 8-meter in diameter . This debris forms a layer that is  called 
the lunar regolith . At the surface , the regolith ( debris  layer) is porous 
and weakly coherent . It grades downward into a similar , but more densely 
packed ,  substrate . The bulk of the d�bris layer consists of fine par­
ticles , but many small rock fragments were encountered in the s ubsurface 
as well s.s on the surface . 

In the vicinity of the lunar module , the mare surface has numerous 
small craters ranging in diameter from a few centimeters to several tens 
of meters . Just southwest of the lunar module is a double crater 12 me­
ters long , 6 meters wide , and 1 meter deep, with a subdued raised rim. 
About 50 meters east of the lunar module is a steep-walled, but shallow , 
crater 33 meters in diameter and 4 meters deep , which was visited by the 
Caamander near the end of the extravehicular period. 

. .......... 
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All of the craters in the immediate vicinity of the lunar module 
have rims , walls , and flL;ors of relatively fine grained materi al , with 
scattered coarser fragments that occur in about the same abundance as on 
the intercrater areas . Thes e craters are up to a meter deep and suggest 
having been excavated entirely in the regolith be cause of the lack of 
blocky ej ecta. 

At the 33-meter-diameter crater east of the lunar module , the walls 
and rim have the same texture as the regolith elsewhere ; however , a pi le 
of blocks was observed on the floor of the crater.  The crater floor m� 
lie close to the base of the regolith . Several craters of about the s ame  
size , with steep walls an d  shallow flat floors , or floors with central 
humps , occur in the area around the landing site . From the depths of 
these craters , the thi ckness of the regolith is estimated to range from 
3 to 6 meters . 

Coarse fragments are scattered in the vi cinity of the lunar module 
in about the s ame  abundance as at the Surveyor I landing site in the 
Ocean of Storms at 2 degrees 2 4 . 6  minutes s0uth latitude and 43  degrees 
18 minutes west longitude . They are distinctly more abundant than at the 
other Surveyor landing sites on the maria ,  including the landing site of 
Surveyor V northwest of the lunar module . The Surveyor I landing site 
was near a fresh blocky rim crater , but beyond the apron of coarse blocky 
ej ecta,  as was the Apollo 11 site . It m� be inferred that many rock 
fragments in the immediate vicinity of the spacecraft , at both the Sur­
veyor I and Apollo 11 landing sites , were derived from the nearby blocky 
rim crater.  Fragments derive d from West crater ma;y have come from depths 
as great a� 30 meters beneath the mare surface , and ma;y be direct s amples 
of the bedrock from which the local regolith was derived.  

Rock fragments at the Apollo 11  landing site have a wide variety of 
shapes and most are embedded to varying degrees in the fine matrix of 
the regolith . A majority of the rocks are rounded or parti ally rounded 
on their upper surfaces ,  but angular fragments of irregular shape are also 
abundant . A few rocks are rectangular slabs with a faint platy (parallel 
fractures ) struct ure .  Many of the rounded rocks , when collecte�. , were 
found t o  be flat or of irregular angular shape on the bottom .  The exposed 
part of one tmusual rock , whi ch was not collected,  was des cribed l..,y the 
(:ommander as resembling an automobile distributor cap .  When this rock was 
dislodged,  the sculptured "cap" was fotmd to be the top of a much bigger 
rock , the buried part of which was lsrger in lateral dimensi ons and angu­
lar in form. 

The evidence suggests that processes of erosion are taking place on 
the lunar surface whi ch lead to the gradual rotmding of the exposed sur­
faces of rocks . fleveral processes m� be involved .  On some rotmded 
rock surfaces , the individual clasts ( fragmented material )  and grains 
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that compose the rocks and the glassy linings of pits on the surfaces have 
been left in raised relief by general wearing 8!tl&:f or ablatim of the sur­
face . This differential eros ion is most prominent in microbreccia ( rocks 
consisting of small sharp fragments embedded in a fine-grained matrix) .  
The ablation � be caused primarily by small particles banbarding the 
surface . 

Some crystalline rocks of medium grain size have rounded surfaces 
that have been produced by the peel.!.ng of closely spaced exfoliation 
( thin , concentric flakes ) shells . The observed "distributor cap" form 
may have developed by exfoliation or by spalling of the free surfaces of 
the rock as a result of one or more energetic impacts on the top surface . 

Minute :r;i ts fran a fraction of a millimeter to about 2 millimeters 
in diameter and from a fracti on  of a millimeter to one milliDeter deep , 
occur on the rounded surfaces of most rocks . As described in a subsequent 
paragraph , many of these pits are lined with glass . They are present on 
a specimen of microbrecci a  which has been tentatively identified in pho­
tographs teken on the lunar surface and for which a preliminary orienta­
tion of the rock at the time :;., t was collected has been obtained (see 
fig .  11-2 ) . The pits are found primarily on the upper side . They clear­
ly have been produced by ·a process acting on the exposed surface . They 
do not resemble impact craters produced in the laboratory ( at collision 
velocities of 7 km/sec and below) , and their origin. remains to be ex­
plained. 

11 . 1 . 2  Regional Geologic Setting 

Mare Tranquillitatis is a mare ( re fs . 5 and 6 )  of irregular form. 
Two characteristi cs suggest that the mare material is relatively thin : 
an unusual ridge ring , named Lamoot , located in the southwest part of the 
mare ,  JD8iY be localized over the shallowly buried rim of a pre-mare crater ; 
and no large positive gravity an� , like those over the deep mare­

filled circular basins 1 is associated vi th Mare Tranquilli tat is ( ref. 7 ) . 

The southern part of Mare Tranqui lli tatis is crossed by relatively 
faint but distinct north-northwest trendina rqs and prominent secondary 
craters associated with the crater Theophilua . About 15 kilomete1'8 west 
of the landing site is a fairly prominent north-northeast trendi'!l£ rq . 
The rq JD8iY be related to either of the cratel'l Altraganua or Tyelao ,  
located 160 snd 1500 kilaneters , respect! vely , to the southwest . 

A hill of highland-like material protrudes above the mare surface 
52 kilaneters east-southeast of the landing site . This structure suggests 
the mare material is very thin in this rep on ,  perhaps no more than a fev 
hundred Dll!te rs thi clt .  
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11 . 1 .  3 Analysis of Transmi tt.ea Geologic Data 

j' 

Location of the landing si te . - The l��ding site was tentatively ident­
ifj ed during the lunar surface stey on the basis of observations transmit­
i;ed by the crew . The Commander reported avoiding a blocky crater the 
size of a football field during landing , and observed a hill that he es­
timated to be from 1/2 to 1 mile west of the lunar module . The lunar 
module was tilted 4 . 5  degrees east (backward )  on the lunar surface . 

During the first command and service module pass after lunar module 
landing ( about 1 to  1-1/2 hours afte..r le.nding ) ,  the first of several dif­
ferent landing site locations , computed from �he onboard computer and from 
tracking dat a ,  was transmi ttE:.n to the Command Module Pilot for visual 
search ( see section 5 .  5 ) .  The first such estimate of the landing site 
was northwest of the planned landing ellips e .  The only site near this 
computed location that could have matched the reported description was 
near North crater at the northwest boundary of the landing ellipse .  How­
ever , this region did not match the des cription very closely . Later , 
computed estimates indicated the landing s ite was cons iderably south of 
the earlier determination ,  and the areas near the West crater most closely 
fit the des cription . These data were transmitted to the Command Module 
Pilot on the last pass before lunar module lift-off , but the Command Mod­
ule Pilot ' s  activities at this time did not permit visual search . The 
location jus t  west of West crater was confirmed by rendezvous radar �rack­
ing of the command module by the lunar module near the end of the lunar 
stay period and by the des cent photography . 

The crater that was avoided during landing was reported by the crew 
to be surrounded by ejecta containing blocks up to 5 meters in diameter 
and which extended 100 to 200 meters from the crater rim , indicating a 
relatively fresh , sharp-rimmed r113 crater. The only crater in the 100-
to 200-meter size range that meets the des cription and is in the vicinity 
indicated by the radar is West crater, near the southwest edge of the 
planned landing ellipse . A description by the Commander of a double 
crater about 6 to 12 me ters in size and south of the lunar module shadow 
plus the identification of West  crater, the hill to the west . and the 21-
to 24-meter crater reported behind the lunar module , formed a unique pat­
tern from which the landing site was determined to  within ab out 8 meters . 
The 21 to 24 meter crater has been since identi fied by photanetry as being 
33 meters in diameter . The returned sequence-camera descent photography 
confirmed the landing point location . The position corresponds to coor­
dinates 0 degree l11 minutes 15 seconds north latitude and 23 degrees 
26 minutes 0 second east longitude on figure 5-10 . 

Geology . - The surface of the mare near the landing site is  unusually 
rough and of greater geologic interest than er>ected before flight . Tele­
vision pictures indicated a greater abundanee of coarse fragmental debris 
than at any of the four Surveyor landing sites on the maria except that 
of Surveyor I (ref . 8) . It is likely that the observed trapents and the 
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s amples returned to e arth had been derived from varying depths beneath 
the original mare surface and have had widely di fferent histories of ex­
posure on the lunar surface . 

The major topographic features in the landing area are large craters 
a few hundred meters across ,  of which four are broad subdued features and 
the fifth is  West crater , located 400 meters east of the landing point . 
Near the lunar module , the surface is  pocked by numerous small craters and 
strewn with fragmental debris ,  part of which � have been generated dur­
ing the impact formation of West crater . 

Among the smaller craters , both sharp , raised-rim craters and rela­
tively subdued craters are commcn . They range in size tram a few centi­
meters to 20 meters . A s lightly subdued ,  raised-rim crater (the reported 
21- to 24-meter crater) 33 meters in diameter and 4 meters deep occurs 
about 50 meters east of the lunar module , and a double crater ( the re­
ported doublet crater) about 12 meters long and 6 meters wide lies 
10 meters west of the lunar module at 260 degrees azimuth ( see fig .  5-8) . 

The walls and floors of most of the craters are smooth and uninter­
rupted by either outcrops or conspi cuous strat i fi cati on .  Rocks present 
in the 33-meter crater are larger than any of those s een on the surface 
in the vi cinity of the lunar module . 

The bulk of the surface la;yer consists of fine-grained particles 
.which tended to adhere to the crewmen 1 s boot s  and suits , as well as equip­
ment , and was molde<i into smooth forms in the footprints • 

The regolith is weak and relatively easily trenched to depths of 
several centimeters . At an altitude of approximately 30 meters prior 
to landing , the crewmen observed dust moving awa;y tram the center of the 
descent propulsion blast . The l"lmar module foot pads penetrated to a 
maximum depth of 1 or 8 centimeters . The crewmen 1 s boots left prints 
generally from 3 millimeters to 2 or 3 centimeters deep . Surface material 
was easily dislodged by being kicked , ( see fig . 11-3 ) .  The fiagpole and 
drive tubes were pressed into the surface to a depth of approximately 
12 centimeters .  At that depth , the regolith was not sufficiently strong 
to hold the core tubes upright . A hammer was used to drive them to depths 
of 15 to 20 centimeters .  At places , during scooping operations , rocks 
were encountered in the subsurface . 

The crewmen 1 s boot treads were sharply preserved and angles as large 
as 70 degrees were maintained in the print walls ( see fig. 11-4) . The 
surface disturbed by walking tended to break into slabs , cracking outward 
about 12 to 15 centimeters from the edge of footprints • 

The finest particles of the surface had saue adhesion to boots , 
gloves , suits , hand tools , and rocks on the l"lmar surface . On repeated 

. \ 
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cootact , the coat ing on the boots thickened to the point that their color 
whE completely obscured. When the tine parti cles were bnwhed off the 
suits , a stain remained. 

During the television panorama , the Commander pointed out several 
rocks W(.;St of the television camera, one of whi ch was tabular and stand­
ing on edge , protruding 30 centimeters ab ove  the surface . Strewn fields 
of angular blocks , many more than 1/2 meter long , occur north and west 
of the lunar module . In general , the rocks tended to be rounded on top 
and flat or angular on the bottom. 

The cohesive strength of rock fragments varied ,  and in some cases 
the crew had difficulty in distinguishing aggregates , or clods of fine 
debris , from r ocks . 

11 . 1 . 4  Geologic Photography and Mapping Procedures 

Television and photographic coverage of the lunar surface activities 
constitute most of the fundamental data for the lunar geology experiment 
and complement information reported by the crew. ( Refer to section 11 . 6  
for a discussion of lunar surface photography . )  

Photographic document ation of the lunar surface was acquired with 
a 16-mm sequence camera, a close-up stereo camera , and two 70-mm still 
cameras ( one with an Bo-mm lens and the other with a 6o-mm lens ) . The 
camera with the 60-mm lens was intended primarily for gathering geological 
data,  and a transparent plate containing a 5 by 5 matrix of crosses was 
mounted in front of the film plane to define the coordinate system for 
the optical geometry .  

Photograaphic procedures . - Photographic procedures planned for the 
lunar geologic experiment for use ��ith the 70-mm Hasselblad with 60-DID 
lens were the panorama survey , the sample area survey ,  and the single 
sample survey . 

The panorama survey consists of 12 pi ctures t aken at intervals of 
30 degrees in azimuth and aimed at the horizon with the lens focused at 
22 . 5  meters . The resulting pictures , when •tched topther as a JllOIIaic , 
form a continuous 360-degree viev of the landing IIi te from Which relative 
azimuth angles can be measured between teatures of interest . The CCID­
mander took a partial panorama t.toom the toot of the ladder immediately 
after he stepped to the lunar surface ( tis. 11-5 ,  part a) • Also , three 
panoramas were taken :t'rCID the vertices ot an iJucinaey triansle surround­
ing the lunar module ( for example , tis. 11-5 , parts b and c ) .  
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The s ample area survey consists of five or more pi ctures taken of 
an ares. 4 to 6 meters from the camera. The first pi cture was taken approx­
imately down sun , and the S'lCceeding three or more pi ctures were taken 
cross sun , with parallel camera axes at interrals of 1 to 2 me cers . 

The single sample survey was des igned to record structures that were 
parti cularly significant to the crew . The area was photographed from a 
distance of 1 . 6  meters . As with the s ample area survey , the first pi cture 
was taken approximately down sun , and the next two were taken cross sun . 

Geologic study from photographs . - The lunar geology experiment in­
cludes a detailed study and comparison ;,f photographs of the rock s amples 
in the Lunar Receiving Lab oratory with photographs taken on the lunar sur­
face . The method of study involves the drawing of geologic sketch maps 
of faces that show features of the roc..lt unobs cured by dust and a detailed 
des c!'iption of the morphologi c ( relating to former structure ) ,  structural , 
and textural features of the rock , together with an interpretation of the 
associ ated geologic features .  The photographs and geologic sketches con­
stitute a permanent record of the appearance of the specimens before sub­
sequent destructive laboratory work . 

A small rock , 2 by 4 by 6 centimeters , which was colle cted in the 
contingency sample has been tentatively located on the lunar-surface pho­
tographs . Phot ographs of the rock show a fresh-appearing vesicular ( small 
cavity resulting from vaporization in a molten mass )  lava , similar in ve­
sicularity , texture , and cryst allin! ty to many terrestrial basalts ( see 
fig. ll-2 ) .  

The third largest rock in the contingency sample was collected with­
in 2 meters of the lunar module . The rock hB.fl an ovoid shape , tapered at 
one end , with broadly rounded top and nearly flat bottom ( see fig .  ll-6 ) . 
It is  about 5 . 5  centimeters long , 2 to 3 centimeters w�de , and 1-1/2 to 
2 centimeters thi ck . Part of the top and sides are covered with fine dust 
but the bottom and lower sides indicate a very f':.ne-grained clastic  rock 
with s cattered subrounded rock .fragments up to 5 millimeters in di ameter. 
The rounded ovoid shape of the top and sides of this specimen is irregular 
in detail.  In the central part , there i s  a broad depression formed by 
many coales cing shallow irregJ.lar caviti es and round pits . Adj acent to 
this , toward the t apered front end , round deep pits are abundant and s o  
closely spaced that some intersect others an d  indicate more than one gene­
ratioo of pitting. The bottom is marked by two parallel flat surfaces , 
separated by an irregular longitudinal s carp about 1/2 to 1 mi llimeter 
high . A few small caviti es are present , but no round pits of the type 
found on the top . An irregular fracture pattern occurs on the bottom of 
the rock. The fractures are short , discontinuous , and largely filled with 
dust .  On the top of the rock near the tapere d  end , a set of short frac­
tures , 3 to 9 millimeters long , is largely dust-filled and does not appear 
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to penetrate far ir.to the rock . On a few s i de s  ��d corners , there are 
short , curved fractures which may be exfoliation fe atures . Thi s  rock is 
a brec ci a of small subangular lithic fragments in a ve ry fine grained 
matrix . It resemb les the materi al of the surface layer as :photographed 
by the stereo clos eup camer a ,  except that th i s  specimen is i ndurated. 

Photometric evaZuation. - The ge ne ral photometri c characteri sti cs of 
the surface were not not iceab ly  di fferent from thos e ob served at the 
Surveyor landing s i tes . See sect i on 11 . 7  for a more detaile d evaluat ion 
of the phot ography duri ng  lunar orb i t  anc surfe.ce operat ions . The albe do 
of the lun ar surface decre as ed signifi cantly wr.ere it was di sturbed or 
covered with a spray of fine grained materi al  kicked up by the crew . At 
low phas e angles , the refle ctance of the fine grained materi�� was in­
cre as ed not iceab ly , especi ally where it was compres sed smoothly by the 
crewmen ' s  boot s  • 

11 . 1 . 5  Surface Travers e and S ampli ng Logs 

The televi sion pi ctures and lunar surface photographs were used to 
prepare a map showing the lo cation of surface features ,  emplaced ins tru­
ments , and sample localiti es ( fig . ll-7 ) . The most dis tant s ingle tra­
vers e was made to the 33-meter-diemeter crater eas t  of the lunar module . 

The contingency s ample was taken in view of the s equence camera· just 
outs ide quad IV of the lunar module . Two s coopfuls filled the s ample bag 
with approximately 1 . 03 kilograms of surface mat erial . The areas where 
the samples were obtained have been accurately lo cated on a frame 
( fig . 11-8)  of the s equence film taken from the lunar module window . Both 
scoop�als included small rock fragments ( fi gs . 11-9 and 11-10 ) vi sib le on 
the surface �om the lunar module windows pri or to s ampling . 

The Commander pushed the handle of the s coop apparatus 15 to 20 cen­
timeters into the surface very near the area of the first s coop . Collec­
tion of the bulk s ample include d li or 18 s coop motions mad� in � vi ew 
of the televis ion camera and at leas t  five within the field of vi ew of 
the sequence camera .  

The two core-tube s amples were taken i n  � . .  he vici nity of the s olar 
wind composition experiment .  The first core location was documented by 
the televis ion camera and by two individu&l. Haa selb lad photographs . The 
second core-tube locat ion , as reported by the crew , was in the vicinity 
of the solar wind �ompos ition experiment . 

ApproJCimately 20 s elect ed, but unphotog::.·aphed , grab samples ( about 
6 kilograms ) were collec:ted in the final minutes of the extravehicular 
activity . These specimens were collected out to a distance of 10 to 
15 meters in the area r.outh of the lunar module and near the east rim of 
the large double crater . 
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The sites of three of the contingency s ample rocks have been located 
and those of two tent �ti vely identi fied by comparing their shapes and 
size s  from the lunar module window and surface photographs with photo­
graphs taken of the specimens at the Lunar Receiving Laboratory .  Evi dence 
for the identifi cation and orient ation of rock A ( fig .  11-9 ) was obtained 
from the presence of a saddle-shaped notch on its exposed s ide .  Rock C 
( fig .  11-10 ) was characterized by the pitlike depress ion visible on the 
photographs . Rock B ( fig .  11-9 ) i s  only about 2 centimeters across and 
at this time has not been correlated with the specimens in the Lunar Re­
ceiving Laboratory .  

During b ulk  sampling , rock fragments were collected primari ly on the 
northeast rim of the large double crater southwest of the lunar module . 

Photographs t aken of the documented s ample locality ( s outh of the 
plus Z foot pad ) before and aft..:!r the extravehi cular activity were search­
ed for evidence of rocks that might have been included in the sample . Fig­
ures 11-ll and 11-12 illust rate that three rather large rocks (up to sev­
eral tens of centimeters ) were removed from their respective positions 
shown on the photographs tak�n before the extravehicular activity . A 
closer view of these three rocks was obtained during the extravehi cular 
activity ( fig .  11-13) . 

11 . 1 . 6 Geologi c Hand Tools 

The geologi c hand tools ( fig .  A-5 ) included the contingency s ample 
container , s coop , hammer ,  extension h&�dle , two core tubes , tongs , two 
large sample bags , weighing s cale , two s ample return containers , and the 
gnomoo . Also inclti.ded were small sample bags , numbered for use in docu­
nent ation .  All tools were us ed except the gnomon . The crew reported 
that , in general , the t ools worked well . 

The large s coop , attached to the extension handle , was used primar­
ily during bulk s ampling to collect rocks and fine-grained material . The 
large s coop wa� used about 22 times in collecting the bulk sample . As 
expected from 1/6-g s imulat i ons , some lunar materi al  tended to fall out 
of the s coop at the end of scooping moti on .  

The hammer was used to drive the core tubes att ached to the eJ..-tension 
handle . Hard enough blows could be struck to dent the top of the exten­
sion handle . The extension handle was attached to the large s coop for 
bulk sampling and to the core tube-s for taking core s amples . 

Two core tubes were driven and each collected a satisfactory sample . 
Each tube had an internally taperet'l bit that compressed the sample 2 . 2 : 1  
within the inside o f  the tube.  One tube collected 10 centimeters of 
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sample and the other 13 centimeters . The tubes were diffi cult to drive 
deeper than about 20 centimeters . This di ffi culty mB¥ have been parti­
ally caused by the tncreasing density of the fine grained material with 
depth or other me chani cal characteristi cs o.Z the lunar regolith . The 
di ffi culty of penetration was also a function of the taper�d bit , whi ch 
caused greater resist an ce with increased penetration . One tube was di f­
fi cult to attach to the extens ion handle . When this tube was detached 
from the extens ion handle , the butt end of the tube unscrewed and was 
lost on the lunar surface . The tubes were opened after the flight a.."ld 
the split liners inside both were found to be offset at the bit end . The 
Teflon core follower in one tube was originally inserted upside down , and 
the follower in the other tube was inserted without the expansion spring 
which h olds it snugly against the inside of the split tube . 

The tongs were used to pi ck up the documented samples and to right 
the closeup stereo camera when it fell over on the lunar surface . 

One of the large s ample bags was used for stowage of documented 
s amples . The other large b ag ,  the weigh bag , was used for sto.,age of 
bu� k s amples . 

The weighing scale was used only as a hook to suspend the '>t<.. lt sam­
ple bag froi:l the lunar module during the collection of bulk sampl�� . 

11. 2 LUNAR SOIL MECHANICS EXPERIMENT 

The lunar surface at the Apollo 11 landing site was similar :1 ap­
pe arance , behavior , and �chanica! properties to the surface encountered 
at the Surveyor maria landing s ites . Although the lunar surface material 
di ffers cunsi derably in compositi on and in range of particle shapes from 
a terrestrial soil of the s� parti cle size distribut i on ,  it does not 
appear to di ffer signifi cantly in its engineering behavior . 

A variety of dat a was obtaine d  through detai led crew o,servat i ons , 
photography , teleme tere d  dynami c iat a ,  and examinat i on of the returned 
lunar surface material and rock samples . This i nformat i on permitted a 
preliminary assessment of the physi cal and � chani ca! properti es of the 
lunar surface materi als .. S imulat i ons based on current dat a are planned 
to gain further insi ght into the physi cal characteri sti cs and mech ani cal 
beh'lvior of lunar surface materi als . 

11 . 2 . 1 Observed Characteri stics 

The phys i cal characteri st i cs of lunar surface materi als were fi rs t  
i ndicated during the lunar module descent when the crew not i ced a trans ­
parent sheet of dust resembling a thin lqer or ground tog that JDOVed 
radially outward end caused a grad11al decrease in visibility .  

' 
..... ._ 
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Inspect ion of the area below the des cent stage after landing re­
vealed no evidence of an eros ion crater and little change in the apparent 
topography . The surface immediately underneath the engine skirt had a 
singed appearance and was slightly etched ( fig.  11-14 ) ,  indicating a 
sculpturing effect extending outward from the engine . Visible streaks 
of eroded material extended only to a maxi'Tlum distance of about 1 meter 
beyond the engine skirt . 

During ascent , there were no visible signs of surface erosion . The 
insulation blown off the descent stage generally moved outward on extended 
flight paths in a Jlanner similar "to that of the eroded surface particles 
during des cent , although the crew reported the insulation was , in some 
cases , blown for several miles . 

The landing gear foot pads had penetrated the surface 2 to 5 centi­
meters and there was no discernible throwout from the foot pads . Fi�­
ures 11-15 through 11-18 show the foot pads of the plus Y and minus Z 
and Y struts . The s ame photographs show the postlanding condition of 
the lunar contact probes , which had dug into a.l'ld were dragged through 
the lunar surface , as well as some surface bulldozing by the minus Z 
foot pad in the direction of the left lateral motion during landi ng .  
The bearing pres sure on each foot pad i s  1 or 2 psi . 

The upper few centimeters of surface material in the vicinity of the 
landing site are characteri zed by a brownish , medium grey , slightly co-

. hes ive , granular mat erial that is largely composed of bulky grains in 
the size range of s ilt to fine sand. Angular to subrounded rock frag­
ments ranging in s i ze up to 1 meter are distributed throughout the area . 
Some of these fragments were observed to lie on the surface , same were 
parti ally burie d ,  and others were only barely exposed.  

The lunar surface is  relatively s oft to depths of 5 to 20 centimet­
ers . The surface can be easily scooped ,  offers low res istance to penetra­
t ion , and provided slight lateral support for the staffs , poles , and core 
tubes . Beneath this relatively soft surface , resis tance to penetration 
increases considerably . The available data seem to indicate that this in­
crease is caused by an increase ir. the density of materi al  at the surface 
rather than the presence of rock fragments or bedrock . 

Natural clods of fine-grained material crumbled under the crewmen's  
boots . This behavior , while not fully understoo d ,  indicates cementation 
and/or natural cohes ion between the grains . Returned lunar surface sam­
ples in nitrogen were also found to cohere again to some extent after 
being separated , although to a lesser degree than observed on the lunar 
surface in the vacuum. 

The surface material wac loose ,  powdery , and fine-grained and ex­
hibited adhesive charact eristics . As a result , the surface materi al  
tended t o  stick to any object with which i t  c ame  i n  contact , including 
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the crewmen ' s  b oots and suits , the televi sion cable , and the lunar equip­
ment conveyor . During operat i on of the lunar equipment conveyor , the 
powder adhering to it was carri ed into the spacecraft cabin . Als o ,  suf­
fici ent fine-grained materi al colle cted on the equipment conveyor to 
cause binding. 

The thin layer of materi al adhering to the crewmen ' s  b oot s oles 
caused some tendency to s lip on the ladder during i ngre s s . Simi larly , 
the powdery coating of the rocks on the lunar surface was also s omewhat 
s lippery ( s ee section 4 . 0 ) . A fine dust confined between two relatively 
h ard surfaces , such as a boot s ole and a ladder rung or a rock surface , 
would be expected t o  produce s ome tendency to s lip . 

The lunar surface provide d adequate bearing strength for standing , 
walking , lopin g ,  or jumping , and suffi cient tracti on  for starting , turn­
ing , or stopping. 

Small , fresh crater walls having s lope angles of up to 15 degrees 
could be re adily negot i ated by the crew . Going straight down or up was 
found to te preferab le to travers ing these s lopes s i deways . The foot ing 
was net s ecure because the varying thi ckness of tmstable layer material 
tended to s li de in an unpredi ct able fashi on .  

The material on the rim an d  walls o f  larger-si ze craters , with wall 
s lopes ranging up to 35 degrees appeared to be more compact and stable 
than that on the smaller craters which were traversed . 

11 . 2 . 2  Examination of Lunar Material Samples 

Preliminary ob servations were made of the general appearance , struc­
ture , texture , color , grain-si ze distribution , consistency , compactness , 
and me chani cal behavi or of the fine-grained materi al  s ampleci by the core 
tubes and collected during the contingency , bulk , and document�d =-�ling. 
These investigations will be reported in greater detai l  in subsequent 
s ci ence report s .  

11 . 3 EXAMINATION OF LUNAR SAMPLES 

A t ot al of 22 kilograms of lunar material was returned by the 
Apollo lJ. crew ; 11 kilograms were rock fragments more than 1 centimet er 
in diameter and 11 kilograms were sma_ler parti culate material .  Because 
the documented s ample cont ainer was filled by picking up selected rocks 
with tongs , the cont ai ner held a variety of large rocks ( t ot al  6 .0 kilo­
grams ) .  The tot al  bulk s ample was 14 . 6  kilograms . 



11-15 

The returned lunar material may be divided into the following four 
groups : 

a. Type A - fine-grained crystalline igneous rock containing vesi­
cles ( cavities ) 

rock 
b .  Type B - me dium-grained vuggy ( small cavity ) crystalline igneous 

c .  Type C - breccia (rock consisting of sharp fragments imbedded 
in a fine grained matrix ) cons isting of small fragments of gray rocks 
and fine material 

d. Type D - fines (very small parti cles in a mixture of var�ous 
sizes ) .  

The major findings of a preliminary examination of the lunar samples 
are as follows : 

a. Based on the fabri c and mineralogy ,  the rocks can be divided 
into two groups : ( 1 ) fine and medium grained crystalline rocks of igne­
ous origin ,  probably originally depos ited as lava flows , then dismembered 
and redeposited as impact debri s ,  and ( 2 )  bre ccias of complex history . 

b .  The crystalline rocks are different from any terrestrial rock 
-and from meteorites , as shown by the bulk chemistry studies and analyses 
of mineral concentrat ion in a specified area. 

c. Eros ion has occurred on the lunar surface , as indicated by the 
rounding on most rocks and by the evidence of exposure to a process 
whi ch gives the rocks a surface appearance similar to s andblasted rocks . 
No evidence exists of erosion by surface water. 

d. The probable presence of the as semblage iron-troilite-ilmenite 
and the absence of any hydrated phase sugges t  that the crystalline rocks 
were formed under extremely low partial pres sures of oxygen ,  water, and 
sulfur ( in the range of those in equilibrium with most meteorites ) .  

e .  The absence of s econdary hydrated minerals suggests that there 
has been no surface water at Tranquility Base at any t ime since the rocks 
were exposed. 

f. Evidence of shock or impact metamorphism is common in the rocks 
and fines . 

g .  All the rocks display glas s -lined surface pits which may have 
been caused by the impact of small particles . 
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h .  The fine materi al and the breccia cont ain large amounts of all 
noble gases with elemental and isotopic abundances that aln:ost ce!'t ainly 
were derived from the solar wind . The fact that interior s amples of the 
breccias cont ain these gases implies that the brecci as were formed at 
the lunar surface from material previously exposed to the solar wi.1.d.  

i .  The 4 0K/+0  Ar measurement s on igneous rock indi � ate that those 
rocks cryst allized 3 to 4 billion years ago . Cosmic-ray-produced nucli des 
indi cate the rocks have been within 1 meter of the surface for periods of 
20 to 160 million years . 

j .  The level of indigenous volatilizable and/or pyrolyzable organi c 
material appears to be extremely low ( considerably less  than 1 ppm) . 

k .  The chemical analyses of 23 lunar s amples show that all rocks 
and fines are generally similar chemically . 

1 .  The elemental const ituents of lunar samples are the s ame  as 
those found in terrestrial igneous rocks and meteorites . However ,  sev­
eral significant differences in composition occur : ( 1 )  some refractory 
e lements ( such as titanium and zirconium) are notably enri ched , and 
( 2 )  the alkalis and some volatile element s are depleted .  

m .  Elements that are enri ched i n  i ron meteorites (that is , nickel , 
cobalt , and the platinum group ) were either not observed or were low in 
abundance . 

n .  The chemi cal analysis of the fines materi al is in excellent 
a.ereement with the results of the alpha-back-s catt �ring measurement at 
the Surveyor V s ite . 

o .  Of 12 radioactive species identified ,  two were cosmogeni c  rac �o­
nuclides of short half life , ( 5 2 .Mn  which has a half life of 5 .  7 days and 
4 Bv which has a half life of 16 . 1  d�s . 

p .  Uranium and thorium concentrations were near the typical value·s 
for terrestri al basalts ; however , the pot assium-t o-uranium ratio deter­
mined for lunar surface material i s  much lower than such values deter­
mined for either terrestrial rocks or meteorites . 

q .  The observed high concentration of 2 6 Al  is consistent with a 
long cosmi c-r� exposure age inferred from the rare-gas analysis . 

r .  No evidence o f  bi ologi cal material has been found to date in the 
s amples . 

s .  The lunar surface materi al at the lunar module landing site is 
predominantly fine grained ,  granular , slightly cohesive , and incompressible . 

, . .  ,. 
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The hardness increases considerably at a depth of 6 inches . The soil  is 
similar in appearance and behavior to the soil at the Surveyor landing 
sites . 

11 . 4 PASSIVE SEISMIC EXPERIMENT 

The early Apollo s cientifi c  experiment package sei smometer system 
met the requirements of the experiment for the first 2 weeks of its oper­
ation .  No s ignifi cant instrumental defi ciencies were encountered despite 
the fact that maximum operating temperatures exceeded those planned for 
the instrument by llS much as 50° F .  

Analysis of calibration pulses and signals received from various 
crew activities indicated that all four seismometers were operating 
properly . Instrument response curves derived from calibration pulses 
are shown in figure 11-19 . 

During the first lunar d� , dat a were acquired at 11 : 40 :  39 p .m.  
e . s . t . , July 20 , and transmission was stopped by command from Mission Con­
trol Center at 06 : 58 : 46 a.m .  e . s . t . , August 3 ,  when the predi cte d  rate of 
solar panel output power drop occurred at lunar sunset . This occurred 
approximately 4 hours and 40 minutes before the sunset time predi cted for 
a flat surface , indi cating an effective slope of 2 degrees 20 minutes up­
ward to the west at the deployment site . 

11 . 4 . 1  Seismi c Background Noise 

A histogram of seismi c background level recorded by the short-period 
seismometer is shown in figure 11-20 . The high amplitude signal just 
after turn-on was produced in part by crew activities and in  part by a 
signal generated within the lunar module , presumably by venting processes . 
The levels decreased steadily until the background had disappeared com­
pletely by July 29 ( 8  d�s after turn-on ) . Thus , continuous seismic 
background signal near 1 hert z is  les s  than 0 . 3  millimi cron , which cor­
responds to system noise.  Maximum signal levels of 1 . 2  microns at fre­
que�lcies of 7 to 8 hertz were observed during the period when the crewme n 
were on the surface . 

Except for the occasi ooal occurrence of transient signals , the bac�:­
ground seismic signal level on the long period vertical component s eis­
mometer is  below system noi s e ;  tt.3t is , below 0 . 3  millimi cron over the 
period range from 1 to 10 s ecoods (see figs . 11-21 and 11-22 ) . This is  
between one hundred and ten thous and times less  than the average back­
ground levels observed on earth in the normal period range for micro­
seisms ( 6 to 8 seconds ) .  
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Continuous background motions of relat ively large amplitude ( 10 to 
30 millimi crons peak to peak ) were observed on the re cords from both 
hori zontal component seismomet�rs . The ampE tude of these motions de­
creased below the level of the 54-second os cillat i on for a 2- to 3-day 
interval centered near lunar noon when the rate of change of exteinal 
temperature with time would be at a minimum . The signals are of very 
low frequency ( period is  on the order of 20 seconds to 2 minutes ) . It 
is  assumed that these signals correspond to t i lt ing of the instruments 
caused by a combination of thermal distortions of the metal pallet which 
serves as the instrument base and a rocking moti on of the pallet produced 
by thermal effe cts in the lunar surface materi al .  However , the hori zontal 
component of true lunar background seismi c background level at shorter 
periods ( less than 10 seconds ) also appears to be less than 0 . 3  millimi­
cron . 

11 . 4 .2 Near Sei smi c Events 

Four types of high frequency signals produced by local sources 
(within 10 to 20 kilometers of the seismi c experiment package ) have been 
tent atively i dent i fied.  

Signals produced by crew act ivi ties were prominent on the short 
period sei smometer from initial turn-on unti l  lunar module as cent . Such 
signals were particularly large when the crewmen were in physical contact 
with the lunar module . The signal produce d  when the Commander as cended 
the ladder to reenter the lunar module is shown in figure 11-23 . 

The predominant frequency of all of these signals is 7 . 2  to 7 . 3  hertz . 
The spectrum of the signal produced by the Commander on the lunar module 
ladder , shown in figure ll-23 , contains this prominent pe ak .  This fre­
quency is apyroximately equal to the fundamental resonant mode of vibra­
tion of the lunar modu.1 e structure . The spectrum of the signal generated 
when one of the port able li fe support systems , weighing 75 pounds , struck 
the ground after being ejected from the lunar module is shown in figure 
11-24 for compari s on .  Th e  spect rum again shows the 7 . �  hertz peak ;  how­
ever ,  it is important to note that the two peaks at 11 . 3  and 12 . 3  hertz 
would be dominant if the spectrum were corrected for instrument response .  
The signal at 7 . 2  hertz was presumably generated because the port able life 
support system struck the lunar module por<.:h and "'::.he ladder as it fell 
to the surface . 

The 7 . 2  hertz peak is shifted to 8.0 hert z in the spectra of signals 
generated after departure of the lunar module ascent stage . Resonances 
in the remaining des cent stage structure would be expected to shift to 
hi gher frequencies when the mass of the ascent stage was removed. 
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Some of the signals observed had the same characteristi cs as did 
lands lides on earth . The signals have emergent onset�  and last up to 
7 minutes for the largest trains . Low frequencies ( 1/10 to 1/15 hert · )  
associated with the largest of these trains are also observed on the 
seismograms from the long period , vert i cal component seismometer.  As 
shown in fi��re 11-25 , these events began on July 25 ( 2  days before lunar 
noon ) , subsided during the lunar noon period , and continue d after lunar 
noon with more frequent and much smaller event s . The activity is believed 
to be related in some way to thermal e ffects . :11ore than 200 of these 
events were i dentified in total . 

High frequency s ignals were observed from an undetermined source . 
These signals began with large amplitudes on the short period seismo·· 
meter and gradually decreased over a period of 8 days unti l they disap­
peared completely on July 30 . During the final stages of this activity , 
the signals became very repetitive with nearly id�nti cal structure from 
train to train.  As mentioned previously , the predominant frequency of 
these signals was approximately 7 . 2  hertz before lW:1ar module as cent and 
8.0 hertz after lunar module as cent . The complete disappearance of these 
s ignals and their nearly identical form have led to the tentative conclu­
sion that they were produce d  by the lunar module itself , presumably by 
venting processes . 

Some of the observed high frequency signals might possibly have been 
from nearby meteoroid impacts . An analysis is  being made of several high­
frequency signals whi ch may correspond to meteoroid impacts at ranges of 
a few kilometers , or less , from �he passive seismic experiment package . 
Substantiv� remarks on these events cannot be made unti l  spectra of the 
signals are computed.  

11 . 4 . 3  Distant Sei smi c Events 

During the period from July 22 through 24 , three of the recorded 
signals appear to be surface waves , that is , seismi c waves which travel 
along the surface of the moon in contrast to body waves whi ch would trav­
el through the interior of the moon . Body waves ( compressional and shear 
waves ) produced by a given sei smi c source normally travel at higher ve­
lociti es than surface waves and , hence , are observed on the record before 
the surface waves . No body waves were observed for these events . The 
wave trains begin with short peri od  osci llations (2 to 4 s econds ) which 
gradually increase in period to 16 to 18 seconds , when the train dis­
persed.  

A wave train having similar characteristi cs has been observed on 
the long period vertical channel in associ ation with a series of dis­
crete pulses on the short peri od vertical channel . In this ...:ase , the 



ll-20 

long period wave train observed on the record is simply the summation of 
transi ents corresponding to these pulses and , hence , is of instrumental 
or1g1n . A dispers ion of this type is  commonly observed on earth in var­
ious types of surface waves and is well understood.  The di spers ion , or 
gradual trans formation of an initi al impuls ive source to an extended 
oscillatory train of  waves , is produced  by  propagation through a wave 
guide of s ame type . The events observed appear only on the hori zontal 
component seismometers . Such hori zontally polari zed waves , when observe d 
on earth , would be called Love wave s .  On earth , surface waves which have 
a VL��ical component of motion ( Rayleigh waves ) are usually the most prom­
inent waves on the record from a distant �vent . Several possibilities 
are presently under study to explain these w�ve� . 

11 . 4 . 4  Engineering Evaluati on 

From acquis ition of initi al dat a to turn-off , the passive s eismi c 
expe:-"i.ment package operated a total of 319 hours 18 minutes . The power 
and dat a sub systems performed extremely well , pa..-..ti cularly in view of 
the abnormally high operating temperatures . The output of the solar cell 
arrey was witllin 1 to 2 watts of the expected value and was always higher 
than the 27-watt minimum design specifi cation . 

About 9 9 . 8 percent of the data from the passive seismi c experiment 
package are preserved on tape . Several occurrences of dat a dropout were 
determined to be  caus ed by other than the seismi c experiment system. 

The passive seismi c  experiment showed good response ,  detecting the 
crewmen ' s  footsteps , portable li fe support system ejection from the lunar 
module , and movements by the crew in the lunar module prior to li ft-off . 

Data  from the dust and thermal radiation engineering measurement 
were obtained continuously except for bri ef turn-off peri ods associated 
with power/thermal management . 

A tot al of 916 commands were transmitted and accepted by the passive 
seismi c experiment package . Most of these commands were USP.d to level 
the equipnent , thereby correcting for the thermal di stortions of the sup­
porting primary structure . 

The downlink signal strength received from the passive seismi c  ex­
periment package agree with the predi cti ons and for the 30-foot antennas 
ranged from minus 135 to minus 139 d.Bm and for the 85-foot antennas 
ranged from minus 125 to mi nus 127 dBm. 

Normal operation was initiated on the second lunar day by command 
from Mi ssion Control Center at 1 :00 a.m.  e . s .t . , August 19 , approximately 
20 hours after sunrise at Tranquility Base .  Transmi ssion stopped at 
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6 : 08 a .m .  e . s .t • •  September 1 .  with the loss of solar panel output power 
at lunar sunset . The loss of transmission was disappointing • however , 
at the time of the loss . the passive seismi c experiment package had ex­
ceeded the design objectives . 

Dat a  re ceive d ,  including sei smometer measurements , were consistent 
with those re corded at corresponding sun elevation angles on th� fi rst 
lunar day . Operat ion continued unti l  the dat a system di d not respond to 
a t ransmitted command at 3 : 50 a.m.  e . s .t . , August 25  ( approximately noon 
of the second lunar dey ) . No command was accepted by the passive sei smi c 
experiment package after 'that time , despite repeated attempts under a 
wide variety of conditions . 

The initial impact of the los s  of command capability was the in­
abi lity to re-level the long peri od seismi c  sensors . As a result , all 
tl.:ee axes became s o  unbalanced that the dat a were IJEaningless ;  however ,  
:ue aningful dat a continued to be recei ved from the short period sensor . 

Valid short peri od seismi c  sensor and telemetry data continued to be 
received �,d recorded during the remainder of the day . Conponent tempera­
tures and power levels continued to be nominal , corresponding with values 
recorded at the s ame sun angles on the fi rst lunar dey . The passive 
seismic experiment was automati cally switched to the standby mode of op­
erati on when the power dropped at sunset . 

Downlink transmission was acquired during the third lunar day at 
5 : 27 p .m .  e . s .t . , September 16 .  Transmi s sion stopped at 6 : 31 a .m . , 
e . s . t . , October 1 ,  with the loss  of power at lunar sunset . Efforts to 
restore command communi cations were unsuc cessful .  The passive seismi c  
experiment remained in the standby mode o f  operation , with no sei smi c 
data output . Dat a from the dust and thermal radi ation engineering mea­
surement went off-scale low at 10 : 00 p .m .  e . s .t . ,  September 16 , and re­
mained off-scale throughout the day . The downlink s ignal strength , com­
ponent temperatures , and power levels continued to be nominal , correspond­
ing with values recoi'ded at the s ame sun angles on previous days . 

11 . 4 . 5  Conclus ions 

Tentative conclusions based on a preliminary analysis of data ob­
tained during the first recording period ( July 21 to August 3) are as 
follows : 

a .  The seismic background signal on the moon is les s  than the 
threshold sensitivity of the instrument ( 0 . 3  mi llimi cron ) . Seismometers 
are able to operate on the lunar surface at 10 to 100 times higher sens i­
tivity than is possible on earth . 
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b .  Allowing for the di fference in s i ze between the earth and the 
moon , the occurrence of seismi c events ( moonquakes or impacts )  is much 
less frequent for the moon than the occurrence of earthquakes on the 
e arth . 

c .  Despite the puzzling features of the pos sible surface wave 
trains , an attempt is being made to find lunar models compatible vi th 
the data.  A detailed dis cus sion of the surface wave trains will be con­
tained in a subsequent s cience report . 

d .  Erosional proces ses corresponding to lands lides along crater 
valls may be operative vi thin one or more relatively young craters lo­
cated within a few kilometers of the passive seism� c experiment package . 

11 . 5 LASER RANGING RETRO-REFLECTOR EXPERIMENT 

The laser ranging retro-re flector vas deployed approximately 14 meters 
south-southwest of the lunar module in a relatively smooth area ( s ee fig .  
11-26 ) . The bubble vas not precisely in the center of the leveling devi ce 
but vas between the center and the innermost division in the southwest 
direction , indicating an off-level  condition of less than 30 minutes of 
arc .  The shadow lines and sun compas s markings were clearly vi sible , <::nd 
the crew re;;>orted that these devi ces showed that the alignment vas pre cise . 

On August 1 ,  1969 , the Lick Observatory obtained reflected  signals 
from the laser re flector.  The signal �ontinued to appear for the remain­
der of the night . Between 5 and 8 joules per pulse were transmitted at 
6943 angstroms . Using the 120-inch telescope , each returned signal con­
t ained , on the average , more than one photo-ele ctron , a value that indi­
cates that the condition of the reflector on the surface i s  entirely sat ­
isfactory . 

On August 20 , 1969 , 
nals from the reflector . 
2 . 49596311 ( ±0 .00000003 ) 
variation of 4 . 5  meters . 

the McDonald Observatory obtained refl�cted  sig­
The round trip signal time vas four.d to be 

seconds , an uncert ainty equivalent to a distance 

These observaticns , made a few days before lunar sunset and a few 
d�s ai'te r  lunar sunrise , show that the thermal des ign of the reflector 
permits operaticn during sun illuminated periods and that the reflector 
survived the lunar night satis factorily .  They also indicate no serious 
degradation of optical performance from flaked insulation ,  debris , dust , 
or rocket exhaust products which s cattered during lunar module li ft-off. 
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The s ci ent i fi c  ob j e ct i ve s  of the laser rangi ng expe riment -- s tudi es 
of gravi l:. at i cn ,  r·el at i  vity , and e arth and lun ar physi cs - c an  be achieved 
only by s �c ce � s fully moni tori ng the ch ange s in the di s t an ces from stat i ons 
on e arth to the las er beam re fle ct o r  on the moon wi th an un cert ai nty of 
ab out 15 centimeters ove r a peri od of many years . The McDonald Ob servat ory 
i s  bei ng instrumented t o  make dai ly ob s�rvat i ons with th is ac curacy , and 
i t  is expecte d that s everal other s t at i �ns cap ab le of thi s ranging pre­
c i s ion will be e s t ab li shed . 

11 . 6  S OLAR WIND COMPOS ITION EXPERIMENT 

The s olar wind compos i t i on  experiment was des igned to me asure the 
ab undan ce and the i s ot opi c compos i t i ons of the nob le gas es in the s olar 
wind ( He 3 , He 4 , Ne2 0 , Ne 2 1 , Ne2 2 , Ar 36 , and Ar 3 8 ) .  The experiment con­
s i sted of a spe ci ally prepare d aluminum foi l with an e ffe ct i ve area of 
0 .  4 s quare meter ( s ee fi g .  11-27 ) .  When expose d to the s ol ar wind at the 
lunar s urface , s olar wind part i cles which arri ve d wi th ve loci ties of a 
few hundre d ki lome ters pe r s ec ond would penetrat e  the foi l to a depth of 
s everal mi llionths of a cent imeter and b e come firmly t rappe d .  Parti c le 
me asurement s would be acc ompli shed by heating the returned foi l in an 
ultra h i gh  vacuum system . The evolving atoms would then be an alyzed in 
stat i cally ope rat ,� d  mas s s pect rometers , an d  the ab s olute an d  i sotopi c 
quantities of �he part i cles dete rmi ned . 

The experiment was deployed approximately 6 meters from the lunar 
module . The s taff of the experiment penetrat e d  13 . 5  centimeters into the 
s ur face . 

The foi l was retrei ve d aft er 77 mi nutes exposure to the lun ar en­
vironment . The return unit was place d into a spe ci al Te flon bag and re­
turned to e arth in the lunar s ample retu.rn container .  A port i on o f  the 
foil was cut out , placed i nt o  a metal gasket vacuum cont ai ner , and heat 
steri li ze d  at 125° C for 39 hours . The s ect i on of foi l has been released 
for analys i s ,  and result s wi ll be reporte d  in s ci ence report s . 

11 . 7  PHOTOGRAPHY 

A preliminary an alys i s  of the Apollo 11 photographi c activities is 
di s cus s e d  i n  th e following paragraphs . During the mi s s i on , all nine of 
the 70-mm and all 13 of the 16-mm. film magazines carried onboard the 
space craft were exposed. Approximately 90 percent of the photographic 
objectives were accompli shed , includi ng about 85 percent of the requested 
lunar photography and about 46 percent of the targets of opportunity . 

\ 

... ..... 
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11 . 7 . 1  Photographic Objectives 

The lunar surface photographic obj ectives  were : 

a .  Long distance coverage from the command module 

b .  Lunar m&.pping photography from orbit 

c. Landed lunar module location 

� .  Sequence photography during descent , lunar stay , and as cent 

e .  Still photographs through the lunar module window 

f.  Sti ll photographs on the lunar surface 

g .  Closeup stereo photography 

11 . 7 .2 Film Descript i on and Processing 

Special care was taken in the selection , preparation , calibration ,  
and proces sing of film t o  maximi ze returned information .  The types of 
film included and exposed are listed in the following table .  

Resolution ,  lines /mm 

Fi lm type Film s i ze ,  mm Magazines ASA 
speed High Low 

contrast contrast 

S0-368 , color 16 5 64 30 35 
70 2 
35 1 

S0-168 , color 16 8 • 63 32 
70 2 

34oo , black 70 5 4o 170 70 
and white 

*Exposed and developed at ASA 1000 for interior photography and 
ASA 160 for lunar surface photography . 

11 . 7 . 3  Photographic Results 

Lunsr photography from the command module consisted mainly of speci­
fied targets of opportWli ty together with a short strlp of vertical still 
photosraphy from about 170 to 120 degrees east longitude . Most of the 
other 70-mm command module photography of the surface consisted of fea­
tures selected by the crew . 
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The 16� sequence camera photography was generally excellent . The 
des cent fi lm was used to determine the location of the landed lunar mod­
ule . One sequence of 16 -mm coverage t aken from the lunar moQule window 
shows the lunar surface change from a light to a very dark color wherever 
the crew walked.  

The quantity and quality of still photographs taken through the lunar 
module window and on the lunar surface were very good.  On some sequences , 
to insure good photography the crew varied the exposures one stop in either 
dire�t ion from the exposure i ndicated. The still photography on the sur­
face indi cates that the landi ng site location determined by use of the 16-
mm descent film is correct . 

The closeup stereo photography provides good quality imagery of 
17 areas , each 3 by 3 inches . These areas included various rocks , some 
ground surface cracks , and some rock which appears to have been partially 
melted or splattered with molten glass .  

11 . 7 . 4  Photographic Lighting and Color Effects 

When the lunar surface was vi ewed from the command module window , 
the color was reported to vary with the viewing angle . A high sun angle 
caused the surface to appear brown , and a low sun angle caused the sur-­
face to appear slate  grey . At this distance from the moon , distinct 

. color variat ions were seen in the maria and are very pronounced on the 
processed film .  According t o  the crew , the 16-mm photographs are more 
repres entat ive of the true surface color than are the 70-mm photographs .  
However , prints from both film types have shown t ints of green and other 
shades which are not realistic . Underexposure contributes to the green 
t int , and the printing process  can increase this effect . Each generation 
awey from the original copy will cause a further increase in this t int­
ing . On the original film ,  the greenish tint in the dark , or underex­
posed,  areas is a function of spacecraft window transmission character­
istics and low sun angles . For Apollo 12 , the master fi:� copies will 
be color corrected , which should greatly minimize unreal:i.stic  tinting . 

A 16-mm film sequence from the lunar module window shows crew acti v­
i ties in both grey and light brown areas . As the crewmt:,n move d ,  the gray 
area ,  which is apparently softer , deeper materi al , turnHd tJ.l.most black . 
The crewmen ' s  feet visibly sank in this gray ma.t.P.ri al  a3 they kicked mod­
erate quantities . The light brown area did not appreciably change color 
with crewmen ' s  movement . 

The color pictures in which the fine grained part:J of the lunar 
surface appear gray are properly exposed , while those pictures in which 
the lunar surface is  light brown to light tan are generally overexposed. 

r 
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The ro·�ks appear light grey to brownish grey in pi ctures that are pro­
perly exposed for the rocks and vary from light t an  to an off-white where 
overexpos ed .  The crew reported that fine grained lunar materi al and rocks 
appeared to be grey to dark grey . Thes e  materials appeared slightly 
brownish gray when observed near zero phase angle . Small brownish , t an ,  
and golden reflections were observed from rock surfaces . 

The targets and as sociated exposure values for each frame of the 
lunar surface film magazines were carefully planned before flight . Nearly 
all of the photographs were taken at the recommended exposure settings . 

Preflight simulations and training photography indicated that at 
shutter speeds of 1/125 second or longer ,  a suited crewman could induce 
exces sive image r.totion during exposure . A shutter speed of 1/250 second 
was therefore chosen to reduce the unwanted motion to an acceptable level.  
Corresponding f-stops were then determined which would provide correct 
exposure under predicted lunar lighting conditions . At the completion 
of the training program , the crew was profi ci ent at photograph1ng dif­
ferent subject s  under varying lighting conditions . 

To simpli� camera operat ions , f-stops of 5 .6 and 11 were chos en 
for exposures in the cross-sun and down-sun directions , respectively . 
This exposure informat ion was provided on decals attached to the film 
magazines and was used successfully . 

The creWIL.en chose exposures for unusual lighting conditions . For 
example , the photographs of the Lunar Module Pilot des cending the ladder 
were taken at an f-stop of 5 . 6  and a speed of 1/60 second , and the best 
photograph of the landing-leg plaque was taken at an exposure of 5 .6 and 
1/30 second . When a high depth of fi eld was require d ,  exposures were 
made with smaller apertures and correspondingly slower shutter speeds to 
maintain equivalent exposure values . The crewmen usually steadied the 
camera against the remote-control-unit bracket on the suit during these 
slower-speed exposures . 

A preliminary analysis of all lunar surface exposures indicates that 
the nominal shutter speed of 1/250 second appears to be a good compromise 
between depth of field and crew-induced image motion .  In those specific 
instances •here a slower shutter speed was required ,  either because of 
depth-of-field or lighting considerat ions , the crew was able to minimize 
image motion by steadying the camera. However , the selection of the 
1/250-second speed will be re-evaluated for continued general photography . 

Figures 11-3 , 11-4 , 11-18 , and ll-28 are representative of lunar 
surface photography . 

. ......... 
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TABLE ll-I . - COMPARATIVE TIMES FOR PLA!mED LUIIAR SURFACE EVENTS 

Event 

Final preparation for egress 

COIIIUIIder egress to surface 

C0111111&11der enviroDIIlental f'lllllil­
iarization 

Contingency sample collection 

Preliminary spacecraft checks 

Lunar Module Pilot egress to 
aurtaee 

Caaander photography and ob­
servation 

Televis ion camera deplqyment 
(partial) 

Lunar Module Pilot environ­
mental "llllillarization 

Television camera deplqyment 
( c0111plete ) 

Solar vind CCllllp08ition experi­
ment deployment 

Bulk sample and extravehicular 
mobility unit evaluation ( coa-l plete) 

Lunar module inspection by 
Lunar Module Pilot 

Lunar Module inspection by Caa­
mander 

orr-load experiment packase 

Deploy experiment package 

Documented sample colloction 

Lunar Module Pilot 1� .. 

Transfer uaple return con-

C011111ander ingreu 

Planned time , 
min : sec 

10 :00 

10 : 00  

5 : 00 

4 : 30 

6 : 30  

7 :00 

4 : 00 

6 : 00 

7 : 00  

4 : 00 

14 : 30  

14:00 

15 : 30  

7 : 00 

9 : 00  

34 : 00  

4 : 00  

111 :00 

9 : 30  

Actual time , 
!!'.in :sec 

20 : 45 

8 : �0 

2 :05 

3 : 36 

6 : 35 

7 :00 

2 : 40 

4 : 50 

15 :00 

11 : 50 

6 : 20  

18 : 45 

18 :15 

17 :10 

5 : 20  

13:00 

17:50 

11:00 

9:00 

6:14 

Difference , 
min : sec 

+10 : 1.5 

-2 :00 

-2 : 00  

..0 : 55 

+0.05 

0 : 00  

+2:40 

+0.50 

+9 : 00  

+4 : 50  

+2 :20 

+4 :15 

+1 : 4o 

-1:4o 

+11 : 00  

-16 :10 

0 : 00  

-5 :00 
-3:16 

Remarks 

Approximately 8 min 30 sec spent 
from cabin pressure reading of' 
0 . 2  psia until hatch opening 

Perf'ol'llled out of' sequence with 
planned timelin� 

Out of' sequence 

Approximately 2 min 10 a .. c fer 
portable life support system 
checks 

Deployment interrupted for ac­
tivity vith plaque 

Includes assisting Commander 
vi th plaque and television 
camera deplqyment 

Includes photography of' solar 
C0111p08i tion experiment and caa­
menta on lunar surface charac­
teristics 

Includld closeup c .. ra photo­
grapbs 
P'raa 4oor open to 4oor cl01ed 

rroa selection of' site to caa­
pletion of' pllotograpbT ; trouble 
leveling the equi�nt 

Partially caapleted 

Includes cabin repressurlsatioa 
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Figure 1 1-2 . - Lunar sample and re lative pos it ion on lunar surface . 
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F igure 1 1-3 . - Surface characteristics around footprints . 
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F igure 1 1-4 . - Footprint in surface material . 
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F igure 11-5 . - Panoram ic views . 
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Figure 1 1-5 . - Panoramic views . 
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Figure 1 1-6 . - Detai led v iew of lunar rock . 
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NASA-S-69-3752 

Figure 1 1-8 . - Location of two contingency sample scoops . 



NASA-S-69-3753 

F igure i 1-9 . - Rocks co l lected dur ing f irst 
c�nt ingency sam p le scoop . 

'F igure 1 1- 1 0 . - Rock co l lected dur ing second 
cont ingenc y sample scoo p .  
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Figure 11-11. - P hotograph taken prior to extravehicular activity, 
showing rocks col lected !see figure 11-10). 

Figure 11-12. - P hotograph of area shown In figure 11-9 after 
extravehicular activity. 
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F igure 1 1-14. - Lunar surface under descent stage engine . 



NASA-S-69-3 757 

F igure 1 1-15 .- Interaction of plus Y footpad and contact 
probe with lunar surface . 
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NASA-S-69-3758 

Figure 1 1-16 . - Interaction of the minus Z footpad with lunar surface . 
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NASA-S-69-3759 

Figure 1 1-17 . - Interaction of the minus Y footpad and 
contact with lunar surface . 
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NASA-S-69- 3 7 6 0  

F igure 1 1- 1 8 . - So i l  d isturbance in the minus Y foot pad area . 
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Figure 1 1-23 . - Seismometer response while 
COfl'l'llander was ascending ladder . 
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F igure 1 1-26 . - Laser ranging retro-reflector deployed. 
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Figure 1 1-27 . - Solar wind composition experiment deployed . 
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Figure 1 1-28 . - Crater near lunar module .  
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12 . 0  BIOMEDICAL EVJ;_ UATION 

Tnis section is a summary of the Apollo �1 quarantine procedures 
and medical findings , based upon a preliminary analysis )f biomedical 
data.  More comprehensive evaluations will bE' pu"blj shed in separate med­
ical reports . 

The three crewmen accumulated 585 man-ho'./:.; c:' E=pa!.!e flight experi­
ence during the lunar landing mission including 2 ho�s 14 minutes and 
1 hour 42 minutes on the lunar surface fc.- ::· the Co!D!lle.nde-r s.n.d the Lunar 
Module Pilot , respectively . 

The crew ' s  health and performanc:-e were excelle!it thro�.!out "che 
flight and the 18-d� postflight quare :��n� period. There were no sig­
nificant physiological changes observed n.fter this mission &'3 has been 
the case on - all previous missions , and no ef:."ects attributable -t;o lunar 
surface exposure have been observed. 

12 . 1  BIOINSTHUMENTATION AN:J PHYSIOLOGICAL DATA 

The biomedical data were of very good c.t.ua.li ty . Only two minor prob­
lems occurred, both late in the flight . Data from the Camnand Module 
Pilot ' s  impedance pneumogram became unreadable and the Lunar Module Pilot ' s  
electrocardiogram signal degraded because of drying of t.he electrode paste 
under the sensors . The Lunar Module Pilot replaced the electrocardiogram 
leads in his bioinstrumentation harness with the spare set from the medi­
cal kit , and proper readings were restored. No attempt was made to cor­
rect the Command Module Pilot ' s  respiration signal because of entry prep­
arations . 

Physiological parameters were alw�s within expected ranges , and 
sleep data were obtained on all three crewmen during most of the mission . 

The average heart rates during the entire mission were 71 , 6o , and 
67 beats /min for the Ccmmander , Caamand Module Pilot , and Lunar Module 
Pilot , respectively . During the powered descent and ascent phases , the 
only data planned to be available were the Ccmmander' s  heart rates , which 
ranged tram 100 to 150 beats /min during descent and from 68 to 120 during 
ascent , as shovn in figures 12-1 and 12-2 , reep�cti vely . 

Plots of heart rates durins lunar surface exploration are shovn in 
fisure 12-3 . The average heart rates were 110 beats /min for the Com­
mander and 88 beats /min for the Lunar Module Pilot • The increase in the 
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12-2 

Commander ' s  heart ra.te during the last phases of this activity is indi ca.­
ti ve of a.n increased work loa.d a.nd body heat s tora.ge . The meta.boli c pro­
duction of esch crewman during the extravehi cular activity is  �eported 
in section 12 . 3 .  

12 . 2  MEDICAL OBSERVATIONS 

12 . 2 . 1  Adaptation to Weightles sness 

The Commander reported tha.t he felt less zero-gravity effect , such 
a.s fullness  of the hea.d , than he ha.d experienced on his previous flight . 
All three crewmen commented tha.t the lack of a. gravitational p1lll caused 
a. puffiness underneath their eyes ancl this caused them to squint scmewhat , 
but none felt any ill effects as sociate� with this puffines s .  In donning 
a.nd doffing the suits , they ha.d no feeling of tumbling or the disorienta­
tion which had been des cribed by the Apollo 9 crew . 

During the first 2 da.ys of the flight , the Command M:>dule Pilot re­
ported that half a. meal was more than enough to satisfy his h1.mger,  but 
his a.ppeti te subsequently returned. 

12 . 2 . 2  Medications 

The COlllll1ander and the Lunar Module Pilot ea.ch took one Lomotil tablet 
prior to the sleep period to retard bowel movements before the lunar mod­
ule activity . They each carried extra Lomotil tablets into the lunar mod­
ule but did not take them. At 4 hours before entry and again after splash­
down , the three crewmen ea.ch took anti-nauseant tablets containing 0 . 3  mg 
Hyoscine and 5 . 0  mg Dexedrine . Aspirin tablets were also taken by the 
crewmen , but the number of tablets per individual was not recorded . The 
Lunar Module Pilot recalled that he had taken two aspirin tablets almost 
every night to aid his sleep . 

12 . 2 . 3  Sleep 

It is interesting to note that the crewme n ' s  subjective estimates 
of amount of sleep were les s  than those based upon telemetered biomedi­
cal data, as shown in table 12-I . By either count , the creWJDen slept 
well in the command morlule . The simultaneous sleep periods during the 
transl1.mar coast were caref'Ully monitored, and the crew arrived on the 
lunar surface well rested. Therefore , it was not necessary to wait until 
atter the first planned 4-hour sleep period before conducting the extra­
vehicular activity . The crewmen slept very little in the lunar module 
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following the �unar surface activity ( see section 4 . 12 . 6 ) . However , the 
crewmen slept well during all three transearth sleep periods . 

12 . 2 . 4  Radiation 

The personal radiation dosimeters were read at approximately 12-hour 
intervals , as planned.  The total integrated , but uncorrected , doses were 
0 . 25 , 0 .26 , and 0 . 28 rad for the Commander , Command Module Pilot , and 
Lunar Module Pilot , respectively. The Van Allen Belt dosimeter indicated 
total integrated doses of 0 . 11 rad for the skin and of 0 . 08 rad for the 
depth reading during the entire mission .  Thus , the total dose for each 
crewman is estimated to have been less than 0 .2 rad , which is well below 
the medically significant level . Results of the radio-chemical ass�s of 
feces and urine and an analysis of the onboard nuclear emulsion dosimeters 
will be presented in a separate medical report . 

The crewmen were examined with a total body gamma radioactivity 
counter on August 10 , 1969 , after release from quarantine , No induced 
radioactivity was detected , as based on critical measurements and an in­
tegration of the total body gamma spectrum. The examination for nat,,.al 
radioactivity revealed the levels of potassium 40 and cesium 137 t �  
within the normal r��ge . 

12 . 2 . 5  Inflight Exercise 

The planned exercise program included isometric and isotonic exer­
cises and the use of an exerciser . As in previous Apollo missions , a 
calibrated exercise program was not planned. The inflight exerciser was 
used primarily for crew relaxation . During trans earth coast , the Lunar 
Module Pilot exercised vigorously for two 10-minute periods . His heart 
rate reached 170 and 177 beats/min , and the partial pressure of carbon 
dioxide increased approximately 0 . 6  DID. Hg during these periods . The 
heart rates and the carbon dioxide readings rapidly returned to normal 
lt!vels when exercise ceased, 

12 . 2 . 6  Drug Packaging 

Several problems concerning drug packaging developed during tb� 
flight . All the medications in tablet and capsule form were packaged 
in individually sealed plastic or foil containers . When the medi�al 
kit vas unstowed in the COIIIUlld module , the packages were blown up like 
balloons because insufficient air had been evacuated during packaging . 
This ballooning increased the volume of the medi cal-kit contents after 
i,. vas opened and thus prevented res towage until a nap vas cut st�q t'roll 

' 
! . 

•.. 



12-4 

the kit . Venting or each or th� plast ic or foil containers vill be accom­
plished for tuturc flights and should prevent this problem trom re�urring . 
The Atrin nasal apr� bubbled out vhen the cap vas removed and vas there­
tore unu.. 'lble . The use of cotton in the spr� bottle is expected to re­
solve this problem on tutvxe flights . 

12 . 2 . 7  Water 

The eight inflight chlorinations or the cCIIII&Dd 110dule water system 
vere accaapliahed nomal.ly and essentially as scheduled. Analysis ot the 
pot&b le water auaplea obtained about 30 hours atter the lut infli&ht 
chlorination shoved a tree-chlorine residual ot 0 . 8  as rro. the drinkinc 
dispenser port and ot 0 .  o; .111 trOLl the hot water port . The iodine level 
in the lunar JDOdule tanka , baaed on pretlight auapling , vu adectuate tor 
bacterial protecti�n throughout the fligbt . 

Chemical and aicrobiological analyses ot the pretligbt water auaplea 
for both spacecraft shoved no eipi ticant contuainanta . Teats for coli­
rona and anaerobi c bacteria ,  u vell u tor yeasts and 110lda , were found 
negative during the poat fligbt water analysis , which vu delltiYed becaWie 
ot ctuarantine restrictions . 

A nev sas /vater separator vas used vith satis factory results . The 
palatability or the drinking water vas sreatl.y ilq)roved over that or pr :<t­
vious flights because ot the ab:1ence ot gas bubbles , which can cau.e 
gastro-intestinal dia comtort . 

12 . 2 .8 Food 

The rood supply tor the CCIIII&Dd IIOclule included reeydratable fooda 
and beveracea , vet-packed tooda , too4a contained in apoon-bovl pack .. ea , 
4r1e4 truit , and bread . The nev tood iteu tor thil aiaaioa were cuq 
aticka and jellied truit cuq ; spreads ot h• , chicken , ud tuna aalad 
packaced in ligbtveigbt alu.in\11 1 euy-open cue ; ud cheddar cheeae 
apre� and trUlltturtera packace4 in tluible toil u vet-packed tooda • 

A nev putry-type tood ayat• allowed real-tiM •election ot f'ood itaa 
baaed upon indi Tidual preference ud appetite . 

Four •al peri ode oa the lunar aurtaoe van scheduled ,  &Del extra 
optional it ... were included vith the nor.&! .. al paok ... a .  

Prior to tl.ipt , each crevaan naluated the aftilable toocl iteM ud 
selected hie tlipt •nus . The •nu. prori.ded approxiaateq 2300 kilo­
calories per ..a per � ud included 1 cr• ot cal.ci\11 , 0 .  5 II'• ot 
pba.pborua , ud 8o sr--. ot protein . The CrevlleD were veU aat1atie4 
vi th the quality ud variety ot the tlipt tooda • 'l'b8J reported that 
their tood intake .-t their appetite &Del enercr requir-..nta . 
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The preparation and eating or sandwiches presented no problems . 
Criticisms of the food systems were only that the coffee vas not parti cu­
larly good and that the fruit-flavored beverfi8es tasted too sweet . The 
new gas /water separator vas effective in reducing the amount of gas in 
the water and greatly improved the taste or the rehydratable foods . 

12 . 3  EXTRAVEHICULAR ACTIVITY 

Tbe integrated rstes or Btu pr�uction and the accumulated Btu pro­
duction durinc the intervale or planned activities are L".ated in table 
12-II . Tbe actual average metabolic production per hour vas eati .. ted 
to be 900 Btu for the Coaaander and 1200 Btu for the Lunar Module Pilot . 
These values are leas than the preflisht estimates or 1350 and 1275 Btu 
for the respective crewmen . 

12 . 4  PHYSICAL EXAMINATIONS 

Comprehensive medical evalua�ions were conducted on each crevaan at 
29 ,  15 , and 5 �· prior to the da¥ or launch . Brie r phya ical exaatna­
tiona were then conducted each � until launch . 

The poet fiisht medical evaluation included the follovinc : llicrobi­
ology atudie1 , blood atudie1 , phy1ical exa.inations , ortho1tatic toler­
ance te1t1 , exerciae reaponae teats , and che1t X-r�a . 

The reccweey da¥ ex..tnation revealed that all three crev��en vere 
in ioocl health and appeared vell re1ted . Tbq above!\ no tenr and ha4 
l01t no mre than the expected .-ount ot bo4iJ ve i pt .  Each CNVIUD hM 
taken ant:f.-aotion 1ickne11 •clic•tion It boun prior to ent17 ud .. &in 
atter lanclinc , ud no 1euiclme11 or Mnne •JaPt� were expe:riencecl. 

Data trc. chest X-rap and electrocarcliocr_. vere vi thin DOnal 
lia1t1 . The onq po1itin tinclinp vere 1M11 papule• beDeath the 
axil1&17 1euon on both the ec-•n4er and the LUDU' Module Pilot . Tbe 
C�der ha4 a aild eei"OUI otitil •clia ot the rilbt ear , but could 
clear hie ean without 4i tticultT. lo treataat vu nece .. &I'J. 

Tbe orth01tatic tolerance te1t 1howed •1sn1 ticant increuea in the 
�cliate poat fiipt heart rate re1pona .. , but theae increuea wre 1••• 
than the chance• 1een in preTiOUI Apollo crenlllben • In 1pi te ot thia 
apparent illprove.ent , tbe:lr return to prefiipt value• vu llower than 
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bad been obaerw4 in previous Apollo crewmen . The reaaona tor tbia alover 
recoveey are DOt clear at tbia time ; but in general , these crev members 
exhibited leu decrement i n  ox;ygen consumption and vork pertor��ed than 
vas observed in exercise response testa atter previous Apollo tligbts . 

Follow-up evaluat ions vere conducted dai ly during the quarantine 
period in the Lunar Receiving Laboratoey , and the iaaunohematology and 
mi crobiology reve&led no changes attributable to exposure to the lunar 
surtace JD&terial .  

12 . 5 LUNAR COITAMIIATIOI MD QUARAIITIRE 

Tbe tvo tun�ntal reaponalbilltlea ot the lunar a.-ple prosr .. 
vere to preserve the integri t7 ot the returned lunar a.-plea in the 
original or near-origi nal  state and to aake practical provi sions to pro­
tect the earth 'a ecology trom possible C'Ontudnation by lunar substances 
that milht be intect ioua , toxic , or othe1vhe h&Z'IItul to man , animals , 
or plants . 

The Pub lic Lava and Federal Regulations concerni ng contudnation 
control tor lunar sample return mi ssions are des cribed in reterence 9 .  
An interagency agreement between the Rational Aeronaut ics and Space Ad­
llliniatrat ion ; the Depart.aent ot Agriculture . the Department or Health . 
Education and Weltare ; the Depa.rt•nt ot the Interior ; and tbe Rational 
Acade!Q' ot Sciences (ret. 10 ) confirmed the exiati� arrangeMnta tor the 
protection ot tbe earth 's  bioaphere an4 4etined the �1teragency eo.aittee 
Clll Back Contudnat ion . The quarantine ache118a tor ��anned lunar aiuiona 
vere eatabl hhed by the Interagenq ec-1 ttee on Back Contaalnation 
( ret. ll ) . 

'l'be planned 21-dlr¥ crev quarantine represented the period required 
to preclu4e the daftlDI-nt ot 1Dtectioua 41aeue con41 tiona that CO\Ild 
pnerate volatile epict.aic eftnta . In 11441 tlon • ear)¥ dpa ot latent: 
intectioua 41aeuea vi th lonpr incubation perioda vou14 probablJ be 4e­
tecte4 thrcr.acb exteuift •41cal ud oliDical patholopcal eaainatiou . 
Jloveyer , to proride �41 tiODal ueuruce that DO intectioua 41M•e ot 
lunar origin h preeent in the Apollo 11 cnv.Jiben , an exteulft epi­
dnoloclcal procr• rill continue tor 1 Jear atter tbelr re.le•e troa 
quarantine .  
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12 . 5 . 1  Lunar Exposure 

Although each cr�vman attempted to clean himsel f and the equipment 
be fore i ngres s ,  a fairly large amount of dust and grains of lunar surface 
material vas brought into the cabin . When the crewmen removed thei r  hel­
mets , they not i ced a dist inct , pungent odcr emanating from the lunar mate­
ri al .  The texture of the dust vas like pvvdered graphite , and both crew­
men were very dirty afier they removed their helmeta , overshoes , and 
gloves . rhe cre�n cleaned their hands and faces vitb tissues and vitb 
towels that had been soaked in bot water .  The Caaander re110ved his 
liquid-cooling ganaent in order to c'.ean his body . One grain of material 
got into the Commander's  eye , but vu easily removed and caused no prob­
lem . The dust-like ll&terial could not be re110ved ccaapletely troa beneath 
their fingernails . 

The cabin cleaning procedure involved the use ot a vaclNI-bru.b de­
vice and pos itive ai r pressure troa the suit supply hoses to blow remote 
particles into the atmos phere tor collection in the lithium hydroxide 
filters in the environmental control eyetem . 

The concern that particles remaining in the lunar IIO<lule would float 
i n  the cabin atmospher e at zero-g arter ucent caused the crew to reaa1n 
belaeted to prevent eye and breathing coutaadnation . However , tloatina 
particle• were not a problem. The cabin and eqw.paaent were rurtber 
cleaned vi th the vacu\111 brueh . The equipment rrom the surface and the 
preaeure aarment usembliee were placed in baae tor tran. fcr to the com­
II&Dd 110dule . Before trane ter to the cOIIUII&Dd 1104ule , the epacecratt qe­
tfdlll were configured to cause a poe itive aae tlov troa the ca.mand 1104-
ule throuab the batch dump/relief valve in the lunar .odule . 

The ca.and IIOdule vu cleaned durina the return to earth at 21t-bour 
intervale using the vacu\111 brueb and tovell . In 1144i tion , the circulation 
ot the cabin at.a.pbere throucb the litbiua hJdroxide tilte� continued 
to reaon tracee ot particulate •ter1 al .  

12 . 5 • 2 Recove::"7 Procedure• 

The reconry procedurH were aucceea � conducted vi tb no cc.pro­
ailel ot the pl&DDed quarantine tecbDiquel . Tbe t1M1 of aaJor �t­
landiq event• are lilted in 1ect1on 13. 3, Reconey Operation• . 

After the c�d .actule vu upri&bted , tour biolocioal ilolation 
l&rMnt• and the dctcontuination aear were lowered to one of two U te  
raft• . One of the tour •�n clolmed a biolocical ilolation I&I'Milt . 
Tbe eecond 11 te raft vu then mnd to the 1pacecratt • The prot•cted 
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swimmer ret ired wi th the second life raft to the origi nal upwind posi ­
tion . The hatch was openeQ ,  the crew ' s  biologi cal isolat i on garments 
were inserted i nto the command module , and the hat ch was closed. 

After donning  the biologi cal isolat ion garments , the crew egressed. 
The protected svimmer sprayed the upper deck and hatch areas with Beta­
dine , a water-solub le iodi ne solution , as planned in the quaranti ne pro­
cedure . After the four men and the life ratt ve� wiped vi th a solut ion 
of sodium hypochlorite , the three svil!llllers returned to the vicinity or 
�be spacecraft to stand by during the heli copter pickup or the flight 
crew . 

The crewmen were brought up into the bf'll copter without incident 
and remained in the art compartment . As expected, a moderate amount ot 
water was present on the floor atter retrieval , and the water waa wiped 
up wi tb towelr. . The helicopter cre'WIIlen vere �so protected from poss ible 
contami nat ion . 

The helicopter was moved to the Mobile Quarantine Faci li ty on the 
lower deck of t he recovery vessel . The cre'WIIlen walked across the deck ,  
entered the Mobile Quarantine r.cility ,  and removed their biologi cal 
is;,lation g&l'lllents . The descent steps and the deck area between the 
helicopter and the Mobile Quarant i ne Facili ty were sprayed with glutaral­
dehyde solution , which was metpped up after 11. 30-mi nute contact t ime . 

After the crewmen were picked up , the protected swillllller s crubbed t�e 
upper deck around the lJOStlandi ng  vents , the hat ch area ,  and the tlotation 
collar near the hatch with Betadine . The remaining Betadine wu emptied 
into the bottom or the recoveey ratt . The swimmer removed his biological 
isol at ion garment and placed i t  in the Betadine i n  the li fe ratt . 'l'be 
disinfectant apr.,ers were diaantlecl ancl aunk . After a 30-llinute contact 
time , the lite ratt ancl rf!mai ning equipment vere lunk . 

Folloving egreu or the tligbt creva and a recoveey aurgeoo troa 
the helicopter , ita hatch was cloaed and the vehicle vu toved to the 
flight deck tor decontaainat ion with tol'll&l.dehycSe . 

The crev bec•e uncollltort ab )¥  VIU'II vbile they vere encloaed in the 
biological iaolat icn aaraenta in the environ.ent ( 90° P) ot the beli ­
coptu· cabin . Or. tvo or the aaraenta the vi lot' toged up becau.e ot ia­
pr·oper tit ot the no .. and 110utb cup . To �leviate tbb cSi acoaf ort on 
rut. .. ll'e mi uiona , conalderat ion h beina given to : ( l )  replacina the 
present bioloaic� holat ion gar.ent vi th a lightweight coverall , dail.ar 
to vhiter0011 clothing , vi th reapirator auk , cap , glovea , and bootiea ; 
and ( 2 )  vearina a liquid cooling aar.ent under the biologi cal bolation 
giU'IIent . 

.... .. . 
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The command module vas taken aboard the USS Hornet about 3 hours 
afte r  landi ng and attached to the Mob i le Quaranti ne Faci li ty through a 
flexible tunnel . The removal of lunar surface samples , film ,  data tape , 
and medical s amples vent �11 . vi th one exception . 'l'vo of the medical 
sample contai ners leaked vi thin the i nner biologi cal isolat ion container . 
Correct ive me as ures were promptly executed , and the quarantine procedure 
vas not violated. 

Transfer of the Mobile Quarantine Facility from th" recover:y ship to 
a C-141 aircraft and from the aircratt to the Lunar Receiving Laborator:y 
at the Manned Spacecraft Center vas accomplished without anT ques tion ot 
a quarantine violation . The t ransfer  ot the lunar surface s amples Uld 
the c011111and module into the Lunar Recdvi ng Laborator:y vas als o accom­
pli shed as plL�ned.  

12 . 5 . 3  Quarantine 

A total of 20 persons on the me di cal support telllll8 vere expoced , 
directly or indirectly , to lunar material tor periods ranging trom 5 to 
18 days . Daily medical observations and periodic laboratory examinations 
shoved no s igns or symptoms of infectious disease related to lunar ex­
posure . 

No microbial grovth vas observed from the prime lunar samples atter  
156 hours of  incubation 01.1 all types ot di fferential media. No micro­
organisms vhich could be attributed to an ext raterrestrial source vere 
recovered trom the crewmen or the spacecraft . 

None of the 24 mice inJected intraperi tone ally vi th lunar lll&terial 
shoved visible shock reaction following inJection , and all remained alin 
and healthy during the firs t 10 �s ot a 50-� toxi ci ty test. During 
the first 1 �s of testing of the prime lunar samples in  serm-tree alee , 
all fi ndi ngs vere cons istent vi th the decis ion to releue the crev trca 
quarant ine . 

Samples trca the crewmen vere inJected i nto t iasue culture• , suck­
ling alee , JIIIYCOpluma •dia, and 6- md 10-dq old eaabr:yonated •ua . 
There vu no evidence or viral replication in any of the hoe t SJSte.l at 
the end ot 2 weeks . �ing .. ue firs t 8 dqs of teatinc the lunar aate­
ri al ,  all ti ndi np were COJapatible vi th crev release frca quarantine . 

lo a igni ticant trends vere noted in any biocheaical , t.aunololical , 
or hematolosical parameten in e1 ther the fiisbt crew or the • di cal sup­
port personnel . 
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The personnel in quarantine and in the crew reception area of' the 
Lunar Receiving Laboratory were approved for release from quarantine on 
August 10 , 1969 . 

Following decontamination using formaldehyde , the interior or the 
command module and the ground servicing equipment utilized in the decon­
tamination procedures were approved for release from quarantine on 
August 10 , 1969 . 

The samples or lunar material and other items stored in the biolog­
ical isolation containers in the Lunar Receiving Laboratory are scheduled 
ror release to principal scientific in?estisators in September 1969 . 

. ... , 
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Time ot �v report . 
hr :ain 

o-aader 

23 :00 10 :25 

a.8 :15 9 :� 

71 :24 9 : 35 

95 :25 6 : 30 

Total a 36 :10 

-., data &Tailable . 

TABLE 12 -I . - ESTIMATED SLEEP DURATIOIIS 

Estimated a110unt ot s leep ,  hr :min 

Tele.etry Crev report 

C�d Module Lunar Module Coalumd Module 
Pilot Pi lot 

COIIIIlander 
Pilot 

10 :10 8 : 30 7 :00 7 :00 

10 :10 9 : 15 8 :00 9 :00 

(a ) 9 :20 7 : 30 7 : 30 

6 : 30 5 : 30 6 : 30 6 : 30  

-- 32 : 35 29 :00 30 :00 

"' '  - �  ' 

Lunar Module 
Pilot 

5 : 30 

8 :00 

6 : 30 

5 : 30 

25 : 30 
I 

...... I\) I ...... ...... 

� d ...... 

........ 
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TABLI 12-li . - ME'l'ABOLlC RATES L''JRIIIG LIJIAR SURFACE EXPWRATIOI 

start i nc  Durn ion , Rate ,  Esti-te4 CU..IUativ� 
Eve at time .  aa: n  Btu/hr 

von . vorll. , 
hr :lllill Btu Btu 

c-du 

In! teal extrawhlc:ulv ac:tivity 109 : 1 3  11 900 165 165 
Ellviroa.ental r..tlivl zatlon l09:21a 3 eoo lao 205 
Pbotocraphy 109 :27 1 875 102 307 

C:CCit iiiCeiiC:T u.p1e c:ollec:t 1 CCI l09 : 31a 5 615 56 363 

Monitor c4 pbot.QCrLph Luaar MocliUe ?Uot 109 : 39  4 850 57 1120 
Dotploy televiaioa c:-r• Clll aurr .... 109 :43 2 3  750 288 708 

n .. and Prnldent '• ... ..., 110:06 12 825 lf 5 873 

au& a-.ple c:ollec:t 1"" 110 : 18 23 850 l26 1199 

Luaar IIOCllll" lnapec:tlon llO : Ia1 18 675 :!03 llao2 

ExperiMDt p..:ka«e depl�at 110 : 59 12 715 155 1557 

Doc:uaente4 a-.p1e c:o11ect1oa ill : 11  19 l2j0 396 1953 

Tranarer a•pl• reti.IJ'n c:oatalllan 111 : 30 1 11&50 169 2122 
Tel'll1nate extra,.ll1c:lllar ecthlty 111 : 37 2 1400 48 2170 

TOl'AL 146 2170 

Luav Module PUot 
Aa a la� llld IIODitor c-nder 109 : 1 3  26 1200 520 520 

In1t1d eatrawll1c:u1ar ac:t 1Y1ty 109 : 39  5 1950 16 3 68] 

Env1 raa.ental fai l 1ar1 zadon ; deploy telnia!OD 109:44 14 1200 28o 963 
�ab L> 

Dotpl 01 aolar vln4 expert.at 109 : 58 6 127� 128 1091 

Fl .. and Prea ideat ' •  ....... llO:Oio 14 1 350 315 lla06 

I:Yaluat loa or eztrawhlc:ular 110b illt.J unit 110 : 1 8  16 850 227 16JJ 

tunar 1104ule la�pect iOD 110 : ]k 19 875 271 1910 

Experl•nt � ... deplQ1MIIt 110 : 5 3  18 1200 360 2270 

Do�ntad aa.ple c:ol1ec:t1oa; ,..,.,., • .,. or aolar 1 11 : 11  12 1115? 290 256o 
v !Dd expnt.n\ 

TenL\nate eztr..,.ll lc:lllar IICt.lYI t.J ,  lacnaa , and .Ul:23 14 1650 385 29115 
trr111a ter e-.ple retum c:oataJ.Mra 

Aad1t lll4 .,altor � W : 37  2 1100 37 2* 

'rot'AL llo6 29&' 

1171'1 :  vat ... are rro. tba 1Dtqrat10D nr tbne llldepelldeat detel'lli D&Uau or •teolic: rate bMad CCI 
beal't rate , 4ec:er or OJO'IeD aupplT preaaure , •4 tllerll04r� c:a or the 11qll14 c:ooliac ..,..at. 
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- Initial extravehicular activity 
•Environmental familiarization 

-Photography 
•Contingency sample col lection 

• Monitor and photograph Lunar Module Pi lot 
•••llliDeploy television camera on surface 

- Flag and President's message -
-���-�Bu=lk�s:am:ple collection 

Lunar module inspection 
Experiment package deplo,ment -

Documented sample collection ___ _ 
Transfer sample return containers­

Terminate ex�avehicular activity I 

109:20 109:40 110:00 1 10:20 1 10:40 1 1 1 �00 1 1 1:20 1 1 1:40 

Time, hr:min 

(a) CCIIIIIUnder CCDRJ . 

••••Assist and monitor Commander 
• Initial extravehicular activity 

-Environmental familiarizations deploy television cable 
•Deploy sol• wind experiment - Fl, and President's message 

• Evaluation or •.iCtravehicullr mobility unit 
Lurw moclu!t inspection 

Experiment package deployment 
DocllnNnttcl s1mple collection; recowry of sollr wind experiment-

Terminate extravehicular activity, ingress, and trMsf• sample return containers-

j 120 
Assist and mc. .• ltar Commander• 
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(b) Lunar Module Pilot CLMPl.  
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13 . 0  MISSION SUPPORT PERFORMANCE 

13 . 1  FLIGHT CONTROL 

Preflight simulations provided adequate flight control training for 
all mis sion phases . Als o ,  the flight controllers on the descent team 
supplemented this training by conducting des cent simulati ons with the 
Apollo 12 crew . Interfaces between Mission Control team members and the 
flight crew were e ffective , and no major operational problems were en­
countered.  The two-wEzy flow of informat i on between the flight crew and 
the flight controllers was effective . The overloading of the lunar mod­
ule guidance computer during powered des cent was accurately assessed , and 
the information provid�d to the flight crew permitted continuation of 
des cent . 

The flight control respons e to thos e  problems identified during the 
mission was based on real-time data.  Sectione. 8,  9,  and 16 should be 
consulted for the post flight analyses of these problems . Three of the 
more pertinent real-time decisions are discussed in the following para­
graphs . 

At acquisition of signal after lunar orbit ins ertion , data showed 
that the indicated tank-B nitrogen pressure was about 300 psi lower than 
expected and that the pressure had started to decrea.c;e at 80 seconds int o 

· the maneuver ( see �ect.ion 16 . 1 . 1 ) . To conr3erve nitrogen and to maximize 
system reliability for trSI.searth injection , it was recommended that the 
circulari zat ion maneuver be performed using bank A only . No further leak 
was apparent , and both banks were used normally for transearth injection .  

Five computer program alarms occurred between 5 and 10 minutes after 
initiation of powered des cent . These alarms are symptoms of possible 
computer overloading. Howeve r ,  it has been decide d  before flight that 
bailout-type alarms such as these would not prevent continuing the flight , 
even though they �ould cause violations of other mission rules , such as 
velocity di fferences • The alarms were not continually occurring , and 
proper computer navigation fUnctions were being performe d ;  therefore , 
a decisi on was given to continue the des cent . 

During the crew rest period on the lunar surface , two checklist 
changes were recommended , based on the events of the previous 20 hours : 
( 1 )  the rendezvous radar would remain off during the as cent ·firing , and 
( 2 )  the mode-select switch would not be placed in the primary guidance 
position , thus preventing the computer from generating altitude and al­
titude rat e  for the telemetry displEzy . The reas on for these changes was 
to prevent computer overload during as cent , as had occurred during descent . 
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13 . 2  NETWORK PERFORMANCE 

The Mission Control Center and the Manned Space FHght Network were 
placed on mission status ou July 7 ,  1969 , and satis factorily supported 
the lunar landing mission . 

Hardware , communications , and computer support in the Mission Con­
trol Center was excellent . No major data losses were attributed to these 
systems , and the few failures that did occur had minimal impact on support 
operations . Air-to-ground communications were generally good during the 
mission ;  however , a number of signi ficant problems were experienced as a 
result of procedural errors . 

The s upport provided by the real-time canputer complex was generally 
e��ellent , and only one major problem was experienced. During translunar 
coast , a problem in updating digital-to-television displ�s by the primary 
computer resulted in the loss of all real-time television displ�s for ap­
proximately an hour . The problem was isolated to the interface between 
the canpt:ter and the displ� equipment . 

Operations by the collllllunications processors were excellent , and the 
few problems caused only minor losses of mission data. 

Air-to-ground voice communications were generally good , although· a 
number of ground problems caused temporary loss or degradation of commun­
ications . Shortly after landing on the lunar surface , the crew complained 
about the noise level on the S-band voice uplinked from Goldstone . This 
problem occurred while Goldstone was configured in the Network-rel� mode . 
The source of the noise was isolated to a breaking of squelch control 
caused by high noise on the cOlllllland module downlink being subsequently 
uplinked to the lunar module via the rel� mode . The noise was eliminated 
by disabling the rel� mode . On several occasions during the mission , 
spacecraft voi ce on the Goddard conference loop was degraded by the voice­
operated gain-adjust ampli fiers . In most cases the problem was cleared 
by dis abling this unit at the remote site . 

Command operations were good throughout the mission .  O f  the approxi­
mately 3450 execution commands transmittt!d during the mission , only 24 
were rejected by remote-site command computers and 21 were lost for un­
known reasons . Approximately 450 camnand loads were generated and suc­
cessfully trans ferred to Network stations , and 58 of these were uplinked 
to the space vehicle . 

Both C- and S-band tracking support was very good. Loss of tracking 
coverage was experienced during translunar injection when the Mercury ship 
was unable to provide high-speed trajectory data because of a temporary 

. .  



13-3 

problem in the central dat a processor .  Some stations als o experieLced 
temporary S-band pow�r amplifier failures during the mission . 

Network support of the s cienti fic experiment package fi'om deployment 
through earth landing was good. A few hardware and procedural problems 
were encountered;  however , the only signifi cant data loss was when the 
S-band parametric ampli fier at the Canary Island station failed just sec­
onds before lunar n:.odule as cent . Consequently , all seismi c package data 
were lost during this phas e ,  since no backup stations were available for 
support . 

Television support provided by Network an d  Jet Propulsion Laboratory 
faciliti es was good throughout the mission , particularly the support by 
the 210-foot stations at Parkes and Goldstone . 

13 . 3  RECOVERY OPERATIONS 

The Department of Defense provided recovery support commensurate 
with the probability of landing within a specified area and with arry 
special problems associated with such a landing. Recovery force deploy­
ment was nearly identical to that for Apollo 8 and 10 . 

Support for tqe primary landing area in the Pacific Ocean was pro­
·vided by the USS Hornet . Air support consisted of four SH-3D heli copters 
from the Hornet , three E-lB aircraft , three Apollo range instrumentation 
aircraft , and two HC-130 rescue aircraft stafed fi'om Hickam Air Force 
Base , Hawaii .  Two of the E-lB aircraft were designated as "Air Bos s "  and 
the third as a communications relay aircraft . Two of the SH-3D helicop­
ters carried the swimmers and required recovery equipment . The third 
heli copter was used as a photographic plat form , and the fourth carried 
the decontamination swimmer and the flight surgeon and was used for crew 
retrieval . 

13 . 3 . 1  Command Module Location and Retrieval 

Figure 13-1 depi cts the Hornet and associated aircraft positions at 
the time of caamand module landing at 195 :18 :35 ( 1650 G .m. t . ) .  The com­
mand module landed at a point calculated by recovery forces to be 13 de­
grees 19 minutes north latitude and 169 degrees 9 minutes west longitude . 

The command module immediately went to the stable II ( apex down ) 
flotation attitude after landing. The uprighting system returned the 
spacecraft to the stable I attitude 7 minutes 40 seconds later. One or 
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two quarts of water entere d  the spacecraft while in stal'le II . The swim­
mers were then deployed to inst�ll the flotation collar , and the decon­
tamination swimmer passed the bi0logi cal isolation ga1�ents to the flight 
crew , aided the crew into the life raft , and decontwnated the exterior 
surface of the command module ( s ee section 12 . 5 . 2 ) . After the command 
module hatch was closed and decontaminated , the flight crew and decont am­
ination swimmer washed each other with the d��ontaminate solution prior 
to being taken aboard the recovery helicopter.  The crew arrived c,r.board 
the Hornet at 1753 G .m.t . and entered the Mobile Quarantine Facility 
5 minutes later . The first lunar s amples to be returned were flown to 
Johnston Island , placed ab oard a C-141 aircraft , and flown to Houston . 
The second s ample shipment was flown from the Hornet rJ.rectly to Hickam 
Air Force Base , Hawaii , approximately 6-1/2 hours later and placed aboard 
a range instrumentation S.::.rcraft for transfer to Houston . 

The command module and Mobile Quar��tine Facility were offloaded in 
Hawaii on July 27 , 1969 . The Mobile Quarantine Facility was loaded 
aboard a C-141 aircraft and flown to Houston , where a brief ceremony was 
held . The flight crew a.rri ved at the Lunar Receiving Laboratory at 
1000 G.m . t . on July 2 8 ,  1969 . 

The command module was taken to Ford Island for deactivation . Upon 
completion of deactivation ,  the command module was shipped to Hi ckam Air 
Force Base , Hawaii and flown on a C-133 aircraft to Houston . 

A postrecovery inspection showed no signi fi cant discrepancies with 
the spacecraft . 

The following i s  a chronologi cal listing of events during the re­
covery and quarantine operations . 
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Event 
- Time , G.m.  t .  

Visual contact by aircraft 
Radar contact by USS Hornet 
VHF voice and recovery-beacon contact 
Command module landing ( 195 : 18 : 35 )  
Flotation collar inflated 
Command module hatch open 
Crew egress in biological isolation garments 
Crew aboard Hornet 
Crew in Mobile Quarantine Facility 
Command module lifted from watel· 
Command module secured to Mobile Quarantine Facility 

trans fer tunnel 

Ju1y 24 

1639 
1640 
1646 
1650 
1704 
1721 
1729 
1753  
1758 
1950 
1958 

Command module hatch reopened 2005 
Sample return containers 1 and 2 removed from command 2200 

module 
Container 1 removed from Mobile Quarantine Facility 2332 

Ju1y 2; 

Container 2 removed from Mobile Quarantine Facility 0005 
Container 2 and film launch to Johnston Island 0515 
Container 1 ,  film , and biological samples launched to 1145 · 

Hickam Air Force Base , Hawaii 
Container 2 and film arrived in Houston 1615 
Container 1 ,  film ,  and biological samples arrived in 2313 

Houston 

Command module decontaminated and hatch secured 
Mobile Quarantine Facility secured 

Mobile Quarantine Facility and command module 
offloaded 

Safing of ccmmand module pyrotechnics completed 

Mobile Quarantine Facility arrived at Houston 
Flight crew in Lunar Recebing Laboratory 

Ju1y 26 

0300 
0435 

Jul;y 27 

0015 

0205 

Ju1y 28 

o6oo 
1000 

Jul.y 30 

Command module delivered to Lunar Receiving L&borator,y 2317 
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14 . 0  ASSESSMENT OF M[SSlON OBJECTIVES 

The single primary miss ion objective for the Apollo 11 mission ,  as 
defined in reference 12 , was to perfonn a manned lunar landing and re­
turn safely to earth . In addition to the single primary objective , 
11 secondary objectives 1(ere delineated from the following tvo general 
categories : 

a .  Perfonn selenological inspection and sampling • I 

b .  Obtain data to as cess the capability and limitations of a man 
and his equipnent in the lunar environment . 

The 11 secondary obj ectives are listed in table 14-I and are described 
in detail in reference 13 . 

The following experiments were assigned to the Apollo 11 mission : 

a .  Passive seismic experiment ( S-031 )  

b .  Lunar field geology ( S-059 ) 

c . Laser ranging retro-refl�ctor ( S-078)  

d .  Solar wind composition ( S-080 ) 

e .  Cosmic r� detecticn ( S-15 1 )  

The single primary objective was met . All secondary objectives and 
experiments were fully satisfied except for the following : 

a. Objective G :  Location o f  landed lunar module . 

b .  Experiment S-059 : Lunar field geology 

These two items were not completely satis fied in the manner planned pre­
flight and a discussion of the deficiencies appear in the following para­
graphs . A full assessment of the Apollo ll detailed obJ ectives and ex­
periments will be presented in separate reports . 

14 . 1  LOCATION OF LANDED LUNAR MODULE 

It was planned to make a near real-time determination of the loca­
tion of the landed lunar module based. en crew observations . Observations 
by the lunar module crew during descent and after landins were to provide 
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information for locating the landing point using onboard maps . In addi­
tion , thi s information was to b e  transmitted to the Ccmmand Module Pilot , 
who was to use the sextant in an attempt to locate the landed lunar mod­
ule . Further , if it were not possible for the Command Module Pilot to 
resolve the lunar module in the sextant , then he was to track a nearby 
landmark that had a known location relative to the landed lunar module 
( as determined by the lunar module crew or the ground team) . 

'l'his near-real-time determination of the landed lunar module location 
by the lunar module crew was not accomplished because their attention was 
confined to the cabin during most of the visibility phase of the des cent . 
Consequently , their observations of the lunar features during des cent were 
not suffi cient to allow them to judge their position . Thei r observation 
of the large crater near the landing point di d  provi de an important clue 
to their location but was not sufficient in itself to locate the landing 
poi�t with confiden�e . 

On several orbital passes , the Command Module Pilot used the sextant 
in an attempt to locate the lunar module . His observations were directed 
to various areas where the lunar module could have landed,  based on ground 
data. These attempts to locate the lunar module were unsuccessful ,  and 
it is doubtful that the Command Module Pilot ' s  observations were ever di­
rected to the area where the lunar module was actually locateC:. . 

Toward the end of the lunar surface st� ,  the location of the landed 
lunar module was determined from the lunar module rende zvous radar track­
ing dat a ( confirmed postflight using descent photographic data) . However , 
the Command Module Pilot ' s  activities di d not perm.it his attempting another 
tracking pass after the lunar module location had been determined accu­
rately.  

This  objective will be repeated for tr..e Apollo 12 mission .  

14 . 2  LUNAR FIELD GEOLOGY 

For the Apollo ll mi ssion , the documented sample collection ( S-059 , 
Lunar Field Geology ) was assigned the lowest priority of any of the 
scientific objectives and was planned as cne of the last activities dur­
ing the extravehicular activity period. Two core tube samples were col­
lected as planned ,  and about 15 pounds of additional lunar s amples were 
obtained as part of this objective . However, time constraints on the 
extravehicular activity precluded collection of these samples with t�e 
d'!gree of documentation originally planned. 
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In addition , time did not penni t the collection of a lunar envir,�n­
ment sample or a gas analysis sample in the two special containers pro­
vided. Although these samples were not obtained in their special con­
tainers , it was possible to obtain the desired results using other samples 
contained in the regular samp!e ret�n containers . 
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TABLE 14-I . - DErAILED OBJECTIVES AND EXPERIMENTS 

Description 

A Contingency sample collection 

B Lunar surface extravehicular operations 

C Lunar surface operations with extravehicular 
mobility unit 

D Landi ng e:r'fect s on lunar module 

E Lunar surface characteristics 

F Bulk s ample collection 

G Location of landed lur,ar module 

H Lunar environment visibility 

I Assessment of contamination by lunar materi al 

L Televi sion coverage 

M Photographic coverage 

S-031 Passive sei smic experiment 

S-059 Lunar field geology 

S-078 Laser ranging retro-reflector experiment 

S-080 St.)lar wind compos ition 

S-151 Cosmic rS¥ detection 

T-029 Pilot describing function 

Completed 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Partial 

Yes 

Yes 

Yes 

Yes 

Yes 

Parti al  

Yes 

Y�s 

Yes 

Yes 
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15 . 0  LAUNCH VEHICLE SUMMARY 

The traJ ectory parameters of the AS-506 launch vehic] � from launch 
to translunar inj ection were all close to expected values . The vehicle 
was launched on an azimuth 90 degrees east of north . A roll maneuver was 
initiated at 13 . 2  seconds to place the vehicle on the planned flight azi­
muth of 72 .058 degrees east of north . 

Following lunar module ej ection , the S-IVB/instrument unit maneu­
vered to a sling-shot attitude that was fixed relative to local horizon­
tal .  The retrograde v�locity to perform the lunar sling-shot maneuver 
was accomplished by a liquid oxygen dump , an auxiliary propulsion system 
firing , and liquid hydrogen venting . The vehicle 's  closest approach of 
1825 miles above the lunar surface occurred at 78 : 42 :00 . 

Additional data on the launch vehicle performance are contained in 
reference 1 .  

' '  . 

. - rr����-�� � .-.,, . .  , .  -.·::r ·Jt. 
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16 .0  ANOMALY SUMMARY 

This  section contains a discussion of the signi fi cant problems or 
discrepancies nuted during the Apollo 11 mi ssion .  

16 . 1  COMHAND AND SERVICE MODULES 

16 . 1 . 1  Service Propuls ion Nitrogen Leak 

During the lunar orbit insertion firing , the gaseous nitrogen in 
the redundant service propulsion engine actuation system dec�ed from 
2307 to 1883 psis. ( see fig .  16-1 ) , indi cating a leak downstresm of the 
inj ector pre-valve . The normal pressure dec� as experienced by the 
primary system is approximately 50 psia for e ach firing. Only the one 
system was affected , and no performance degradation resulted.  This actu­
ati on system was used during the transearth injection firing , and no leak-
age was detected .  

The fuel and oxidi zer valves are controlled by actuators driven by 
nitrogen pressure . Figure 16-2 is representative of both nitrogen con­
trol systems . When power is applied to the servi ce �repulsion system in 
preparat ior. for a maneuver ,  the inject or pre-valve is opened ;  howeve r ,  
pressure is not applied t o  the actuators because the solenoid control 
valves are closed . When the engine is commanded on , the solenoid control 
valves are opened ,  pressure is applied to the actuator , and the rack on 
the actuat or shaft drives a pinion ge ar  to open the fuel and oxidi zer 
valves . When the engine is commanded off , the solenoid control valve 
vents the actuator and closes the fuel and oxidi zer valves . 

The most likely cause of the problem was contamination in one of the 
components downstresm of the inj ector pre-valVe , which isolates the nitro­
gen supply during nonfiring periods . The injector pre-valve was not con­
sidered a problem source because it was opened 2 minutes before ignition 
and no leakage occurred during that period.  The possibility that the 
regulator and relie f' valve were leaking was also eliminated since pres­
sure was applied to these components when the pre-valve was opened. 

The solenoid control valves have a history of' leakage , which has 
occurred either because of' improper internal air gap adjustment or be­
cause o: seal dsmage caused by contamination . The air gap adjustment 
could not have caused the leakage because an improper air gap vi th the 
pre-valves open would have caused the leak to remain constant . 
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Both of the s olenoid control valves in the leaking system had been 
found to be contaminated before flight and were removed from the system , 
rebuilt , and successfully retested during the acceptance test cycle . 

It is concluded that the leakage was due to a contamination-i nduced 
failure of a solenoi d control valve . The s ource of contamination i s  un­
known ; however ,  it was apparently removed from the sealing surface during 
the valve closure for the first lunar orbit insert ion maneuver ( fig . 16-2 ) .  
A highly suspect scurce is  a contaminated facili ty manifold at the vendor ' s  
plant . Although an investigation of the prior fai lure indicated the 
flight valve was not contaminated,  the facility manifold is still consid­
ered a poss ible source of the contami nants . 

Spacecraft for Apollo 12 and subsequent mi ssions have integral fil­
ters installed ,  and the facility manifolds are more closely controlled ;  
therefore , no further corrective action will b e  taken .  

This anomaly is  clos ed. 

16 . 1 . 2 Cryogenic Heater Failure 

The performance of the automatic pressure control system indi cated 
that one of the t"TO heater elements in oxygen tank 2 was inoperative . 
Data showing heater currents for prelaunch checkout veri fi ed that both 
he.ater elements were operational through the countdown demonstration 
test . However ,  the current readings recorded during the tank pressuri za­
tion in the launch countdown showed that one heater in oxygen tank 2 had 
failed.  This informat ion was not made known to proper channels for dis­
pos ition prior to the flight , s ince no specification limits were ealled 
out in the test procedure . 

Manufacturing records for all block II oxygen tanks showed t:'lat 
there have been no thermal-switch nor electri cal-'!ontinui ty failure.: il:, 
the program; two failures occurred during the insulation resistance tests . 
One failure was attributed to moisture in the connector .  After this unit 
was dried , it passed all acceptance tests . The other failure was iden­
t ified in the heater as sembly prior to installat ion in a tank . This was 
also an insulation problem and would not have prevented the heater from 
functioning normally . 

The cause of the flight failure was probably an intermittent contact 
on a terminal board in the heater circuit . The 16-gage wiring at the 
board has exhibited intermittencies sever� t imes in the past .  This is  
the :.ame type terminal board that was found to  be  the cause of  the con­
trol engine problem in thi� flight ( see section 16 . 1 . 3 ) . 

, . 
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Since the oxygen tank heaters are redundant , no constraints to the 
mission were created ,  other than a requirement for more frequent quantity 
balancing . 

The launch-site test requirem�nts have been changed to speci f.y  the 
amperage level to ve ri f.y  that both tank heaters are operational . Addi­
tionally , all launch-site procedures are being reviewed to determine 
whether specification limits are required in other areas .  

This anomaly is clos ed . 

16 . 1 . 3  Fai lure of Automati c  Coil in One Thruster 

The minus-yaw engine in command module reacti on control system 1 
produced low and errat i c  thrust in response to firing commands through 
the automatic coils of the engine valves . The spacecraft rates verif.y 
that the engine performed normally when fired using the direct coils . 

Electrical continuity through at least one of the parallel automatic 
coils in the engine was evidenced by the fact that the stabili zat i on and 
control system driver signals were normal . This ,  along with the fact 
that at least s ome thrust was produced ,  indi cates that one of the two 
valves was working normally .  

At the launch site , another engine undergoin6 checkout had failed to 
respond to commands during the valve signature tests . The problem was 
isolated to a faulty t.erminal board connector. This terminal board was 
replaced , and the systems were retested satisfactorily .  Because of this 
inci dent and because of the previous history of problems with the ter­
minal boards , these connectors were a prime suspect . 

Postflight tests showed that two pins in the terminal board ( fig .  
16-3 )  were loose and caused intermittent continuity to the automati c  coils 
of the engine valve . This type failure has previously been noted on ter­
minal boards manufactured prior to November 1967 . This board was manufac­
tured in 1966 . 

The intermittent contact vas caused by improper clip position rela­
tive to the bus bar counterbore . The impre>per positioning results in loss 
of s aue  side force and precludes :proper contact pressure against the bus 
bar. A design change to the base gasket was made to insure pos itively 
that the bus bar is correctly positioned. 

The location of pre-November 1967 terJDinal boards has been deter­
mined fran installation records , and it ha:s been determined that none are 
in circuits whi ch would jeopardize crew sa.f'ety . No action will be taken 
for Apollo 12 • 

This anomaly is closed. 

' i 
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16 . 1 . 4  Loss  of Electrolumines cent Segment in Entry Monitor System 

An electrolumines cent segment on the numeric di splay of the entry 
monitor system velocity counter would not illuminate . The segment is i n­
dependently swit ched through a logi c network which activates a sili con­
controlled re ct i fier to bypas s the light when not illuminat ed .  �he 
power source is 115 volts , 400 hert z . 

Four cases of similar malfunctions have been recorded.  One involved 
a segment which would not illuminate , and three involved segments which 
would not tu_·n off .  In �ach case , the cause was identified as misrouting 
of logi c wires in the circuit controlling the rectifiers . The misrouting 
bent the wires across terminal strips containi ng sharp wire ends . These 
sharp ends punctured the insulation and caused shorts to ground or to 
plus 4 volt s , turning the segment off or on , respectively . 

A rework of the affe cted ci rcuits took place in the process of sol­
dering crimp j oints involved in an Apollo 7 anomaly . An inspection to 
detect misrouting was conducted at this time ; howeve r ,  because of pot­
ting restrictions , the inspection was limited. A number of other failure 
me chanisms exist ir� circuit elements and leads ; however ,  there is no as­
soci ated failure hi�tory .  A generi c or des ign problem i s  considered un­
:::.ikely because of the number of satis factory activations sustaine d to 
date . 

The preflight checkout program is being examined to identi f.y pos si­
biliti es for improvement in assuring proper operation of all segments 
over all operating conditions . 

Thi� anomaly is closed . 

16 . 1 . 5  Oxygen Flow Master Alarms 

During the initial lunar module pressuri zation ,  two master alarms 
were activated when the oxygen flow rate was decre as ing from full-s cale . 
The same condition had been observed several times  during altitude­
chamber tests and during subsequent troubleshooting.  The cause of the 
problem could not be identified before launch , but the only consequence 
of the alarms was the nuisance factor . Figure 16-4 shows the basic ele­
ments of the oxygen flow sensing circui t .  

Note in figure 16-4 that i n  order for a master al arm  t o  occur , rel� 
Kl must hold in for 16 seconds , after which time rel�s K2 and K3 will 
clos e ,  activating a master alarm. 

........ 
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The capacitor shown is actually a part of an ele ct romagneti c inter­
ference filter and is required to prevent fluctuation of the amplifi er 
output to the volt age dete ctor.  Withou� the capacitor , a slow change in 
flow rate in the vicinity of the threshold voltage of relay Kl will cause 
this relay to continuous ly open and close ( chatter ) .  

Relay K2 has a slower dropout time than relay Kl ; there fore , i f  re­
lay Kl is chattering , relay K2 � not be affected , so that the 16-second 
time delay continues to time out . Cons equently , master alarms can be 
initiated without resetting the 16-second timer . 

The filter capacitor was open during postflight "Cests , and the master 
alarms were duplicated with slow , decreasing flow rates . 

There has been no previous failure history of these metali zed MYlar 
capacitors associated � ith the flow s ensors . No corrective action i s  
required .  

This anomaly i s  closed. 

16 . 1 . 6 Indicated Closure of Propellant Isolation Valves 

The propellant isolation valves on quad B of the servi ce module 
reaction control system closed during command and servi ce module separa­
tion from the S-IVB . A similar problem was encountered on the Apollo 9 
mis sion ( see the Anomaly Summary in ref .  14 ) .  Tests after Apollo 9 indi­
cated that a valve with normal magneti c  lat ch forces would close at 
shock levels as low u 87g with an 11-millisecond duration ;  howeve r ,  with 
durations in the e��ed range of 0 . 2  to 0 . 5  mi lliseconds , shock levels 
as high as 670g would not close the valves . The expected range of shock 
is 180g to 260g. 

Two valves having the nominal latching force of 7 pounds were selected 
for shock testing .  It was found that shocks of Bog for 10 milliseconds 
to shocks of lOOg for 1 millisecond would close the valves . The latching 
forces tor the valves were reduced to 5 pounds , and the valves were 
shock tested again . ·!'he shock required to close the valves at this re­
duced lat ching force was 54g for 10 milliseconds and 75g for 1 mi llisec­
ond. After completion of the shock testing , the valves were examined and 
tested,  end no degradation was noted. Higher shock levels ma_v have been 
experienced in flight , and further tests will be conducted. 

A review of the checkout procedures indicates that the latching 
force can be degraded only if the procedures are not properly implemented , 
such as the application of reverse .,-rent or ac to the circuit .  On 
Apollo 12 a special test has indicate& that the valve latching force hu 
not been Jegraad. 

I 



16-6 

Since there is no valve degradation when the valve is shocked closed  
and the crew checkli st contains precautionary information concerning 
these valves , no further action is neces sary . 

This anomaly is clos ed . 

16 . 1 . 7  Odor i n  Docking Tunnel 

An odor similar to burned wire ins ulation was detected in the tunnel 
when the hatch was first opened .  There was no evidence of di scoloration 
nor indications of overheating of the electrical circuits when examined 
by the crew during the flight . Several other sources of the odor were 
investigated , �ncluding burned particles from tower j ettison , outgassing 
of a silicone lubri cant used on the hat ch seal ,  and outgassing of other 
components used in the tunnel area. Odors from these sources were re­
produced for the crew to compare with the odors detected during flight . 
The crew stated that the odor from a sample of the docking hat ch ablator 
was very similar t o  that dete cted in flight . Apparently , removal of the 
outer insulation ( TG-15000 ) from the hat ch of Apollo 11 ( and subsequent ) 
res'llted in higher ablator temperatures and , therefore , a larger amount 
of outgassing odor than on previ ous flights .  

This anomaly is closed. 

16 . 1 . 8  Low Oxygen Flow Rate 

Shortly after launch , the oxygen flow measurement was at the lower 
limit of the instrumentation rather than indi cating the nominal metabolic 
rate of 0 . 3 lb /hr. Als o ,  during water separator cyclic accumulat or cycles , 
the flow indi cation was less than the expected full measurement output of 
1 . 0  lb /hr . 

Analysis of associated dat a  indi cated that the oxygen flow was norm­
al ,  but that the indicat ed flow rate was negatively biase d by approximately 
l. 5 lb/hr . Postflight tests of the trans ducer confirmed this bias , and 
the cause was associated with a change in the heater winding resi stance 
within the flow sensor bridge ( fig .  16-5 ) .  The resistance of the heater 
had increased frcm 1000 ohms to 1600 ohms , changing the temperature of the 
hot wire element which supplies the reference voltage for the balance of 
the bridge . Further testing to determine the cause of the resistance 
change is not practical because of the minute size of the potted resistive 
element . Depotting of the element would destroy available evidence of 
the cause of failure . Normally , heater resistance changes have occurred 
early in the 100-hour burn-in period when heater stability is  achieved . 

' 
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A de sign problem is  not indicated ; therefore , n '  action will be 
taken . 

This anomaly is clos ed . 

16 . 1 . 9  Forward Heat Shield Mort ar Lanyard Untied 

An apparent installation error on the forwa.Td heat shield mortar 
umbilical lanyard was found during postflight examination of Apollo 11 
in that all but one of the tie-wrap knots were untied .  This serles of 
knots secures the ti e-wraps around the electri cal bundle and functions 
to break the wraps during heat shield j ettison . 

The knots should be two closely tied half-hitches which secure the 
tie-wrap to the lanyard ( fig .  16-6 ) . Examination of the Apollo 10 lanyard 
indicates that these knots were not two half-hitches but a clove hitch 
( see figure ) . After the lanyard breaks the tie-wraps , i f  the fragment of 
tie wrap pulls out of the knot , the clove hitch knot can untie , thus 
lengthening the lanyard . Lengthening this lanyard as the umbili cal cable 
pays out can allow transfer of same loading into the umbi lical disconnects . 
Should a sufficient load be transferred to the dis connect fitting to 
cause shear pins to fail , a di sconnect of the forward heat shield mortar 
umbilical could result prior to the mort ar firing . This would prevent 
deployment of the forward heat shield separation augmentation parachute , 

· and there would be a pos sibility of forward heat shield recontact with 
the command module . Examinat ion of the forwnrd heat shield recovered 
from Apollo 10 confirmed that the mortar had fired and the parachute was 
properly deployed. 

Spacecraft llO and ill were examined. , and it was found that a clove 
hitch was erroneously us ed on those vehicles also .  

A step-by-step procedure for correct lanyard knot tying and instal­
lation has been developed for spacecraft ll2 . Apollo 12 and 13 will be 
reworked accordingly . 

This anomaly i s  closed. 

16 .1 . 10 Glycol Temperature Control Valve 

An apparent anomaly exists with the glycol temperature control valve 
or the related temperature control system. Temperature of the water/ 
glycol entering the evaporator i s  normally maintained above 42° F by the 
glycol temperature control valve , which mixes hot water/glycol with water/ 
glycol returning from the radiators ( see  fig .  16-7 ) . As the rad:f.ator out­
let temperature decreas-'!s , the te!llperature control valve opens to allow 

' 
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more hot glycol to mix with the cold fluid returning from the radiator 
to maintair. the evaporator inlet temperature at 42° to 48° F .  The con­
trol valve starts to close as the radiator outlet temperature increases 
and closes completely at evaporator inlet temperatures above 48° F .  If 
the automatic temperature cor.trol system is lnst , mar1Ual operation of 
the temperature control valve i s  available by deactivating the automatic 
mode . This is accomplished by position�ng the glycol evaporator tempera­
ture inlet switch from AUTO to MANUAL , which removes power from the con­
trol circuit . 

Two problems occurred on Apollo 11 , primarily during lunar orbit 
operations . First ; as �he temperature of the water/glycol returning from 
the radiators increase a ,  the temperature control valve did not close fast 
enough , thus producing &.n early rise in evaporator outlet temperature . 
Second , the evaporator outlet temperature decreased to 31° F during 
revolution 15 as the radiator outlet temperature was rapidly decreasing 
( see fig . 16-8 ) . The figure also shows normal operation of the valve 
and control system af'ter the problem . Both anomalies disappeared about 
the time the glycol evaporator temperature inlet switch was cycled by the 
crew during revolution 15 . The temperature control valve and related con­
trol system continued to operate satis factorily for the remainder of the 
mission .  

The control valve was removed from the spacecraf't , disassembled , and 
inspected. A bearing within the gear train was found to have its retainer 
disengaged from the race . The retainer was interfering with the worm gear 
travel . The c��e of the failure of the retainer is under investigation .  

This anomaly i s  open . 

16 . 1 . 11 Service Module Entry 

Photographic data were obtained of the service module entering the 
earth ' s  atmosphere and disintegrating near the command module . Preflight 
predictions indicated the service module should have skipped out of the 
earth ' s  atmosphere and entered a highly elliptical orbit . The crew ob­
served the service module about 5 minutes af'ter separation and indicated 
the reaction control thrusters were firing and the module vas rotating 
about the X plane . 

Based on the film , crew observation of the service module , and data 
from previous missions , it appears that the service module did not per­
form as a stable vehicle following command module/service module separa­
tion . Calculations using Apollo 10 data show that it is possible for the 
remaining propellants to move axially at frequencies approximately equal 
to the precessional rate of the service module spin axis about the X body 
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axis . This effect causes the movement to resonate , and the energy crans­
fer between the rotating vehicle and the propellants � be sufficient to 
ca�e the service module to go into a flat spin about the Y or Z axis and 
become unstable . 

Six-degree-of-freedom calculations , with a spring-mass propellant 
movement model , have been performed, and they do indi cate that a trend 
toward instability is caused by propellant movement . Certain trends 
exist now which indicate that the service module could flip over as a 
result of propellant movement and attain a retrograde component of re­
action control thrusting before going unstable . Service module separa­
tion instability is being reassessed to determine any change in the sep­
aration maneuver which m� be desirable to better control the traj ectory 
of the service module . 

Additional analysis is continuing to determine the cause of the 
apparent instability . 

This anomaly is open . 

16 . 2 LUNAR MCDULE 

16 . 2 . 1 Mission Timer Stopped 

The crew reported shortly after lunar landing that the missio� timer 
had stopped. They could not restart the clock at that time , and the power 
·to the timer was turned off to allow it to cool . Eleven hours later ,  
the timer was restarted and functioned normally for the remainder of the 
mission .  

Based on the characteristic behavior o f  this timer and the similar­
ity to previous timer failures , the most probable cause of failure is a 
cracked solder joint . A cracked solder j oint is the result of cordwood 
construction , where electrical components ( resistors , capacitors , diodes , 
etc . ) are soldered between two circuit boards , and the void between the 
boards is filled with potting compound ( fig . 16-9 ) • The differential ex­
pansion between the potting compound and the component leads causes the 
solder j oints to crack , breaking electrical contact . Presumably , the 
11-hour period the timP.r was off allowed it to cool sufficiently for the 
cracked joint to make electrical contact , and then the timer operated 
normally . 

There is no practical solution to the problem for units which are 
installed for the Apollo 12 mission .  However , a s creening (vibration and 
thermal tests and 50 hours of operation) has been used to select timers 
for vehicle installation to decrease the probability of failure . The 
Apollo 11 timer was exposed to vibration and thermal tests and 36 hours 
of operation prior to installation .  
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New mission timers and event timers which will be mechanicalzy and 
electrically interchangeable with present timers are being developed. 
These new timers will use integrated circuits welded on printed circuit 
boards instead of the cordwood construction and include design changes 
associated with the other timer problems , such as cracked glass and elec­
tromagnetic interference susceptibility . The new timers will be incorpo­
rated into the spacecraft when qualification testing is complete . 

This anomaly is closed. 

16 . 2 . 2  High Fuel Interface Pressure After Landing 

During simultaneous venting of the descent propellant �d supercrit­
ical helium tanks , fuel in the fuel/helium heat exchanger was frozen by 
the helium flowing through the heat exchanger . Subsequent heat soakback 
from the descent engine caused expansion of the fuel trapped in the sec­
tion of line between the heat exchanger and the engine shutoff valve 
( fig . 16-10 ) .  The result was a pressure rise in this section of line . 
The highest pressure in the line war. probably in the range of 100 to 
Boo psia ( interface pressure transducer range is 0 to 300 psia) . The weak 
point in the system is the bellows links , which yield above 650 psia and 
fail at approximately 800 to 900 psia. Failure of the links would allow 
the bellows to expand and relieve the pressure without external leakage . 
The heat exchanger , which is located in the engine compartment , thawed 
within abo,lt 1/2 hour and allowed the line pressure to dec� . 

On future missions , the solenoid valve ( fig.  16-10 ) will be closed 
prior to fuel venting and opened same time prior to lift-off. This will 
prevent freezing of fuel in the heat exchanger and will allow the super­
critical helium tank to vent later .  The helium pressure rise rate after 
landing is approximately 3 to 4 psi /hr and constitutes no constraint to 
presently planned missions • Appropriate changes to ope!'a.tional procedures 
will be made . 

This anomaly is closed. 

16 . 2 . 3  Indication of High Carbon Dioxide Partial Pressure 

Shortly after the lunar module ascent , the crew reported that the 
measurement of carbon dioxide partial pressure was high and erratic .  The 
secondary lithium hydroxide canister was selected,  with no effect on the 
indication . The primary canister was then reselected, and a caution and 
warning alarm was activated. 
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Prior to extravehicular activity , the environmental control system 
had been deactivated. This stopped the water separator and allowed the 
condensate that had collected in the separator to drain into a tank 
( fig . 16-11 ) . The draiu tank contains a honeycomb material designed to 
retain the condensate .  If the amount of condensate exceeded the effec­
tive surface of the honeycomb , water could have been leaked through the 
vent line and into the system just upstream of the sensor . ( Before the 
sensor became erratic ,  the Commander had noted water in his suit . )  Any 
free water in the optical section of the sensor will cause erratic per­
formance . The carbon dioxide content is sensed by measuring the light 
transmission across a stream of suit-loop gas . Any liquid in the element 
affects the light transmission , thus giving improper readings . 

To preclude water being introduced into the sensor from the drain 
tank , the vent line will be relocated to an existing boss upstream of the 
fans , effective on Apollo 13 ( see fig . 16-11 ) .  

This anomaly is �losed. 

16 . 2 . 4 Steerable Antenna Acquisition 

When the steerable antenna was selected after aequisition on revolu­
tion 14 , di fficulty was encountered in maintaining communications . The 
downlink signal strength was lower than predicted and several times de­
creased to the level at which lock was lost . Errors were discovered in 
the antenna coverage restriction diagrams in the Spacecraft Operational 
bata Book for the pointing angles used. In addition , the diagram failed 
to include the thruster plume deflectors , whi ch were added to the lunar 
module at the launch site . Figure 16-12 shows the correct blockage dia­
gram and the one that was used in the Spacecraft Operational Data Book 
prior to flight . Tne pointing angles of the antt!nna were in an aret. of 
blockage or sufficiently close to blockage to affect the coverage pattelT' . •  

As the antenna boresight approaches vehicle structure , the on-bore­
sight gain is reduced, the selectivity to incoming signals is reduced , 
and side-lobe interference is increased. 

Further ,  a preflight analysis showed that the multipath signal , or 
reflP.cted ray ( fig .  16-13) , from the lunar surface to the vehicle flight 
traJectory alone would be sufficient to cause sane of the antenna track­
ing losses . Also , the reduction in antenna selectivity caused by vehicle 
blockage increases the probability of multipath interferences in the an­
tenna tracking circuits . 

In conclusion , both the vehicle blockage and the multi path sign&l.s 
probably contributed to the reduced measured sign&l. . 

I I i 
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'!be nominal performance or the steerable antenna before and atter 
the time in question indicates that the antenna hardware operated proper­
ly .  

For tuture missions , the correct vehicle blockage and multipath con­
ditions will be determined tor the predicted flight trajectory . Opera­
tional measures can be employed to reduce the probability of this problem 
recu�ring by selecting vehicle attitudes to orient the antenna aw� from 
vehicle blockages and by selecting vehicle attitude hold with the antenna 
track mode switch in the SLEW or manual position through the time periods 
when this problem � occur . 

This anomaly is closed. 

16 . 2 . 5 Computer Alarms During Descent 

Five computer program alarms occurred during descent prior to the 
low-gate phase of the trajectory . The performance of guidance and con­
trol fUnctions was not affected. 

The alarms were of the Executive overflow type , which signifY that 
the guidance computer cannot accomplish all of the data processing re­
quested in a computation cycle . The alarms indicated that more than 
10 percent of the computational capac! ty or the computer was preempted 
by unexpected counter interrupts of the type generat�d by the coupling 
date ..mi ts that interrace with the rendezvous radar sbatt and trunnion 
resolvers (see tig . 16-14 ) .  

The computer is organized such that input/output interfaces are 
serviced by a central processor on a time-shared basis with other pro­
cessins tunctions . High-trequency data ,  such u accelercmeter and cou­
pling data unit inputs , are processed as counter interrupts , which are 
assigned the highest priority in the time-sharing sequence .  Whenever 
one or these pulse inputs is received, any lower priority computational 
task beins performed by the computer is temporarily suspended or inter­
rupted tor ll .  72 microseconds while the pulse is processed , then control 
11 returned to the Executive program tor res'UIIlption or routine operations • 

The Executive progr• 18 the J ob-schedulins and Job-superrlsins 
routine which allocatee the required erueable MIIIOry storase tor each 
Job request and decides which Job 18 pnu control ot the central pro­
cessor . It schedules the various repetitive routines or Jobs ( s .lCh as 
Servicer , the nancation and pi dance Job which is done eveey 2 seconds ) 
on an open-loop buis with respect to whether the Job scheduled on the 
previous CJCle vu cc.pleted. Should the cc.pletion ot a Job be slowed 
because hip-trequen07 coUDter interrupts •urp ucusift central pro­
cessor tiM , the lzecutift procra Will schedule the s•e Job qain and 
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reserve another memory storage area for its use . When the Executive 
program is requested to schedule a j ob and all locations are assigned,  
a program alarm is displ8iYed and a software restart is  initiated. A 
review of the jobs that can run during descent leads to the conclusion 
that multiple scheduling of the same job produced the program alarms . 
The cause for the multiple scheduling of jobs has been identified by 
analyses and simulations to be primarily counter interrupts from the 
rendezvous radar coupling data unit . 

The interrupts during the powered descent resulted from the con­
figuration of the rendezvous radar/coupling data unit /computer inter­
face . A s chematic of the interface is shown in figure 16-14 . When the 
rendezvous radar mode switch is in the AUTO or SLEW position , the excit­
ation for the radar shaft and trunnion resolvers is supplied by a 28-volt , 
800-hertz signal from the attitude and translation control assembly . 
When the switch is in the LGC position , the positioning of the radar 
antenna is controlled by the guidance computer , and the resolver excita­
tion is supplied by a 28-volt , 8oO-hertz source in the primary guidance 
and navigation system.  The output s ignals of the shaft and trunnion 
resolvers interface with the coupling data units regardless of the excit­
ation source . The attitude and translation control assembly voltage is 
locked in frequency with the primary guidance and navigation system 
voltage through the system ' s  control of the PCM and timing electronics 
frequency , but it is not locked in phase . When the mode switch is not 
in LGC , the attitude and translation control assembly voltage is the 
source for the resolver output signals to the coupling data units while 
the primary guidance and navigation system BOO-hertz voltage is used as 
·a reference voltage in the analog-to-digital conversion portion of the 
coupling data unit . Any difference in phase or amplitude between the 
two 800-hertz voltages will cause the coupling data unit to recognize a 
change in shaft or trunnion position , and the coupling data unit will 
"slew" ( digitally ) .  The "slewing" of the data unit results in the un­
desirable and continuous transmission of pulses representing incremental 
angular changes to the computer . The maximum rate for the pulses is 
6 . 4  kpps , and they are processed as counter interrupts . Each pulse re­
ceived by the computer requires one memory cycle time ( 11 . 7 microseconds ) 
to process .  I f  a maximum of 12 . 8  kpps are received (two radar coupling 
data units ) , 15 percent of the available computer time will be spent in 
processing the radar interrupts . (The computer normally operates at 
approximately 90 percent of capacity during peak activity of powered 
descent . )  When the capacity of the computer is exceeded , some repeti­
tively scheduled routines will not be completed prior to the start of 
the next computation cycle . The computer then generates a software re­
start and displ8iYs an Executive overflow alarm. 
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The meaningless counter interrupts from the rende zvous radar coupl­
ing dat a unit will not be processed by the Lumi nary lB program used on 
future missions . When the radar i s  not powered up or the mode switch is 
not in the LGC pos ition , the data ur. its wi ll be zeroed ,  preventing counter 
interrupts from being generated by the radar coupling dat a units . An 
additional change will permit the crew to monitor the des cent without 
requiring as much computer time as was required in Luminary lA .  

This anomaly is closed. 

16 . 2 . 6  Slow Cabin Decompression 

The decompres s ion of the cabin prior to extravehicul ar activity 
required longer than had been acti cipated. 

The crew cannot damage the hatch by trying to open it prematurely . 
Static tests show that a handle force of 78 pounds at 0 .25 psid ana 118 
pounds at 0 . 35 ps id :i,s required to permit air flow past the seal . The 
hat ch deflected only in the area of the handle . A handle pull of 300 
pounds at 2 psid di d not damage either the handle or the hat ch .  In addi­
tion , neutral buoyancy tests showed that suited subjects in 1/6-g could 
pull 102 pounds maximum . 

On Apollo 12 and subsequent vehicles , the b acteria filter will not 
be used,  thus reducing the time for decompression from about 5 minutes to 
less than 2 minutes . In addition , the altitude chamber test for Apollo 13 
included a partial cabin vent procedure whi ch verified satisfactory valve 
assembly operat ion without the bact�ria filter installed .  

This anomaly is clos ed. 

16 . 2 . 7  Electrolumines cent Segment on Display Inoperat ive 

An electroluminescent segment on the numeri c display of the abort 
guidance system data entry and display as sembly was reported inoperative . 
The affected digit i s  shown in figure 16-15 . With this segment inopera­
t ive , it was not possible to differentiate between the nume!·als 3 and 9 . 
The crew vas still ab le to us e the particular digi t ;  however ,  there vas 
some ambiguity of the readout . 

Each of the segments on the display is switched independently through 
a logic netvo�k which activates a sili con-controlled rectifier placed i n  
series with the s egments . The control circuit is different from that used 
in the entry monitor system velocity counter in this respect ( see section 
16 . 1 . 4 ) ,  &lthough both units are made by the same manufacturer. The pa��er 
source is 115 volts , 400 hertz , and can be varied tor intensity control • 
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One similar failure occurred on a delta qualification unit . The 
cause was a faulty epoxy process which resulted in a cracked and open 
electrode in the light emitting element . 

Circuit analysis shows a number of component and wiring failures 
that could account for the failure ; however , there is no history of these 
types of failure . The number of satis factory activations of all the seg­
ments does not indicate the existence of a generi c problem. 

In order to ensure proper operation under all conditions , for future 
missions a prelaunch test will activate all segments , then the intensity 
will be varied through the full range while the displ� is observed for 
faults . 

This anomaly is closed. 

16 . 2 . 8  Voice Breakup During Extravehicular Activity 

Voice-operated rel� operation during extravehicular activity CP'.lSed 
brcrutup of voice received by the Network . This breakup was associated 
with both crewmen but primarily with the Lunar Module Pilot . 

In ground tests , the conditions experienced during the extravehic­
ular activity were duplicated by decreasing the sensitivity of the lunar 
module downlink voice-operated keying control from 9 (maximum ) to 8 ,  a 
decrease of about 1 dB .  During chamber tests , lunar module keying by 
the extravehi cular communications system was demonstrated when the sensi­
tivity control was set at 9 .  The crew indicated that the pre-extravehicular 
activity adjustment should have been set in accordance with the onboard 
checklist (maximum increase ) .  The crew also verified that they did not 
experience any voice breakup between each other or from the Network , 
indicating that the breakup was probably caused by marginal keying of 
the voice-operated keying circuits of the lunar module downlink rel� . 

Voice tapes obtained of the Apollo 11 crew during altitude chamber 
tests were used in an attempt to duplicate the problem by simulating 
voice modulation characteristics and levels being fed into the lunar 
module camnunications system during the extravehicular activity . These 
voice tapes modulated a signal generator whi ch was received by and rel�qed 
through a breadboard ( mockup ) of the lunar module communication system. 
There was no discernible breakup of the rel�qed voice with the sensitivity 
control set at 9 .  

All analysis and laboratory testing to date indicates that the voice 
breakup experienced during the extravehicular activity was not an inherent 
system design problem. Testing has shown that any voice whi ch will key 
the extravehicular camnunication eyatea will &leo key the lunar module 
rel�q if the sensitivity control ie aet at 9 .  

l 
' i I 
I I 
I 
I 
I 
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The most probable caus e of the problem is a.n inadvertent low setting 
of the Commander ' s  sens itivity control . During extravehi cular activity , 
both crevmen use the Commander ' s  lunar module VOX circuit when t alking 
to the ground. Other less likely causes are degraded 'llOdula.tion from 
the ext ravehicular communicat i ons system or degradat ion of the lunar moe 
ule circuit gain between the VHF receiver and the Commander' s amplifi er .  
However , there are no known previous failures which resulted in degraded 
extravehicular communi cation modulation levels or degraded lunar module 
keying performance . 

This anomaly is closed. 

16 . 2 . 9  Echo During Extravehicular Activity 

A voice turnaround ( e cho ) We£ heard during extravehicular a.cti vi ty . 
At that t ime , the lunar module wa.s operating in a. reley mode . Uplink 
voi ce from the S-band wa.s proces sed and retransmitted to the two extra­
vehicular crevmen via. the lunar module VHF transmitter. Crew voi ce and 
data. were received by the lunar module VHF re ceiver and rela;yed to the 
earth vi a. the lunar module S-band transmitt er ( see fig . 16-16 ) .  The echo 
wa.s duplicated in the laboratory and resulte d  from mechanical acousti cal 
coupling between the communications carrier earphone and microphone ( fig .  
16-17 ) .  The crew i ndi cated that their volume controls were set a.t maxi­
mum during the extravehicular a.ct ivi ty . This s etting would provide a. 
le:vel of approximately plus 16 dBm into e ach crevman ' s  earphones . Isola­
tion between earphones and microphones , exr" us ive of a.ir path coupling , 
is approximately 48 dB .  The ground voice signal would therefore appear , 
a.t the mi crophone output , at a. level of approximately minus 32 dEDI. . As­
suming extravehicular communi cat ion keying i s  enabled ,  this signal would 
be proces sed and transmitted by the extravehicular communications system 
and would provide a level of approximately minus 12 dBm at the output of 
the lunar module VHF receiver. I f  the lunar module rela;y is enab led,  
this s ignal would be ampli fi ed and relcved to earth via S-band at a no­
minal output level .  

When the ltmar module voi ce-operated keying circuit is properly ad­
juste d ,  any signal that keys the extravehicular communi cations system 
will also key the 

·
ltmar module relq . There are indications that the 

lunar modul.e voice keying sensitivity vas set below maximum, as evidenced 
by the rel�ed voice breakup experienced by the Lunar Modul.e Pilot ( see 
section 16 . 2 . 8 ) .  Therefore , it would have been pos sible for the extra­
vehicul.ar communi cations system to be keyed by breathing or by suit air 
flow without this backgrotmd noise being relqed by the lunar module . 
However ,  the uplink turnaround voi ce could provide the additional lunar 
modul.e received audio aisn&l. lftvel to operate the voice-operated ke;yiq 
circuits , permi ttins the signal to be returned to the earth . The crew 
indicated that the voice-operated keyins circuits in the extravehicul.ar 
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communications system were activated CJ suit air flow for some positions 
of the head in the helmet . Both voi ce-operated keying circuits were also 
keyed by bumping or rubbing of the communications carrier against the 
helmet . The random echo problem is inherent in the communication system 
design , and there does not appear to be any practical w� to eliminate 
random voice keying or significantly reduce acoustical coupling in the 
communications carrier . 

A procedure to inhibit the remoting of downlink voice during periods 
of uplink voice transmissions will be accomplished to eliminate the echo . 
The capsule communicator ' s  console will be modi fied to allow CAPCOM sim­
plex operation ( uplink only , downlink dis abled )  during uplink transmis­
sions as a backup mode of operation i f  the echo becomes objectionable . 
The ground system , however , will still have the echo of CAPCOM when using 
the simplex mode . 

This anomaly is closed . 

16 . 2 . 10 Onboard Recorder Failure 

The data storage electronics assembly did not record properly in 
flight . Post flight pl�b-ack of the tape revealed that the reference 
tone was recorded properly ; however , the voice signal was very law and 
recorded with a 400-hert z  tone and strong background noise . Occasion­
ally , the voice level was normal for short periods . In addition , only 
the 4 .6-kilohertz timing signal was recorded. This signal should have 
switched between 4 . 2  and 4 . 6  kilohertz to record the timing co�e . 

During post flight tests , the recorder functioned properly tor the 
first 2 hours of operation .  Then , the voice channel tailed and recorded 
no voice or background noise , although timing and reference tones were 
recorded properly . 'rhis failure does not duplicate the flight results , 
indicating that it did not exist in flight . 

Tests with the recorder installed in a lunar module were performed 
to determine the vehicle wirins failures that could cause the signals 
found on the flight tape .  An open in both the timiq signal return line 
and the voice signal line would dupli cate the problem . Similar broken 
wires were found in LTA-8 during thel"'llal/vacu'la tests . The JD08t likei, 
cause of the failure was two broken wires ( 26 18&8 ) in the vehicle har­
ness to the recorder. For Apollo l2 thro'Uih 15 , the wire harne81 at the: 
recorder connector will be wrapped with tape to stiffen it and provide 
protection against flexure daace .  For Apollo 16 and aubsequent • a sheet 
metal cover will be added to protect the harne81 . 

. .... .__ 
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�eflight data from the launch site checkout procedure show that 
both the timing inputs and the internally generated reference frequen� 
were not within specification tolerances and � be indicative of a pre­
flight problem with the system. The procedure did not speci� acceptable 
limits but has now been corrected. 

This anomaly is closed. 

16 . 2 . 11 Broken Circuit Breaker Knob 

The crew reported after completion of extravehicular activity that 
the knob on the engine arm circuit breaker was broken and two other cir­
cuit breakers were closed. The engine arm circuit breaker was success­
fully closed when it was required for ascent , but loss of the knob would 
not allow manual opening of the breaker. 

The most probable cause of the damage was impact of the oxygen purge 
system ( aft  edge ) during preparation for extravehicular activities ; such 
impact was demonstrated in simulations in a lunar module . 

Circuit breaker guards will be installed on Apollo 12 and subsequent 
vehicles to prevent the oxygen purge system from impacting the circuit 
breakers . 

This ananaly is closed. 

16 . 2 . 12 Thrust Chamber Pressure Switches 

The switch used to monitor the quad 2 aft-firing engine {A2A) exhib­
ited slow response to Jet driver commands during most of the mission .  
During an 18-minute period just prior to terminal phase initiation , the 
switch failed to respond to seven consecutive minimum impulse commands . 
T'uis resulted in a master alarm and a thruster warning flag , which were 
reset by the crew . The engine operated normally , and the switch failure 
had no effect on the mission.  The crew did not attempt any investiga­
tive procedures to determine whether the engine had actually failed. A 
section drawing of' . the switch is shown in figure 16-18 . 

This failure was the first of' its type to be observed in flight or 
in ground testina . The switch closina response ( time of Jet driver "on" 
command to switch closure ) appeared to increase from an average of about 
15 to 20 milliseconds during station-keeping to 25 to 30 milliseconds at 
the time of failure . Normal svi tch closina response is 10 to 12 milli­
seconds based on ground teat results . The closing response remained at 
the 25- to 30-milliaecond level follovina the failure , and the svi tch 

"-·-. 
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continued to fail to respond to salle minimum impulse commands . The switch 
opening time (time from Jet driver "off" command to switch opening ) ap­
peared to be normal throughout the mission .  In view of these results , 
it appears that the most probable cause of the switch failure was partic­
ulate contamination in the inlet passage of the switch . Contamination in 
this area would reduce the flow rate of chamber gases into the diaphragm 
cavit; · ,  thereby reducing the switch closing respC'Jnse .  However ,  the contam­
ination would not necessarily affect switch opening response since normal 
chamber pressure tailoff requires about 30 to 40 milliseconds to decrease 
from about 30 psia to the normal switch opening pressure of about 4 psia. 
The 30- to 40-millisecond time would probably be sufficient to allow the 
gases in the diaphragm cavity to vent such that the switch would open 
normally . 

The crews for future missions will be briefed to recognize and 
handle similar situations . 

This anomaly is closed. 

16 . 2 .13 Water in One Suit 

After the lunar module achieved orbit , water began to enter the 
Commander ' s  suit in spurts ( estimated to be l tablespoonful ) at about 
!-minute intervals . The Ccamander iDIIlediately selected the secondary 
water separator , and the spurts stopped after 15 to 20 minutes .  The 
�purts entered the suit through. the suit half vent duct when the crewmen 
were not wearing their helmets . T'ne pressures in all liquid systems 
which interface with the suit loop were normal , indicating no leakage . 

The possible sources ot tree water in the suit loop are the water 
separator drain tank , an inoperative water separator , lucal condenaation 
in the suit loop , and leaka«e through the water separator selector valve . 
(see fig .  16-11 ) .  An evaluation of each of these possible sources indi­
cated that leakage through the water separator selector valve was the 
most probable source ot the free water. 

The flapper type valve i8 locate d in a Y-duct arrangement and is 
used to select one of two water se�.u-ators . Leakage of this valve would 
allow free water to bypass throUSh th'J idle water separator and subse­
quently enter the suit hoee . This leaka«e JDOet probably resulted trom 
a misalignment and binding in the slot ot the selector valve actuation 
linkage (see tig . 16-19 ) • The allowable actuation force after linkage 
rigins vas 15 pounds . The usU&l actuation forces have been 7 to 8 pounds , 
but 12 . 5  pounds vas required 011 Apollo 11 .  The allowable actuation force 
has been lowered to 10 pounda , and inspections tor linkage bindins have 
been incorporated into prooed'IU"H at the tactoey and the la\mch ai te . 

This an� 11 cloeed • 
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16 . 2 . 14 Reaction Control System Warning Flags 

The crew reported thrust chamber assembly warning flags for three 
engine pairs . Quad 2 and quad 4 warning flags for system A occurred 
simultaneously during lunar module station-keeping prior to descent 
orbit insertion . Quad 4 flag for system B appeared shortly thereafter 
and also twice just before powered descent initiation . The crew believed 
these flags were accompanied by master alarms . The flags were reset by 
cycling of' the caution and wa�ning electronics circuit breaker. Suffi­
cient data are not available to confirm any of' the reported conditions . 

One of' the following � have caused the flag indications : 

a. Failure of' the thrust chamber pressure switch to respond to 
thruster firings . 

b .  Firir3 of' opposing thrusters � have caused a thrust chamber­
on failure indication . 

c .  Erroneous caution and warning system or displS¥ flag operation . 

The first two possible causes are highly unlikely because simultane­
ous multiple failures would have to occur and subsequently be corrected. 
The third possible cause is the most likely to have occurred where a 
single point failure exists . Ten of' the sixteen engine pressure switch 
outputs are conditioned by the ten buffers in one module in the signtil 
conditioner electronics assembly ( fig . 16-20 ) .  This module is supplied 
with +28 V de tl .... ough one wire . In addition , the module contains an 
oscillator which provides an ac voltage to each of' the ten buffers . If' 
either the +28 V de is interrupted or the oscillator fails , none of' the 
ten buffers will respond to pressure switch closures . If' engines mon­
itored by these buffers are then commanded on , the corresponding warning 
flags will cane up and a master alarm will occur. 

If'  +X translation were commanded ( fig . 16-21) ,  the down-firing �n­
gines in qllB.ds 2 and 4 of' system A could fire , giving flags 2A and 4A. 
A subsequent minus X rotation could fire the forward-firing thruster in 
quad 4 of' system B and the aft-firing thruster in quad 2 of' system A ,  
giving flag 4B . The aft-firing engine in quad 2 of' system A (A2A) is 
not monitored by one of' the ten butters postulated tailed. The tailure 
then could have cleared i tselt. The response ot the vehicle to thruster 
firings would have been normal under these condi tiona . There is no 
history ot similar tailures either at package or module level in tb� 
signal conditioner electronics usembq . No corrective action will be 
taken . 

This anomaly is ·closed. 

' 
.... __ 



16-21 

16 . 3 GOVERNMENT-FURNISHED EQUIPMENT 

16 . 3 . 1  Televis ion Cable Retained Coiled Shape 

The cable for the lunar surface televis ion camera retained its coiled 
shape after being deployed on the lunar surface . Loops resulting from 
the coils represented a potential tripping hazard to the crew . 

All the changes that have been investigated relative to changes in 
cable material and in stowage and deployment hardware have indicated only 
minimal improvement in deployed cable form , together with a weight penalty 
for the change . No hardware changes are planned. 

This anomaly is closed. 

16 . 3 . 2  Mating of Remote Control Unit to Portable Life Support System 

During preparation for extravehicular activity , the crew experienced 
considerable difficulty in mating the electrical connectors from the re­
mote control unit to the portable life support system. For rotational 
polarization alignment , it was necessary to grasp the c��la insulatton 
because the coupling lock ring was free for unlimited rotation on the 
connector shell (see fig . 16-22 ) .  

For future missions , the male half of the connector has been replaced 
with one which has a coupling lock ring with a positive rotational posi­
tion vi th the connector shell and can be grasped for firm alignment of 
the two halves . The ring is then rotated 90 degrees to capture and lock . 
In addition , easier insertion has been attained with conical t ipped con­
tact pins in place of hemispherical tipped pins . 

This anomaly is closed. 

16 . 3 . 3  Difficulty in Closing Sample Return Containers 

The force required to close the sample return containers was much 
higher than expected. This high closing force , coupled vi th the inst­
ability of the descent stage work table and the lack of adequate reten­
tion provisions , made closing the containers very difficult . 

Because of the container seal , the force required to close the cover 
reduces with each closure . The crew had extensive training with a sample 
return container which had been opened and closed many times , resulting 
in closing forces lower than the maximUIIl limit of 32 pounds . 
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The container used for the flight had not beer. exercised as had the 

container used for training . In addition , the cleaning proce dures used 
by the contractor prior to delivery removed all lubricant from the lat ch 
linkage sliding surfaces . Tests with s imilar containers have shown that 
the cleaning procedure caus ed an increas e in the clos ing force by as much 
as 24 pounds . 

A technique for burnishing on the lubri cant after cleaning has been 
incorporated. As a result , containers now being delivered have closing 
forces no greater than 25 pounds . 

Over-center lucking mechanisms for retaining the containers on the 
work table will be installed on a mock-up table and will be evaluated 
for possible incorporation on Apollo 13 and subsequent . 

This anomaly is clos ed . 

I 
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17 . 0  CONCLUSIONS 

The Apollo 11 mis sion , including a manned lune.r landing and surface 
exploration , was conducted with skill , precision , and relative ease . The 
excellent performance of the spacecraft in the preceding four flights awl 
the thorough planning in all aspects of the program permittei the safe and 
efficient execution of this mission . The following conclusioL s are dra� 
from the information contained in this report . 

1 .  The effectiveness of preflight trai n.:.1.g was reflectt J in the 
skill and precision with whi ch the crew execu-�ed the lunar lat :l >�e. • Man­
ua.l control while maneuvering to the desired landing point was ., }.tis fac­
to�ily exercise d .  

2.  The planned techniques involved ir. the guidance , navi gr.ti :m ,  
and control of the des cent traj ectory were good. Performance of �l·e land­
ing radar met all expectations in providing the information requi:r-( 1 fo.,. 
des cent . 

3.  The extravehi cular mobility units were adequately designed to 
enable the crew to conduct the planned activities . Adaptation to 1/6-g 
:was relatively quick , and mobility on the lunar surface was easy , 

4 .  The two-man prelaUnch checkout and countdown for as cent from 
the lunar surface were well planned and executed . 

5 .  The timeline act :t.vities for all phases of the lunar landing 
mission were well within the crew ' s  capability to perform the required 
t asks . 

6 .  Th� quarantine operation from spacecraft landing until release 
of the crew , spacecraft , and lunar samples from the Luni:l.r Receiving Lab ora­
to� was accomplished successfully and without � violation of the quar­
antine , 

1 .  No rdcroorganisms from extraterrestrial source were recovered 
from either the crew or the spacecraft • 

8 .  'l't'.e hardW&l'e problems experienced on this mission , as on pre­
vious manned missic-� ,  were of a nature which did not und� haper the 
crev or result in the compromise of saret7 or mission objectives . 

· 

9 .  The MiBBion Control Center and the Manned Sp&.ee Flisht lletwork 
proved to be adequate tor controlling and monitoring &11 phases of the 
flight , including the descent , surface activities , and ascent phues of 
the mission . 
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APPENDIX A - VEHICLE DESCRIPTIONS 

Very few changes were made to the Apollo 11 space vehicle from the 
Apollo 10 configuration . The launch escape system and the spacecraft / 
launch vehicle adapter were identi cal to those fer Apollo 10 . The few 
minor changes to the command and service modules ,  the lunar module , and 
the Saturn V launch vehicle are dis cussed in the following paragraphs . 
A de scription of the extravehi cular mobi lity unit , the ltmar surface ex­
periment equipment , and a listing of spacecraft mass properties are also 
presented. 

A .l  COMMAND AND SERVICE MODULES 

The insulation in the area of the command module forward hat ch was 
modified to prevent the flaking which occurred during the Apollo 10 lunar 
:module pressurization .  The feedback circuit in the high gain antenna vas 
slightly changed to reduce servo dither. In Apollo 10 , one of the three 
entry b atteries vn.s modified to make us e  of cellophane sepat·ators . The 
flight results pr.:>ved this material supe-rior to the Fermion-type previ­
ously used and f..:>r Apollo 11 all three entry batteries had t �e cellophane 
separators . The b attery chargers were modifi ed to produce a higher charg­
ing capacity .  The secondary bypass valves for the fuel cell coolar.t loop 
were changed fran an angle-cone seat design (block II ) to a ningle-angle 

· seat (block I )  to reduce the possibility of parti culate contaminatioo . 
As a replacement for the water/gas separation bag which provt�d ineffective 
during Apollo 10 , an in-line dual membrane separation device vas added to 
both the water gun and the food preparation unit . 

A .2  LUNAR MODULE 

A . 2 . 1  Structures 

The most signi fi cant structural change was the added provis i oos for 
the functic:mal early Apollo s cient i fi c  experiment package and the modular 
equipment stowage as sembly , both of which housed the experiments and tools 
used during the lunar surface activiti es . Another change was the addition 
of the re act i on  control system plume deflectors . 

Changes to the landing gear included removing the lunar surface sen­
sing probe on the plus Z gear and lengthening the remai ning pr!be s and 
increasing the s li ding clearance of the landing gear struts to �rmi t 
tull strcite at extreme temperature condi tic:ms . 

I 
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A. 2 . 2  Thermal 

A change from Kapton to Kel-F was made to the descent stage base 
heat shield to preclude the possibility of  interference with the landing 
radar . Also , insulation was added to the landing gear and probes to ac­
commodate the requirement for descent engine firing until touchdown . 

A .2 . 3  Communi cations 

The major modi fi cations to the communi cations systems included the 
addition of an extravehicular activity antenna for lunar communi cations 
between the crew , and the lunar module , and an S-band erectable antenna 
to permit communications through the lunar module communi cations system 
( fig. 16-16 ) while the crew was oo the surface . 

A television camera, as used on the Apollo 9 mi.ssioo , was stowed in 
the descent stage to provide televisioo coverage of the lunar surface 
activities . 

A.2 . 4  Guidance and Control 

The major di fference in the guidance and control system was the re­
design of the gimbal drive actuator to a constant damping system rather 
than a brake.  This was redesi�,ad as &. result of the brake failing in 
both the di sengaged and engaged poaiti oo .  This change also required mod­
ification of the descent engine control as sembly and the phase correcting 
network to eliminate the possibility of inadvertent caution and warning 
alarms . 

The exterior t!'acking light had improvements in the flash head and 
in the puls e-forming network . 

The pushbuttons for the dat a entr.r and dis:pla;y assembly were re­
wired to  preclude the erroneo;.ts caution and warning alarms that had 
occurred on the Apollo 10 flight . 

The guidance and navigatioo optics system wss modified by the addi­
tion of Teflon locking rings t o  the sextant and the scanning telescope 
to prever;t the rotatioo cf eye gti.ards und�r zero-g condi tiona . 

The deletion of' unmanned ccnt ro1 capability permitted removal of' 
the ascent engine arming assembly . 
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Tbe inJector tilter tor the aacent propulaion 17atea vaa modi fied 
becauae the tine ••h in the oricin&l filter vaa cauaint a chance in the 
llixture ratio . An additional chance vu the incorporation ot a ligbt­
veipt thruat cbaaber. 

A . 2 . 6  ID'riroaaent&l Control 

Ill the· enviroDMnt&l control a)"at• , a au:lt coollq aaaeab� ud vater 
boae \abllic&la vere added to the air re"litalisation aectiOD to proYide 
a4dit10D&l crev coollq capablllt7 . Aa a reault , the cabin air recircu­
latioa ua•bl7 , the cabin temperature cODt.rol ftl.n , ud the repaera-
tl n beat exchanaer vere deleted. Alao , a recbmdant vater recul.ator vaa 
added to the aecODd.arJ coolut loop in the water .u..-nt aectlOD . 

In the · en'riroaaent&l control lf8t• rel� box in the OX¥1•n ud cabin 
pre11ure cODtrol ae:tiOD ,  a prea.:\&l"e traaeducer vaa replaced b7 a auit 
preaaure avitcb to �._ reliabilit7 . 

Tbe lu41q radar electronic• ua•b!T vaa recODtiCUNd to protect 
acatnat a cc.puter ltrobiq pula• tbat vu pro'ri41q vbat appeared to be 
wo pulaea to the ncl&r .  ADotiwr mclit1cat10D pendtted the crev to 
break tracker lock ud to atart a aearcb tor the Min be• in the eYeDt 
tbe radar pul.ae locked ODto the ati"\\Cture or ODto a aida lobe • Tbe lunar 
retlect1Y1t7 attenuation chvacteriatlca nre updated in the radar elec­
tronica to accOUDt tor tbe updated IJ\II"ft7or 4ata u4 lu41Da radar fiipt 
teata . To pel'llit correlatiOD betVHD tbe inel"ti&l MUurant UDit of 
tbe pria&r7 plcluce qat• u4 the letwork , a loclc obanp pendtte4 tbe 
lateral nlocit7 to be u output eipal of the len4iq radar . A t\artber 
dalip cbuce vaa M4• to prewsat the laa41DI n4ar trc. acceptlDa noiae 
apikea .., a pulae in the "feloc1t7 blu ei"'''O' alp&l t.talla . 

'1'M reateswua n4&r daelp ob_.. 1Dclll4a4 a .,.. aelt-t"t 1epnt 
to prorida low te.perat\&N ltabillt7 vitb tbe lov-trequaDq u4 a14-
trequaq cc.poeite alp.aJ.. In .&U.tlOD , beaten wre ll44e4 to the � 
uaeab� uct the cable wrap to .ao 1 :late tbe 1\a&l' at-r tellperature 
req\d.NMDta . A MDU&l "f0t1DC ONI"rlde nitob pendtte4 tbe ctNW to 
aeleot el tber the prtaarJ or aeooa&u7 IJI'O 1apata • 
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A .2 . 8  Diapl�s .nd Control• 

Circuit breakers were added tvr the abort electroni cs u aembly and 
the utili ty light . A ci rcuit breaker vas added tor the abort electronics 
usembly to protect the de bus , and another ci rcui t breaker vu add·!d to 
accoaodate the transfer ot the uti lity llsbt to the de bus to provi de 
redund.n� llS}1t . 

The ci rcuit breaker tor the envirOillDental <.'Ontrol syatem sui t and 
cabin repressuri zation tunction vaa deleted in �.;onjunctina with the modi ­
tication ot the suit coolin& uaelllbly .  In ackU tion ,  a low-level caution 
and vamina i ndication on the aecondar,y water tPlCOl acCUIIU.lator hu been 
provided .  

Cbanps t o  the caution and vaminc electroDi ca uaellb}¥ included the 
inhibi tina ot the landing radar tempe ratu..._.. &lana and the prevention ot a 
M8ter &lana durins inverter aelection and ... ter &lana avit c.hins . 

Muter &lana fUnct ions which were eliai nah d include the descent 
helium refNl.ator vamins p'l"ior to preaauris at� ,.. , vi th the deacent encine 
control u aemb ly ;  t he reaction cont rol ayatem thrust cbuaber uaemb}¥ 
varninc vith quad circuit breaken open ; the rendezvoua radar caut ion when 
placinc the mode '"lect avitcb in the auto-track po.ition ; and the delet� ":�l 
ot the reaction control ayatem qu� teiiperature &1.&1"11. 

Cr..utioo and varni nc tunctiooa which were dlaleted include the lancUnc 
radar velo"i ty "data no-.ood'' and the diet cent propellant low-level quant ity 
which vu chanpd to a low-level quantity incUcatioa lilbt only . 

A turthlllr Chanae included the �de4 capability ot beinc able to reaet 
the abort elect ronics uae•l¥ caution an4 varninc channel with the vater 
qu&Dtity teat evitcb . 

A a:>cSi ti catioo vu MM to the enai• atop avitcb lat .:o• nc •chani• 
to inaure pos itive latcbi� ot the lvitch . 

The vute ...... nt qltea vu cb..sp4 to a one-larp an4 tive-a..U 
urine container cont1 praUon . 

A4cUt1oaal etov ... inclu4e4 provil iODI tor a eecoa4 Bueelble4 
e-ra, a total or tvo port ab le  U te eupport •r•te• an4 ftllelte control 
Wlitl , tvo pair• ot lUDar ownboee , ..s·: a t.edltater collecticr b .. .  The 
:c.Mncler h� an attitude coatroller •••1¥ lock •cb•1• a&tacS. 
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A . 3  EXTRAVEHICULAR II>BILI'l'Y UNIT 

The extravehicular mobility unit provides li te support in a press ur­
ized or unpreaaurized cabin and up to 4 hours ot extravehicular li fe sup­
port . 

In ita extravehicular contisuration the extravehicular .ability unit 
vas a cloaed-circuit pressure veaael that enveloped the crevaan . Tbe en­
vi�nt inside the pressure vessel consisted ot 100-percent �sen at a 
nalinal pressure ot 3 . 75 peia. Tbe oxysen vu provided at a tlov rate ot 
6 cubic teet per llinute . Tbe extravehicular li te support equiJaent con­
tisuration is shown in tisure A-1 . 

A . 3 . l  Liquid Coolinc O&raent 

Tbe liquid c()t)linc praent vu vom 'b7 the cl"fttlen vbUe in the lunar 
.odule and durinc all extrawhicular activity . It provided cool• nc durin& 
extravehicular and intrafthicular 41Ctivity 'b7 absorbinc boq heat and tl·ana ­
tarrinc excessive beat to the subllaator in the portable lite support sys­
t• . The liquid coolinc car.ent vu a oae piece , lone aleeftd , intean.ted 
stockin& undercaraent ot nettinc •ter1a1 .  It conaiated ot an inner liner 
ot �lon ch1 ttoo , to tacilitate dolmlnc , and an outer lqer ot �lon Span­
dex into vh1ch a network ot 'l'fcon tubinc vu vOYen . Cooled vater ,  supplied 
trc. the portab le li te support s11t• or rrc. the envirouental control 
Jyst• , vu p�d tbroucb the tub1na . 

A . 3 . 2  Pressure Oar.ent Alseablr 

Tbe pressure car.ent useablr vu tbe bM1c pressure wssel ot tbe 
extrawhicular mb1lity unit . It vould baw proT14ed a aile lite sup­
port ababer it cabin pn .. ure ba4 been lo.t due to leau or puncture ot 
the whicle . 'l'he pre1sure pn10t Mleablr cauieted or a belMt , tono 
and l1ab 1ult , intrawbicnalar al0ftl 1 .ad ftl"iCNI control• •d 1Diti'\IMn­
tatiOD to �de tbe cJ'ftiiU Vi'C.b a GCDtroU.d nYii'ODMilt . 

'l'be tono •d liab 1\&1 t VM a tlaible pnesure pnent tbat enco.­
r••ed tbe entire bocJr ,  ncept tbe bea4 •d b•4a . It baA tov 1M con­
aecton , a .altiple water reoeptaole , • electrical COGDeotor , ud a urine 
�nuter OOGDector. 1'be coaDeoton ba4 ,a.ltlw looUnc 4aviou .ad could 
b11 coaaeoted •d 41100Dik"Oted Vitbo.t Militance . 'ftle IU OODDeoton co. 
prised u OJIFIIID lDlet 11\d outlet cODDeotor, CIG eaab aide ot tbe eu1t troat 
tono. lull oqpn lDlet. cODDeotor ba4 ID lntepoal ftDt11atiOD 41ftrter 
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valve . The multiple water receptacle , 1110unted on the suit torso , served 
u the i nterface between the liqui d cooling ga.naent ll.llt i ple water connec­
tor and port ab le li fe support system IILllt i ple water connector and the en­
vironment al cont rol system water supply . The pres sure garment yselllb ly 
elect ri cal connect or , mated with the vehi cle or portable li fe support 
system elect rical umbi li cal , provide d a communi cat ions , instruz�ntat i on , 
and pover interface to the preuure garment assemb ly .  The uri ne trans fer 
connector vas used to tr&nsrer uri ne from the urine collect i on  t rans fer 
as sembly to the wastf' 1118ll&gement system. 

The urine transfer connector on the suit ri�Plt leg , pemi tted dumping 
the urine collection bag without depressuri zing �he prea sure garment u­
sembly .  A preuure gan��ent use111b ly  pre11ure relie f valve on the sui t 
sleeve , near the wri st ring , vented the aui t in the event or overpresauri ­
zat ion . The valve opened at approximately 4 .6 plig md reaeat ::- d at 4 . 3  
psi g .  I r  the valve di d not open , it could have been manually o\-erri dde n .  
A pressure cage on the othe r s leeve indi cated auit preuure . 

A . 3 . 4  He�t 

The helmet vu a lAtxan ( polycarbonate ) ahell with a bubble type viaor , 
a vent pad u aelllb ly ,  md a helmet attachinl ri q .  The Yent pad uaelllb ly 
pe rmitted a constant rlov or �gen over the inner tront .. urrace ot the 
helme t .  The creVIIlan could tum hie head wi thin the heU.t neck ring ana. 
The hel•t did not turn independentl)- ot the torao an d  lillb aui t .  The 
hel•t h ad  proviliona on each a i de  tor JDOUDt i DC  m extravehi cular vi aor 
u aellb l,y . 

A. 3 .  5 Caamunicationa Carrier 

Tne comD.micatiiXla carri er vu a polyur4thme t� headpiece vi tb 
tvo i ndependent earpboaea md ld. cropbonea Vbi cb vere COilllected to tbe 
suit 21-pin caaami catiooa electri cal connector. The �i catiooa car­
rier could be vom vi th or vi thout the bea-t durina iatr&'Nb i cular opera­
tions . It vu vom vi th the helMt duri aa  extraYt.hi cul&r operation• . 

A. 3 .6 Intearated Thenaal Mi cra.eteoroi d Oar.ent 

The i ntell'ated tt.enul ld cra.teoro14 .-r-at vu vom owr tbe prea ­
aure carmeat u aellb ]¥ 1  • 4  protected the creviUUl tro. h�UWt\al ra41 at i on , 
beat tran l f'e r ,  mel ai cro.�teor:.i. d  acUYi ty .  'l'be i atell'ated therwal ai c­
roaeteoroid aar.eat vu a one piece , tora t.l ttina 8Ulti ltrered ��nt 
that vas laced over the preuun car-at uaab]¥ mel reaai aed vith i t .  
Tbe extravehi culr..r Yi aor ••abl¥ , llowa , mel boota were dcnfte 4  a epar­
ate ]¥ .  rro. the oute r lqel:" ia , the 1ntell'ate4 tbera&l ai croMteoroid 
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au-nt conahted ot a protective cover , a lli croMteoroi d-shieldi nc lqe r , 
a thenaal-barrier blwet ( IIIUltiple l�¥en ot aluminized )1\ylar ) • and a 
prote ct ive line r .  A zipper on the lntell"ated tbenaal ad. cro•teoroi d gar­
•nt perllitted connecting or di sconnecting Ulftbilical boees . Fer extra­
vehi cular acti vi ty  • the pressure garment u sellb� slows ve re replaced 
vi th the extravehicular slows . 'l'be extravehicular slows vere ll&de ot 
the S ... Mteri al  U the intel!'ated then\&l lli cro.teoroid sarment to per­
mit h.ndlins i ntensely hat or cold obJect a outai de the cabin .ad tor pro­
tect i on  asatnst lunar te��peratures .  The extravehicular boots vere vorn 
over the preasure prment u aellb� boots tor extravehicular activity .  
They vere -.4e ot the s .. •teri al  u the intell"ated thenaal lli craaeteo­
roid sarment . The soles bad additional inaulati on  tor protect ion qaina t 
intense temperatures . 

A . 3 . 7  lxtravebi cular V1aor AlaemblJ 

The extrawhicular vi aor UHIIblJ provided protection qainat aolar 
beat • apace particle• , 111d radi ation , 111d helped to maintain tberaal. bal­
mce . Tbe tvo pivotal vhon ot the ext ravehicular visor u aellblJ could 
be attached to a pi vat JDOUDtins en the pre11ure RarMnt UHIIb]¥ helJr.-,t . 
Tbe lilbtlJ t i nted ( inner) visor reduced toginc in the belMt . Tbe outer 
vi sor bad a vacuum depoli ted ,  sold•tila reflective aurtace , vbi cb pro­
vided protection qainst solar radi ation 111d apace part i cle• . 'l'be ext ra­
whicular vi aor u aellb lJ vu held anuc to the presaure .-r-nt uaablJ 
bel.Mt by a t ab-and-1tr11p arranp•nt the allowed the vhon to be ro­
tated approxiutel.y 90° up or 4owD ,  u deaired. 

A. 3 . 8  Port able Lit. Support STatea 

The port able li te aupport 171tea ( aee tipre A-2) cont ai ned the ex­
pendable aateriala and the c�i c.tiOG •4 te.U.t17 equip•nt required 
tor ext ravehi cular operation . The 17ftea aupplied OXIJ'PD to the preaaure 
praeDt uHablJ 111d cooliDI water to the liquid cooliDI pnent •d re­
aoved aolid .ad pa cont..S.n•t• trca retVDiDI <*:'liD· The port able 
lite auppon 171tea, attached with a hanaeee ,  vu VOI'D on the back ot 
the aui ted cre"'ND . The total •rata ocat&lae4 • oqpn wntUatinc 
c1 rcu1 t • water t.e4 •4 liquid t r.eport � , a priauT �PD auppl7 , 
a .aiD pow r  aupplr , c�i c.tiOD 171t._ , dieplqe •4 related aeDiora , 
1¥1 tchea • •4 cOGtrole . A cowr noc-.-•4 the •••led wait •4 the 
top portiOG aupported the OII¥PD JN!'II •7ft•· 

The reaote control wait vu a 41apl• Mel ooatrol wait cb•t-eouDte4 
tor eu7 acoe11 . The cootrola •4 41epl11JI OODiilte4 ot a hll avitch , 
pu.p avitch , apace•luit c�i c.tiOG ... odll lvitob , YOl- OODtrol , OXJ• 
.-n qUDt1t7 iD41caor , •4 oqpD JNI'II qetea actuator. 
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The o�gen puree system provided oxygen and pressure cont rol tor 
certain extravehi c�ar emergencies and vas mounted on top ot the portable 
lite support system .  The system vas self-contained ,  independently pow­
ered , and non-rechargeable . It vas capable ot 30 min�tes ot reg�& ted 
( 3 . 7  ! 0 . 3  pa i d )  o�gen flow at 8 lb/hr t.o prevent excessive carbon di­
oxide b� ld�p and to provide limited cooling . The system coll8isted ot 
two interconnected spherical 2-pound oxyeen bottles , an a�tomatic temper­
ature control mod�e , a pressure regulator assembly , a battery ,  oxygen 
connectors , and the necessary checko�t instrumentation .  The oxygen purge 
system provided the hard mount for the VHF antenna . 

A .  4 EXPERIMENT EQUIPMENT 

A.4 .1  Solar Wind Composition 

The purpose of the solar wind compoe ition experiment was to deter­
mine the elemental and isotopic composition ot noble eases and other 
selected elements present in the solar wind . This vas to be accomplished 
by trappi� part icles ot the solar wind on a sheet ot aluminum toil ex­
poaed on the l�ar surface . 

Phys ically , the experiment consisted ot a metallic telescopine pole 
approximately 1-1/2 inches in diameter and approximately 16 inches in 
lenath when collapaed . When extended , the pole vu about 5 teet lone . 
In the stowed posit ion , the toil vas encl01ed in one end ot the t�binc 
and rolled �P on a sprine-drhen roller. Only the toi l  portion vas re­
covered at the end ot the l�ar exposure period • rolled on the sprinc­
dri ven roller • and 11toved in the saple return container tor return to 
earth . 

A . 4 . 2 Laler RanciD& Retro-Retlector 

The luer ranctne retro-refiector experiMnt ( til • A-3) vas a retro­
renector arrq o t  tuaed silica cubes . A tolcliDc aupport 1tructu.re vas 
�ed for aiainc and alipin1 the arr., tovard earth . The �e ot the 
experillent vas to reflect luer I'UiiDC be- traa earth to their point 
ot oricin for precise .. uur...nt ot eart� .oon d11tancea , center ot 
DOOn ' s  mu1 .:>tion , lunar rll41• , earth p�.toal intonation , ud 4e­
WlQJDent ot apace ca.unioation te�olo.ry . 

Earth 1tat1ona that cu be• luen to the uperiMDt include the 
McDonald Ob1enato1'7 at Fort D&rla , Tau ; the Lick Ob1enatoJ7 1D Mount 
Hailton , Cali fornia ; and the CataliDa Station of the Uninnity ot Ari­
zona . Scientiltl in other count1'1e1 &lao plu to bOUDce le•er be- ott 
the experiaent • 
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A . 4 . 3  P .. aive �tia.tc Experiaent Packace 

The p .. ai ve aeiamic experiment ( t1 1 .  A-4 ) consisted or three lens­
period seiamometf1rs and one short-period wrtical seismometer tor meuu.r­
inl meteoroid impacts and moonquakes and to a-ther information on the 
.con ' s  interior ; tor example , to inveatiaate tor the exiatence or a core 
and MDtle . The pusi ve aeialllic experiaent packace had. tou.r bas ic sub­
syateu : the structu.re/theraal. subsystem to provide shock , vibration , 
and thermal protection ; the electrical paver aubsyatem to senerate 34 to 
46 watts by so:�a.r panel &rr8¥ i  the data subayatem to receive and decode 
Network uplink ccamandl and downlink experiaent data and to handle paver 
svitchin1 tasks ; and the puaive aeiallic uperiaent subsystem to measu.re 
lunar aeiallic activity vi th loq-period and abort-period seismometers 
vbich could detect inertial Mal diaplaceaent .  Al.ao included in the pack­
ace were 15-vatt radioisotope heaters to .a!nt&in the electronic packace 
at a lliniaum or 6o0 r du.rin1 the lUDar nilht • 

A solar panel arr� or 2520 solar cella provided approxiaateJ¥ 
40 vatta to operate the inatruaent ancl the electronic components , includ­
ins the teli!Mtry data 1ub1yatec . Scientific md ccineerins data were 
tu be tel .. etered downlink vbile crouncl com.ancla initiated troa the 
Miaaion Coe.trol Center were to be tr&Daaitted uplink utililinc Retwork 
re110te 1 1  toa . 

A . 4 . 4  Lunar Pielcl Oeolocr 

Tbe priaary a1a ot the Apollo lunar tield polocr experiaent w.. to 
collect lUD&r .. aplel ,  mel the toola deacribe4 in the tollCIIIiq para­
srapb• Wlcl abovn in tipre A-5 wen proviclecl tor this purpoee . 

A c alibrated H .. aelblad. e-ra ancl a FC.On were to be \18ed to 
obtain the •OMtric data nquincl to ncoutruct t.be •olocr or the 
lite , ill. tbe tol'll or •olocic •pe , ancl to nccmtr tbt orientatioo ot 
the a-rJlH tor erodoo and r..Uatioo atu41ea . Tbe a.-ple bap and 
a .. ra ·tr .. n-an would aid in ideotif1inl the aaplH and nlatins 
tbea to tbe crev ' a  4Hcr1pt1oo . 

Cc·n tubea , in cooJunctioo vi tb b-.n , wn to proride a caple 
in vbinb the at rat ill"� ot the uppeaoet portioo ot tbe reaoli th would 
be pnsened tor ntWD to eartb. 

A aaple acoop vu pi'OT14e4 tor ooUectiq particulate •terial u4 
in41Yi4ual rock tr.,..nta u4 tor 41u1DI aballov tNDcbea tor iupect.ioo 
ot the naoli tb . 'l'be t01111 wn proY14e4 tor collectiAa rock tr"P'Dt• 
m4 tor ntrieYina toola that lllpt ban beeD 4roppe4. 
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Lunar environment and Is& analysis sUlplea were to be collected , 
sealed in special containers , and returned tor analysis . 

A . 5  LAUNCH VEHICLE 

Launch vehicle AS-506 vas the s ixth in the Apollo Saturn V series 
and vas the fourth III&IUled Apollo Saturn V vehicle . The AS-506 launch 
vehicle vas configured the same as AS-505 , used tor the Apollo 10 mis­
sion , except as described in the following paragraphs . 

In the S-IC stase , the prevalve acc\lllul.ator bottles were removed 
from the control pressure system , and various caaponent� or the research 
and development instrumentation system were removed or modified. 

In the S-II stqe , the cOIIlponents of the research and development 
instrumentation were removed ,  and excess veld doUblers were removed trom 
the liquid o�1en tank att bulkhead. 

· 

In the S-IVB stase , ti ve addi tion&l. meuurements were used to de tine 
the low-frequency vibration that had occurred durinc the Apollo 10 miaa ion .  
I n  the propul.l ion system , a liner was added to the liquid b74rosen teed 
duct , an ox;vsen/hydro1en inJector vu chanced , the shutorr valve on the 
pneumatic power control IIOdul.e vu modi fied by the addition of a block 
point , and new configuration cold heli1.111 abutott and duaap valves and a 
pneumatic 1hutott valve folenoid were inatalled . 

In tbe instrument unit ,  the PM/lM telemetey ayet• vu .ocSitied to 
accoaaodate the ti ve added S-IVB atructural vibration •u\U'ell8nta . Tee 
sections , clamps , and thermal switch aettin11 were minor lDOdi ticatioo• 
in the environmental control syatem .  Tbe tlisht prosra vu chanced !'io 
accCIIIDOdate the requirement• or the Apollo 11 ld.11ion . 

A .6 MASS PROPDTIIS 

Spacecratt ... , propertiea tor the Apollo 11 aillion are 1�1ed 
in table A-I . Tbe11e data repreaent the conditiou u detel'llined troa 
poettlisht analyaea or expendable loadiaca and ua&�• durin1 the tlilbt . 
Variations in apacecratt _., propertiea an detel'llined tor each lipiti­
cant million pbue tro. litt-ott throuch landiDI • lxpendablel ua ... ia 
baaed on reported real-tiM and poattlilbt data u pruented in other 
aectiou ot thil report . Tbe veipt1 an4 centen ot ll'aYity ot tbe indi­
vidual cc.und an4 aemce .odul.ea an4 ot the lunar 1104\&le ucent and "-­
scent at&�•• vere Muure4 prior to tlipt , and the inertia value• vere 
calculated. All cban•• incorporated a.tter the actual veilbina vere 
110nitore4 , an4 the apacecratt _., properti .. wen up4ate4. 

1 I 
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Cecter ot ll'&'li tJ ,  111. .._"' ot hutla, eluc-ttl Pro411ct ot 1Mrt1a, 
l llelpt , a1uc-tt2 ltftnt tb 

XA YA ZA Iu In Izz IXY Ixz Iyz 
Ll.t't .ott 109 666 . 6  847 . 0  2 . 4  ).II 6T 960 1 16� 828 1 167 32 3  2586 8 956 3335 
lvth orbit llllertlon 100 756 . 4  8oT . 2  2 . 6  � . 1  6T 108 'rl3 1 36  Tl5 6T2 4T45 u 341 3318 
'!'ranapoolt loc and oioelliac 

COIIII&IIoi • ••rn .- -Ill•• 63 41 3.0  934 . 0  4 . 0  6 . 5  3 lo  "'' T6 T8l T9 530 ·1T89 -126 3llo8 
LWI&I' -u.le 33 294 . 5  12 16 .2 0 .2 0 . 1  2 2  299 24 826 2lo 966 -5o8 r 37 

Total oioclr.od 96 767 . 5  1038 .0  2 . 7 •• 3 57 oo6 532 219 53lo 98l -7672 •!:. 21o0 3300 
S.par•t 1011 _...,or 9li 566 . 6  !0)8.1 2.7 �. 3 56 902 531 918 53lo 766 -7670 ·9 219 3270 
Flrot aldeou.roe eorrec:t1011 

Iplt loll 96 418 . 2  1038. 3 2 . 7 1o. 2  5 6  TTO 531 lo82 531o ]51o ·TTU -9 170 ]]05 .:Utott 96 204.;> 1038.1o 2 . 7  � . 2  56 66T 531 1lo8 5Jio U3 ·1109 ·9 1loT 32Tlo 
LWI&r orb it llllort1oc 

ItP!lt lOll 96 o6J. . 6  1038.6 2 . 7  lo . 2  5 6  56lo 530 6 )6  533 61] -�'185 -9 o63 3]10 
C.. torr 72 031 . 6  10T9 . 1  1 . 1  2 . 9  lolo UT w a,, lol9 920 ·573'1 -5 166 ]&I 

C lrelllarla&tl 011 
ICftlt lon T2 019.9 10T9 .2 l . &  2 .9 " 102 lo12 Tll lol9 798 -5745 ·5 160 386 
c .. tott TO 905 .9 1081 . �  1 . 6  2 .9 II ]  539 loOT 3lo1 lol l  11611 -51oo3 -5 2o8 ]16 

S.parat Lon TO 760 . 3  1082 • •  1 . 8  2. 8 " 162 loOT 599 Iillo 112 -50110 ·5 1104 286 
Doelr.ln1 

C-4 • aerTlee -\Ilea l6 SIIT . Io  91-3 . 6 2 . 8  5 . 5  20 TloT 5T 181 61 681 ·2091- 833 321 
Aacent 1t .. e 5 na.o U68, J  11.9 -2.4 l 369 2 JilT 2 813 ·129 51o -354 

Tot al after doelr.Lac 
Aaeent ,, ... -•d 42 565 ·" 913.9 3 .1  " · ' �· 189 U3 TOT 120 617 ·1120 -1 au -5v 
ueent ,,..., - •d 42 56 1 . 0  912 . 6 2 .9 " · 5 211 Oil uo 88lo llT 8olo ...al6] -811 -28 

Atter ueent at ... J•tt Ia on 37 100 . 5 'ilol.9 2 . 9 5. 1o 20 8oT 56 919 63 lolT ·2003 T ]O  30 5  
'l'r•Hvth InJect 1011 

Ip1Uoc ]6 965.7 9lo3 .8 3.0 5 . 3 20 681 56 175 63 30 3  ·19T9 709 336 
C..tott 26 792.7 96l .lo .0 . 1  6.8 15 lo95 119 Slol 51 .. ,. -erz• 18o ·232 

C-d • ••"lee llo4�&le 
Hparaloo 

.. , .. 26 656.� 961 . 6  o.o 6.1 
Atter 

U IIOCI  119 739 H 33e ·"" lat ·200 

S.r'riee -Ill• 111 5119 . 1  896 . 1  0 . 1  1 . 2 9 1lo ) 1lo 5110 16 616 ·831 ., -153 c- ...Su.l• 12 107 .. 10110 • •  -o . a  6.0 ' 26o  5 liTO �o m  " -403 -liT 
lint I')' 12 095.5 10110 . 5  -o . 2 5 .9 6 25] 5 116) It 99lo 55 --.� -ItT 
Oro.,.. dooplo:r-nt 11 60 1 . 1  10 )9.2 -o.2 5 .9 6 066 5 1ll 11 690 56 -115 -Jo8 
N&in par..:hllte 11 Jl 8.9 1019 . 1  ..0.1 5 . 2  5 933 ' 9117 lo 631 50 •312 -28 

dlop1-t 

IAII<ttac 10 lfl'J,O 1031 . . -o . 1  5 . 1  ' 866 .. 6TO .. 336 lo5 -322 ·21 
1- '-- IIIDdl&le 

Lunar -u.l• a �ell H 297 . 2  185 .1 0 . 2  0.2 22 ]Olo 25 019 25 018 228 .. , .. TT 
8eparuloa )) 68).5 186.5 0 .2 O.T 2 3  6S8 26 <165  25 9ll2 m 105 Tl 
o .. eea, ortt n luertloa 

lp1Uoa )) 669.6 1116 . 5 0.2 0.8 23 6lo9 26 Olo5 25 899 2211 TOll 1l 
Cldort ll 1101.6 186.5 0 .2 o.e 23 lo8o 25 9T8 25 en 2211 TOll 1l 

:-•r l6841ac 16 1H . .:' 21 ) . 5  o . ..  1 . 6  12 511Z l] 116T IJi 2011 111Z '" T' 
l.&ll>ar u n -ott 10 176 .6 21o ] . 5  0 . 2  2. 9 6 8o8 3 loT5 5 911 20 Ulo "' 
Or� It laaert 1011 5 928.6 255 .) o ... 5 . )  3 lo5T ] II.1R 2 113 1T 135 ,, 
CoeUif'IC eeq- lai U - 5 b4l .5 '"'·0 o.lo 5 . 3  a i011 3 loll l o69 2 1116 1T 131 ... 

Doe kine ' na.o 251o . �o 0 ...  ' ·' I l 369 3 Ololo 2 IJiT 18 11111 50 
Jet \I- ' Wi 2 . 5  255 .o  0 . 1  3 . 1  3 226 3 019 2 116 28 U9 35 
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NASA-S-69-3797 

Oxygen purge system 

Sun g lasses pocket 

SupfK'rt straps 

Portable me 
support system 

Oxygen purge system 
umbi l ical 

Cabin restraint ring 

Integral therrnal 
and rneteorold 
garrnet 

Urine collection and transfer 
connector/blomedlcal lnjector/ 
dosimeter access flap and 
donning lanyard pocket 

Extravehicular 
visor assembly 

Remote control unit 

Oxygen purge 
system actuator 

Penlight pocket 

Connector cover 

Comrnun ications , 
venti lation and l iquid 
cooling umbi l icals 

Extravehicular glove 

Uti l ity pocket 

Pouch 

F igure A·l . - Extravehicul• mobi lity unit . 



MASA-S-69-3798 

0.,.. 
..... . ,.... 
.... 

.. 

Regulator 

Pt.., switch 

Actuating cable 
(stowed position) 

Pressure gage 

Umbilical 
(stowed) 

Stowage plate 

Water and oxygen 
quantity Indicator 
(behind flap) 

Thenaal meteoroid 

Portable Ute support system 

Flgwe A-2 .- Portable life support syst.,. 
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NASA-S-69-3800 

East 

Antenna 

Passive seismic expeo'iment 

� 

Astronaut handle 

N ickel thennometer 
dust detector 

Carry handle 

F igure A-4 . - Passive seismic experiment package deployed configuratiou 
showing dust detector geometry . 
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APPENDIX B - SPACECRAFT HISTORIES 

The history of command and service module ( CSM 107 ) operations at 
the manufacturer ' s  facility , Downey , California , is shown in figure B-1 , 
and the operations at Kennedy Space Center , Florida , in figure B-2 . 

The history of the lunar module ( LM-5 ) at the manufacturer ' s  facility , 
Bethpage , New York , is shmm in figure B-3 , and the operations at Kennedy 
Space Center , Florida, in figure B-4 . 
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NASA-S-69-3802 � � 

Command modu le 

1968 I 1969 

December January 

• Individual systems checkout, modification 
and retest • Integrated systems test 

I I I Data review 

I Demate 

I Pressure vessel leak check 

I Aft heatshield instal lation 

J Weight and balance 

March 

• P!eshipment inspection 

I Prepare for shipment and ship 

I I I I  
Service module 

Service propu ls ion system test 

I Therma: coating 

• Preshi pment inspection 

I Prepare for shipment and ship 

Figure B-1 . - Factory checkout flow for command and service modules at contractor fac i l ity • 
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NASA-S-69-3803 

Note: COIIIIUIId and servh;e modules 
delivered to Kennedy Space Center 
on January 23, 19b9 

• 

19b9 

_ S pacecraft/ launch vehicle assembly 

I Move space vehicle to launch complex 

I Mate umbi l ical tower to pad 

I Data link hookup 

• Q-ball installation 

.. Spacecraft pad tests 

September 

.. Propel lant loading and leak checks 

• Countdown demonstration test 

• Countdown 

'Y Launch 

Figure B-2 . - S pacecraft checkoilt hi story at Kennedy Space Center . 
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NASA-S-69-3804 

1968 1 1969 

September J October I November I December J January T February I 
- -· F inal hardware instal lation and checkout 

• Plugs-in test 

I I I I Instal l  and test radar 

I I I Plugs-out test 

• - • F inal factory rework and test 

I • Instal l  thermal shielding 

I I Weight and balance 

I I Final inspection 

.. Instal l  base heat shield 

I I Prepare for shipment and sh ip  

I I Landing gear functional test 

March 

�------------------------------------------� 
Figure B-3 . - Factory checkout flow for lunar module at contractor faci lity • 
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NASA-S-69-3805 

1968 I 1969 

December January 

' "'t" '< •• , 1 '  

• 

� . 

August 

.. F l ight s imu lation tests 

- Docking test 

lunar modu le arrived at 
Kennedy S pace Center on 
January 8, 1969 

- System verification tests 

I Radar al ignment 

• Landing gear instal lation 

• Insta l l  in spacecraft/ launch vehicle adapter 

• F inal sy!ttem tests 

I Miss ion s imu lation tests 

• Countdown 

I Launch 

Figure B-4 . - Lunar modu le checkout hi story at Kennedy Space Center . 

� \Jl 

----------�--·-----._ 
___________ ----- ---�-- - -- ---··-- -· - · ·-- · -- - - -�·· ,---�-

' 
r 



• 

C-l 

APPENDIX C - POSTFLIGHT TESTING 

The commWld module arrived at the Lt.mar Receiving Laboratory , Houston , 
Texas , on July 30 ,  1969 , after reaction control system deactivation and 
pyrotechnic sating in Hawaii . After decontamination and at the end of the 
quarantine period ,  the command module was shipped to the contractor ' s  fa­
cility in Downey , California, on August 14 . Postflight testing and in­
spection of the command module for evaluation of the inflight perform8llce 
and investigation of the fiight irregularities were conducted at the con­
tractor' s  and vendor ' s  facilities and at the Manned Spacecraft Center in 
accordance with approved Apollo Spacecraft Hardware Utili zation Requests 
( ASHUR ' s ) .  The tests performed as a result of inflight problems are de­
scribed in table C-I and discussed in the appropri ate systems performance 
sections of this report . Tests being conducted for other purposes in ac­
cordance with other ASHUR ' s  and the basi c contract are not included. 



' ,,, ....... ...._......_�� --�'"'' 

TA3LE C-I . - POSTFLIGHT TESTING SUMMARY )2 N 
ASIRJR no .  Purpose Tests performed Results 

Environmental Control 

107001 To determine the c®se of the down- End-to-end resistance and contin- A c apacitor in the electromagnet ic inter-
shift in OJcygen flow reading and uity check of the flow rate trans- ference filter was open and the resis-
it= remaining at the lower .limit ducer calibrat ion ; calibraticn tance of the heater element on one of 
except for >::·eriods of high flow check and failure analys is the two air stream probes was 600 ohms 

above the requirement . 

107019 To determine the cause for the de- Leak test on the primary water/ System was found to be t ight and well 
crease in the primary glycol ac- glycol system ; leak test on the within specification . Indication was 
cumulator quant ity glycol reservoir valves that the glycol reservoi r inlet valve 

was not fully closed during flight and 
allowed leakage into the res ervoir. 

107503 To determine the cause for high and Measure the glycol temperature con- All resistances and deadband prope r .  
low water/glycol temperatures troller deadband and determine re- Control valve bound closed. 
sensed at ·the evaporator outlet sponse to a simulated glycol temper-
during mixing mode operation in ature s ensor 
lunar orbit 

107039 To determine the cause for high and Remove control valve from space- Broken bearing found interfering with 
low water/glycol temperatures craft and perform electri cal and gear train assembly . Analysi s  incOibplete .  
sensed at the evaporator outlet mechanical acceptance tests . Dis-
during mixing mode operation in asstmble control valve. 
lunq � orbit 

Reaction Control 

107014 To determine the cause of the mal - Ci�cuit continuity veri fi cation Continuity test determined that an inter- . 
function of the command module mitten ;; existed on a terminal b oard. I negat ive ysv thruster Wiring was found to bE proper .  

107016 To verifT command module circuit Circuit continuity v�rification Control circuit for service module reac-
as sociated with servi ce module tion control quad B propellant isolation 
propellant isolation valves for valves and indicators was proper through 
quad B the command module to the circuit inter-

rupter interface . 
- -

/ 
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ASHUR no . 

107028 

107030 

107034 

107038 

• 

TABLE C-I . - POSTFLIGHT TESTING SUMI-'.ARY - Concluded 

Purpose Tests per:formed 

Crew Equipment 

To determine the cause �.f high clos-, EJ(amine the seal for compari s on 
ing :forces on the 3am�le return con- with ground test . Re-roll s eal and 
tainers measure latching forces . 

To investigate the loose handle on 
the medical kit and overpres suri za­
tion o:f pill containers 

To investigate tbe voice turnaround 
problem durj ng ext ravehi cular ac­
tivity 

Investigate leak in riser of 
liquid cooling garment . 

Visual <_nspection . Determine 
whether pin holes will prevent 
overpressuri zation 

I Turnaround test with extravehicular 
communications syste� packs and 
Commander and Lunar Module Pi lot 
headsets in all pos sibLe connectors . 

X-ray and visually i nspect hose and 
manifold. Verify corrective act i on .  

Results 

Vacuum seal s at i sfactory . L�tching force 
above ma.xim'-un specification limits reeause 
of lubrication removal . Application ot 
lubrication on s imi lou· latches , using 
Apollo 12 proccJures , resu�ted in clo�ing 
foL'ces below maximum »pecifi cat ion limit,; , 

'l'he handle was not attached to right end ; 
only barely attached to left end. On­
vented pill packages expand about 
300 percent at 5 psia from ambient . 
Vented package& (two needle holes in 
fi lm )  do not expand at 5 ps ia from am­
bi ent . 

No defective � i rcuits or components in 
either carri er . Up-voice turnaround was 
pres ent i n  both headsets but always ac­
quired with the Lunar Module Pilot C!U'­
ri e r ,  regardles s of pos ition of connec ­
t ion . Turnaround was caused by audio/ 
mechanical coupling , and could be ac­
quired or eliminated by control of mech­
ani cal isolation of headset and earphone 
output leve l .  

During preflight adj ustment o f  the liquid 
cooling garment , the spring reinforced 
riser hose was improperly drawn over the 
manifold nipple , cutt in� the inner wall 
of the hose between the spring and t�e 
nipple . Water /glycol leaked through the 
inner wall hole and ruptured the outer 
wall of the Lunar Module Pilot ' s  garment 
during post :flight tests at the quali:fica­
tion level o:f 31 psig . No leakage was 
:found in the Commander ' s  garment because 
the inner wall was sealed against the 
nipple by the spring behind the cut . 
Proper installat ion with the necessary 
between the nippl� and spring wi ll pre­
clude cuts in the inner wal l .  

0 
I 

VI 



" 

D-1 

APPENDIX D - DATA AVAILABILITY 

Tables D-I and D-II are summaries of the data made available f')r 
systems performance analyses and anomaly investigat ions . Table D-I li sts 
the data fran the command and s ervice modules , and table D-II , the ll.mar 
module . Although the tables re flect only data processed from r�etwork 
magnet ic tapes , Network data tabulat ions and comput er words were avail­
able during the mi ssion with approximately a 4-hour delay . For addi tion . ..l 
informat ion regardi ng data availabili ty , the status listing of all mssion 
data in the Central Metri c Data File , buildi ng 12 , MS C ,  should be consult­
ed. 

f } ' ! ' • 
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TABLE D-I . - COMMAND MODULE DATA AVAILABILITY 

,...... 
T i n:e ,  hr : min 

Range Standard Special Comput er Special 
O ' graphs Special 

Event or Brush plots 
From To 

station bandpass bandpass words programs 
recordings or tabs 

-04 : 30 +00 : 23 ALDS X X 
+00 : 00 00 : 12 MILA X X X X X X X 

00 : 0 2  00 : 13 :anA '\{ X X X X X 
00 : 06 04 : 18 CATS X X 
00 : 09 00 : 15 VAN X X 
00 : 16 00 : 23 CYI X 
00 : 28 01 : 30 D/T X X 
00 : 52 00 : 58 CRO X 
00 : 59 01 : 0 5  HSK X 
01 : 28 01 : 35 GDS X 
01 : 3 3  01 : 45 MILA X 
01 : 42 01 : 49 VAN X 
01 : 50 01 : 55 CYI X 
01 : 54 02 : 25 D/T X 
0 2 : 2 5  02 : 32 CRO X 
02 : 40 02 : 46 RED X X X X 
02 : 44 0 3 : 25 D/T X X X X X X X 
02 : 45 02 : 54 MER X X X X X 
02 : 49 0 3 : 15 I HAW X X X X X 
0 3 : 10 0 3 : 16 HAW X X X X X X 
0 3 : 15 0 3 : 25 D/T X X X X 
0 3 : 2 5  0 3 : 37 I GDS X X X X 
04 : 0 2  04 : 57 GDS X X X X X 
04 : 55 05 : 05 GDS X X X X 
05 : 24 0 5 : 43 GDS X X 
06 : 00 06 : 42 GDS X 
06 : 3 5  07 : 45 CATS X 
06 : 4? 08 : 38 GDS X 
08 : 04 11 : 38 CATS X 
09 : 22 09 : 3!) GDS X X 
10 : 39 10 : 57 GDS X 
12 : 35 1 2 : 42 GDS X 
14 : 1• 5 1 6 : 19 CATS X 
16 : 19 19 : 01 CATS X 
17 : 23 17 : 34 D/T X 
19 : 01 2 5 : 06 CATS X 
24 : 00 24 : 19 MAD X X X 
24 : 28 2 5 : 50 MAD X 
2 5 : 06 2 7 : 0 5  CATS X 
26 : 24 26 : 49 MAD X X X :.< X X 
26: 48 27 : 00 MAD X 
27 : 06 38 : 34 CATS X 
27 : 1 5  27 : 35 MAD X 
28 : 17 28 : 50 GDS X 
29 : 14 30 : 50 GDS X 
34 : 24 34 : 30 GDS X 
35 : 39 36 : 01 GDS X 
36 : 35 38 : 00 GDS X 
3 8 : 34 4 2 : 2 3  CATS X X 
42 : 2 3  47 : 19 CATS X X 
44 : 23 44 : 33 HSIC X 
47 : 00 48 : 00 MAD X 
47 : 19 5 3 : 49 CATS X 
52 : 50 5 3 : 06 MAD X 
5 3 : 49 56 : 50 CATS X X 
5 4 : 52 5 5 : 17 GOO X X 



�me ,  hr:min 

From To 

56 : 50 58 : 1.0 
57 : 15 57 : 30 
57 : 30 57 : 45 
58 : 10 7 3 : 09 
7 3 : 15 73 : 48 
7 3 : 48 75 : 48 
75 : 48 75 : 57 
·r5 : 57 76 :15 
77 : 39 78 : 24 

I 78 : 24 79 : 09 
7 8 : 41 80 : 22 
79 : 07 79 : 47 I 
79 : 54 80 : 37 
80 : 10 80 : 43 
8o : 22 85 : 41 
81 : 40 8 3 : 11 
83 : 43 84 : 30 
85 : 00 85 : 30 
85 : 41 86 : 32 
85 : 42 89 : 11 
87 : 39 88 : 27 
88 : 32 89 : 41 
89 : 37 90 : 25 
90 : 2 5  9 3 : 07 
90 : 29 91 : 39 
91 : 36 92 : 29 
92 : 30 92: 40 
93 : 26 99 :07 
9 3 : 34 94 : 31 
94 :22 94 : 34 
9 5 : 32 96 :20 
96 : 30 98 : 20 
97 : 30 98 : 52 
98 :20 100 : 00 
98 : 50 99 : 00 
99 : 29 100 : 32 

100 :35 100 : 45 
100 : 44 101 : 19 
100 : 5 5  102 : 45 
101 : 15 101 : 27 
101 : 27 102 : 14 
102 : 1 5  102 : 48 
102 : 49 106 : 48 
103 : 25 104 : 19 
105 : 23 106 : 11 
106 : 28 110 : 21 
107 : 21 108 : 10 
109 : 17 110 : 09  
110 : 31  113 : 16 
111 : 18 112 : 38 
112 : 0·5 113: 00  
113 : 11 117:02 
113 : 18 114 : 04 
115 : 17 116: 0  .. 
117 :13 118 : 01 
118 : 00  122 : 06 

TABLE D-I . - COMMAND MODULE DATA AVAILABILITY - Continued 

Range Standard · Special Computer Special 
O ' graphs 

Event or Brush station bandpass bandpass words programs 
recordings 

CATS X X 
GDS X 
GDS X X 
CATS X X 
MAD X X 
MAD X 
D/T X X X X 
D/'£ X X 
GDS X 
GDS X X X 
MSFN X X 
GDS X X X 
GDS X X 
D/T X X X X X 
MSFN X ic 
D/T X 
D/T X 
GDS X 
D/T X 
MSFN X 
D/T X 
HSK X 
D/T X 
MSFN X X 
HSK X 
D/T X X X 
HSK X 
MSFN X X X 
D/T X X 
MAD X 
D/T X X 
MSFN X 
D/T X X 
MSFlJ X 
MAD X X 
D/T X X 
MAD X X X X X MSFR X 
MSFR X X 
MAD X 
D/T X X 
MAD X 
MSFR X X X 
D/T X 
D/T X 
MSFI X X 
D/T X 
D/T X 
MSPII X X 
D/T X 
MSPII X 
MBll X X 
D/T X 
D/T X 
D/T X 
tePII X X 

D- 3 

Spec ial 
plots 

or tabs 
··-

X 

I 
X I 

' ' I 
' l 

' I 
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TABLE D-I . - COMMAND MODULE DATA AVAILABILITY - Concluded l 
Time, hr : min 

Range Standard Special Computer Special 
O ' graphs Spec ial 

Event or Brush plots 
From To 

station bandpass bandpass vords programs 
recordings or tabs 

119 : 11 119 : 58 D/T X 
121 : 09 121 : 57 D/T X 
122 : 12 124 : 37 MSFN X 
122 : 26 126 : 26 MSFN X X 
123 : 06 124 : 20 D/T X X 
124 : 20 125 : 06 MSFN X 
125 : 06 125 : 53 D/T X 
126 : 29 130 : 23 MSFN X X 
126 : 37 127 : 07 GDS X 
127 : 01 127 : 59 D/T X X 
127 : 52 128 : 10 GOO X 
129 : 01 129 : 50 D/T X 
130 :00 130 : 12 GDS X X X 
130 : 22 1 30 : 40 GDS X X 
130 : 2:3 134 : 26 MSFN X X 
131 : 00 131 : 48 D/T X 
132 : 58 133: 46 D/T X 
134 : 26 137 : 42 MSFN X X 
134 : 27 134 : 58 MSFN X 
134 : 58 135 : 35 D/T X X X 
135 : 22 135 : 28 D/T X X X X X 
135 : 38 1 35 : 49 HSK X X X X 
1 36 : 45 137 : 00 MSFN X 
1 37 : 42 142 : 20 MSFN X X 
1 37 : 50 138 : 50 ioiSFN X 
142 : 20 150 : 16 MSFN X X 
149 : 12 149 : 24 MtFN X 
150 : 16 151 : 45 MSFN X X 
150 : 20 150 : 30 MAD X X X X X 
151 : 40 152 : 31 GDS X X 
151 : 45 170 : 29 MSFN X X 
152 : 31 152 : 50 GDS X X 
170 : 29 174 : 19 MSJ:o'N X X 
170 : 40 171 : 39 MAD X 
172 : 22 173 : 40 MAD X X 
177 : 00 177 : 40 GDS X X 
186 : 24 194 : 26 1:3FN X X 
189 : 55 190 : 30 HSK X 
192 : 04 192 : 30 MSFN X 
194 : 09 194 : 34 HSK X 
194 : 40 195 : 09 HSK X X X X X X X 
19 5 : 0 3  195 : 11 ARIA X X X X X X X 
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TABLE D-II . - LUNAR MODULE DATA AVAILAB ILITY 

Time , hr:min 
Range Standard Special Computer Special 

O ' grapha Special 

station 
Event 

bandpass bandpass words or Brush plots 
From To programs 

recordings or tabs 

-04 : 30 -02 : 30 ALDS X X 
9 5 : 5 5  99 : 07 MSFN X X 
96 : 17 96 : 38 MAD X 
9 6 : 37 9 6 : 48 MAD X 
96 : 46 97 : 33 MAD X 
98 : 16 99 :08 MAD X X 
98 : 5 5 99 : 10 MAD X 
99 : 07 99 : 20 MAD X X I 
99 : 08 100 : 55 MSFN X X 
99 : 18 99 : 32 MAD X X 
99 : 30 99 : 48 D/T X X 

100 : 12 100 : 17 D/T X X 
100 : 15 100 : 44 MAD X X X 
100 : 20 100 :25 MAD X 
100 : 43 100 : 53 MAD X X 
100 : 52 101 : 30 MAD X X 
100 : 5 3  102 : 16 MSFN X X 
101 : 30 102 : 13 D/T X X X 
102 : 13 102 : 53 GOO X X X X X X X 
102 : 45 106 : 28 :o!SFN X X X X 
102 : 52 103 : 0 3  GDS X X 
103 : 0 3  103 : 59 GDS X X X 
1G3 : 57 104 : 04 MAD X 
104 : 02 104 : 10 MAD X 
104 : 10 104 : 57 GDS X 
106 : 28 110 : 31 MSFN X X X 
107 : 49 108 : 13 GOO X X 
108 : 14 108 : 27 GDS X X 
108 : 25 109 :24 GOO X 
110 : 31 113 : 16 MSFN X X X 
113 : 11 117 : 48 MSFN X X X 
113: 30 114 : 00 HSK X 
113 : 59 114 : 10 MSFN X 
114 : 08 114 : 21 HSK X 
114 : 20 115 : 20 HSK X 
118 : 00 122 : 06 MSFN X X 
121 : 35 121 : 1!5 MAD X X 
122:00 123 : 08 MAD X X X 
122 : 18 122 : 25 MAD X 
122 : 22 126 : 26 MSFN X X 
122 : 33 122 : 45 MAD X 
123 : 08 124 :08 MAD X 
124 : 07 125 : 09 MAD X X X X 
124 : 20  124 : 35 MAD X X X 
125 : 07 125 : 1 3  MAD X 
125 : 51 126 : 29 MAD X X X X X 
126 : 00 126 : 15 MAD X 

. 

126 : 1 5  126 : 29  GDS X X X X X X X 
126 : 27 1 <: 6 : 3 5  MAD X X 
126 : 28 126 : 40 GOO X X 
126 : 29 130 :23 MSFN X X 
126 : 37 127 : 07 GOO X X X X X X 
127 : 51 12d : 20 GOO X X X 
128 : 19 129 : 04 GOO X 
129 : 48 1 30 : 47 GDS X 
1 30 : 00 130 : 25 GD6 X I X I X X 

· -

t 
! 
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TABLE D-I I . - LUNAR MODULE DATA AVAILABILITY - Concluded 

Time, hr :min 
Range Standard Spec ial C0111puter Special 

O ' graphs Special 
Event or Brush plots 

From To 
station bandpass bandpass verda programs 

recordings or tabs 

130 : 23 134 : 24 MSFI'I X X 
130 : 46 131 :03 GDS X X 
132 : 43 133 : 02 GDS X X 
133 : 46 134 : 45 GDS X X 
134 : 24 137 : 42 MSFrl X X 
134 : 44 135 :01 GDS X X 
135 : 33 135 : 48 GDS X X 
135 : 44 135 : 58 GDS X X 
135 : 57 136 : 58 GDS X X 
137 : 48 137 : 54 MSFI'I X X 

• 
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APPENDIX E - GLOSSARY 

The following definitions apply to terms used in section 10 . 

ablation 

albedo 

basalt 

breccia 

cla..�t 

diaba'3e 

ejecta 

euhedral 

exfoliation 

.feldspar 

feldspathic 

gabbro 

gal 

snomon 

igneous 

induration 

removal ; wearing awa;y 

ratio of light reflected to l.i.ght incident on a surface 

generall;r , any fine-grained dark-cclored igneous rock 

see microbreccia 

rock composed of fragmental material of specified types 

a fine-grained ,  igneous rock of the composition of a 
gabbro , but having lath-shaped plagioclase crystals en­
closed 'lli ·holly or in part in later formed augite 

materia:_ thrown out as from a volcano 

having �rystals whose growth has not been interfered with 

the prc.cess of breaking loose thin concentric shells or 
flakes from a rock surface 

acy of a group of white , nearly white , flesh-red ,  bluish , 
or greenish minerals that are aluminum silicates with 
pott.:ssium , sodium, calci um ,  or barium 

pertaining to feldspar 

a medi l.1lr. or coarse-grained basic igneous rock-forming in­
trusive bodies of medil.a or large size and consist ing 
chiefly of plagioclase and pyroxene 

uni"t of acceleration equivalent to 1 centimeter per second 
per second 

instrument used for size and color comparison vith known 
standards 

formed by solidi fi�ation tram a molten or partially molten 
st ate 

hardening 

t 
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lithic 

microbreccia 

mophologic 

olivine 

peridotites 

plagioclase 

platy 

pyroxene 

pyroxenites 

ray 

regplith 

terra 

vesicle 

stone-like 

rock consisting of small sharp fragments embedded in any 
fine-grained matrix 

study of form and structure in physi cal geography 

mineral ; a magnesium-iron silicate commonly found in basic 
igneous rocks 

any of a group of granitoid igneous rocks composed of 
olivine and usually other ferromagnes i an  minerals but 
with little or no feldspar 

a triclinic feldspar 

consisting of plates or flaky layers 

a family of important rock-fanning silicates 

an igneous rock , free from olivine , composed essentially 
of pyroxene 

any of the bright , whitish lines seen on the moon and 
appearing to radiate from lunar craters 

surface soil 

earth 

sma.:.l cavity in a mineral or rock , ordinarily produced by 
expansion of vapor in the molten mass 
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APOLLO SPACBCRAP'r PLIGJl'l' BIS'l'OIIY 
( Continued troa ina ide tront cover ) 

lA .. ion §I!Secratt O.crlption Launch date Launch elu 
Apollo 4 BC-017 Supercircular lov. 9 • 196'{ Ke!meq Space 

J LTA-lOR entey at lUDV Center , Fla. 
I returD ftlocity 

Apollo 5 I.M-1 P'lret lUDV JIID, 22 1  1968 Cape ltenDeq ,  
.odule tllsht Fla. 

Apollo 6 SC-020 Ver1t1c:ation ot April 4. 1968 Xenneq Space 
LTA-2! c:loaecl-loop Center , na. 

eMrpllCJ' detectiOD 
.,..t. 

Apollo 7 CSM 101 P'lret -.nned tl.lpt � Oct .  u. 1968 Cape Jtenneq . 
earth-orbital na. 

Apollo 8 CSM 103 P'lret .-.ned lUDV Dec .  21. 1968 !Cenned;r Space 
orbital tl.lsht � t1ret Center , Fla. 
IUIIJI84 Saturn V lalmch 

Apollo 9 CSM 104 P'lrat .azmed lunar Mar .  3,  1969 !Cenneq Space 
IM-3 .odule tllpt ; earth Center. na • 

orbit rendez'VOWI � EVA 

Apollo lO CSII lo6 P'lret lunar orbit - 18 . 1969 !Cenned;T Space 
IM-4 rendez'VOWI � low pu• Center, na. 

over lunar •urtace 

Apollo ll CSM 107 Firat lunar liiD41nc Jul7 16 , 1969 KenneC�¥ Space 
Lll-5 Center , J'la. 
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