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The Earth above the lunar horizon, photographed during the Apolio 8 mission 
with a 70-rnm electric camera equipped with a medium telephoto (250-mm) lens. 
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FOREWORD 

This r e p o r t  is intended t o  summarize t h e  major 
activit ies of Apollo and t o  provide sources  of re f -  
erence for those who d e s i r e  t o  pursue any p o r t i o n  t o  
a g r e a t e r  depth. Personal  recbgni t ion is not given 
i n  any case except f o r  t h e  crewmen who were assigned 
t o  t h e  missions.  Indeed, any s t e p  beyond t h i s  would 
l i t e r a l l y  l e a d  t o  t h e  naming of thousands of men and 
women who made s i g n i f i c a n t  cont r ibu t ions ,  and, un- 
avoidably,  t h e  omission of t h e  names of many o t h e r s  
who played an equal ly  s i g n i f i c a n t  p a r t ;  however, a l l  
of these  people must undoubtedly have a f e e l i n g  of 
s a t i s f a c t i o n  i n  having been a p a r t  of one of man's 
most complex and, at  t h e  same t i m e ,  noble undertak- 
ings.  
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1 .0  INTRODUCTION 

t 

The Apollo Program Summary Report is a 's;mopsis of t he  o v e r a l l  program a c t i v i t i e s  and t h e  
technology developed t o  accomplish lunar  explorat ion.  The report  is intended, pr imari ly ,  f o r  
the reader who d e s i r e s  a general  knowledge of t he  technical  a spec t s  of t he  Apollo program, but  
was a l s o  ed i t ed  f o r  comprehension by the  l a y  reader .  Nuch of the information contained herein 
has been extracted or summarized from Apollo Mission Reports,  Apollo Preliminary Science Reports,  
Apollo Experience Reports,  and o the r  appl icable  documents. 
not been published elsewhere. 
lowed by s p e c i f i c  aspects  of the o v e r a l l  program, including luna r  science,  vehicle  development, 
f l i g h t  operat ions,  and biomedical r e s u l t s .  Appendixes provide da t a  on each of t he  Apollo mis- 
sions (appendix A), mission type designat ions (appendix B) , spacecraf t  ve igh t s  (appendix C) , 
records achieved by Apollo crewmen (appendix D ) ,  veh ic l e  h i s t o r i e s  (appendix E), and a l i s t i n g  
of anomalous hardware conditions noted during each f l i g h t  beginning with Apollo 4 (appendix F ) .  
No attempt was made t o  include information per ta ining t o  the management of t he  Apollo program 
since t h i s  area deserves special  treatment.  Several o t h e r  a r e a s  were a l s o  considered t o  be be- 
yond the scope of t h i s  document, al though they were of g rea t  importance i n  accomplishing the  
e s t ab l i shed  program object ives .  

However, some of the information has 
A summary of  the f l i g h t s  conducted over an 11-year period is f o l -  

The names of  i n s t a l l a t i o n s  and geographical l oca t ions  used i n  t h e  report  are those t h a t  ex- 
i s t e d  during the Apollo program. For example, the Lyndon B. Johnson Space Center 1s r e f e r r e d  
t o  by i t s  former name. the Manned Spacecraft  Center,  and Cape Canaveral is r e fe r r ed  t o  as Cape 
Kennedy. Customary u n i t s  of measurement a r e  used throughout the report  except i n  luna r  science 
discussions.  Metric u n i t s  were used in the luna r  science discussions i n  the  Apollo Mission Re- 
po r t s  and a r e  a l s o  used in  t h i s  r epor t .  
s t a t u t e  miles. 

A l l  references t o  miles mean nau t i ca l  miles r a t h e r  than 
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2.0 FLIGRT PROGRAM 

The Apollo program consis ted of 33 f l i g h t s ,  11 of vhich were manned. The 22 unmanned f l i g h t s  
vere conducted t o  qua l i fy  the launch veh ic l e  and spacecraf t  f o r  manned space f l i g h t .  
manned f l i g h t s  were a l s o  conducted t o  m n - r a t e  the o v e r a l l  veh ic l e  f o r  lunar explorat ion.  The 
f i n a l  seven f l i g h t s  were conducted t o  explore  the  lunar environment and surface,  providing man 
v i t h  de t a i l ed  da t a  concerning the  moon and i ts  c h a r a c t e r i s t i c s .  

Four of t h e  

Especial ly  s i g n i f i c a n t  during the  Apollo program was  t h a t  no major launch veh ic l e  f a i l u r e  

T h i s  s ec t ion  of t he  
occurred t o  prevent a mission from being accomplished and only one i n f l i g h t  f a i l u r e  of a space- 
c r a f t  (Apollo 13) prevented the  intended mission from being accomplished. 
report  provides a summary of each of these f l i g h t s  and discusses  someof  t h e  =re s i g n i f i c a n t  
f indings.  

2.1 SATURN LAUNQl VEHICLE AND A P O U O  SPACECRAFT 
DEVEL.OPMENT FLIGHTS 

The e a r l y  development of t he  Saturn launch veh ic l e  vas conducted p r i o r  t o  t h e  f i n a l  decis ion 
that  man vould attempt t o  land on the lunar surfe-e.  
the f i r s t  i n s i g h t  of t he  c a p a b i l i t i e s  of l a r g e  boosters  and how such a booster  vould operate .  
The primary purposes of these missions vere t o  f l i g h t  qua l i fy  the  launch veh ic l e  s t ages  and sys- 
tems and t o  determine the  compatibi l i ty  of the launch vehicle/spacecraf t  combination. 
product of these f l i g h t s  was  data  obtained from experiments conducted t o  extend t h e  knowledge of  
the ionosphere. 
f l i g h t  test prograa t o  gather  data  on meteoroids. 

The i n i t i a l  10 f l i g h t s  provided man wi th  

A by- 

Also, t h ree  Pegasus satellites vere placed i n  o r b i t  during t h i s  p a r t  of t he  

2.1.1 Mission SA-1 

Apollo mission SA-1 was the f i r s t  f l i g h t  of the Saturn I launch veh ic l e .  The mission was 
unmanned and conducted f o r  research and development purposes. 
duuxny second s t age  and a nose cone from a J u p i t e r  mi s s i l e .  
ance, and the f l i g h t  t r a j e c t o r y  was suborb i t a l .  

The launch veh ic l e  c a r r i e d  a 
The veh ic l e  had no a c t i v e  path guid- 

The object ives  of the mission included: 

a. F l igh t  test of the eight  c lus t e red  H-1 engines 

b. Fl ight  test of t he  S-I s tage clustered propel lant  tankage s t r u c t u r e  

c .  F l igh t  test of t he  S-I s tage control  system 

d .  Performance measurement of bending and f l u t t e r ,  propel lant  s loshing,  base heat ing,  aero- 
dynamic-engine torque, and airframe aerodynamic heat ing 

The SA-1 veh ic l e  vas  launched on October 2 7 ,  1961, from Launch Complex 34 of the  Eastern T e s t  
Ranee, Cape Kennedy, Flor ida,  a t  01:00;06 p.m. e.s.t. (15:00:06 G . m . t . ) .  Two launch delays t o t a l -  
ing 54 minutes vere necessi ta ted because of cloud cover over the launch pad. 
shown in f igu re  2-1. 

The l i f t - o f f  is 

The f l i g h t  path o€ SA-1, from l i f t - o f f  through the cutoff  of t he  inboard engines,  was very 
close t o  t h a t  predicted.  
than-expected accelerat ions.  
t i o n a l l y  lower than predicted because the  cutoff  s igna l  occurred 1 . 6 1  seconds ea r ly .  
reached a maximum a l t i t u d e  of 84.6 miles and a maximum range of 206 miles. 

The t r a j e c t o r y  was s l i g h t l y  higher than predicted because of higher- 
The t r a j e c t o r y  parameters a f t e r  inboard engine cutoff  vere propor- 

The veh ic l e  

The mission was  considered a complete success. The vehicle  was instrumented f o r  505 i n f l i g h t  
measurements. of vhich 485 performed r e l i ab ly .  All primary f l i g h t  ob jec t ives  vere met. 

I 
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Figure 2-1 .- First Saturn vehicle lift-off. 
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2.1.2 Mission SA-2 

Apollo mission SA-2, an a a n n e d ,  research and developmental mission, was the second f l i g h t  
of the Saturn I launch vehicle .  The veh ic l e  carried a dummy second s tage and a J u p i t e r  mi s s i l e  
nose cone. The vehicle  had no a c t i v e  path guidance, and the  f l i g h t  t r a j e c t o r y  was suborb i t a l .  

The ob jec t ives  of the mission were: 

a. 

b. Prove the launch f a c i l i t i e s  and ground support equipment of Launch Complex 34 

c. Confirm the veh ic l e  aerodynamic c h a r a c t e r i s t i c s  i n  f l i g h t  

d. Prove the i n f l i g h t  performance of f i r s t  s tage engines and t h e i r  adequacy t o  reach de- 

Prove t h e  f i r s t  s tage propulsion system, s t r u c t u r a l  design,  and con t ro l  system 

sign ve loc i ty  

e. Verify the s t r u c t u r a l  design of the booster a i r f rame 

f .  

g. 

Mission SA-2 was launched on Apri l  25, 1962, from Cape Kennedy Launch Complex 34 a t  09:00:34 

Demonstrate t he  capab i l i t y  of t he  guidance and con t ro l  system t o  perform as required 

Release 22 900 gal lons of water in space as Project  High Water 1 

a.m. e.8.t. (14:00:34 C.m.t.). There was a 30-minute launch delay because a ship was i n  the down- 
range area.  

The f l i g h t  path of SA-2 agreed c lose ly  with the  predicted t r a j ec to ry .  However, the t r a j ec -  
tory during powered f l i g h t  was somewhat lower because of lower-than-anticipated accelerat ions.  
The des t ruc t  s igna l  f o r  detonating the  water container  of P ro jec t  High Water 1 was t ransmit ted 
162.56 seconds a f t e r  l i f t - o f f  when the vehfcle was a t  an a l t i t u d e  of 65.2 miles. Five seconds 
t h e r e a f t e r ,  the water formed i n t o  a 4.6-mile-dianeter i c e  cloud, which continued t o  climb t o  an 
a l t i t u d e  of 90 miles. The purpose of the Project  High Water experiment was t o  upset the concen- 
t r a t i o n  of water vapor i n  the ionosphere and t o  study the condi t ions as equilibrium was regained. 
Several  measurements were made during the experiment. For exanple, t he  e l ec t ron  production proc- 
ess rates in and near  the E-region were measured. 
r eac t ions  involving water, the hydroxyl ion,  d i a ton ic  and t r ia tomic oxygen, and hydrogen in  the 
region between 62 and 83.7 miles a l t i t u d e .  
Space Sciences and was the f i r s t  such large-scale test ever  made in  space. 

' 
Measurements were a l s o  made of the r a t e s  of 

The experiment was performed for NASA's Off ice  of 

2.1.3 Mission SA-3 

Apollo mission SA-3 w a s  the  t h i r d  f l i g h t  of the Saturn I launch vehicle .  Like SA-1 and SA-2, 
the mission was unmanned and conducted f o r  research and development purposes. This launch ve- 
h i c l e  a l s o  ca r r i ed  a dummy second s t age  and a J u p i t e r  missile nose cone. 
t i v e  path guidance, and the t r a j e c t o r y  was suborbi ta l .  
The ob jec t ives  were the  sane as those of mission SA-2. 

The vehicle  had no ac- 
The payload was P ro jec t  High Water 2. 

The SA-3 vehicle  w a s  launched on Hovember 16, 1962, from Cape Kennedy Launch Complex 34 a t  
12:45:02 p.m. e.s.t. (17:45:02 C.m.t.). 
ure  i n  the ground support equipment. 

There was a 45-minute launch delay due t o  a power fa i l -  

The ac tua l  f l i g h t  path of SA-3 was c lose  t o  the predicted one. A s l i g h t l y  lower accelera- 
t i o n  than planned caused the a l t i t u d e  and range t o  be less than predicted throughout powered 
f l i g h t .  
cutoff .  
seconds a f t e r  l i f t - o f f  when the vehicle  was a t  an a l t i t u d e  of 103.7 miles. The 22 900 gal lons 
of water formed an ice cloud t h a t  continued along the f l i g h t  path of the vehicle .  a s  had the  
cloud formed by Project  High Water 1 on the SA-2 mission. 
met. 

However, a longer f i r i n g  period than planned caused both t o  be g r e a t e r  a f t e r  f i r s t - s t a g e  
The des t ruc t  s igna l  f o r  t h e  container  of Project  High Water 2 was t ransmit ted a t  292 

A l l  ob j ec t ives  of the mission were 

I 
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2.1.4 Mission SA-4 

Apollo mission SA-4 w a s  the fou r th  launch of the Saturn I launch vehicle .  Like the th ree  
The SA-4 vehicle  previous missions,  an unmanned, research and developmental vehicle  was used. 

w a s  equipped with a dunmy second s tage and a J u p i t e r  mi s s i l e  nose cone. 
guidance, and the t r a j e c t o r y  was suborbi ta l .  

The veh ic l e  had no path 

The ob jec t ives  of t he  mission -re the sane a s  those of SA-2 and SA-3, with the  following 
two exceptions. 

a. Programmed premature cutoff of one of the e igh t  engines of the f i r s t  s t age  w a s  used t o  
demonstrate t h a t  the veh ic l e  could perform the mission with an engine out. 

b. 

Mission SA-4 was launched on March 28, 1963, from Cape Kennedy Launch Complex 34 a t  03:11:55 
p.m. e.s.t. (20:11:55 G.m. t .1 .  Three technical  delays,  t o t a l i n g  102 minutes, were experienced i n  
the countdown. 

Project  High Water payload was not ca r r i ed  on SA-4. 

The f l i g h t  path was c lose  t o  the predicted one. A s l i g h t l y  higher acce le ra t ion  and an e a r l y  
cutoff s igna l  caused the  maximum a l t i t u d e  t o  be 0.96 mile higher and the range t o  be 0.13 m i l e  
sho r t e r  than planned. Firs t -s tage engine 5 w a s  c u t  off a t  100.6 seconds a f t e r  l i f t - o f f ,  0.22 
second e a r l i e r  than planned. The veh ic l e  responded t o  the  e a r l y  shutdown as predicted and the 
f l i g h t  continued, successful ly  accomplishing the  object ive.  

2.1.5 Mission SA-5 

Apollo mission SA-5 was the f i f t h  launch of the Saturn I launch vehicle  and the  f i r s t  of a 
more advanced research and development configurat ion which had a l i v e  second s t age  and a func- 
t i o n a l  instrument un i t  f o r  onboard guidance. The launch vehicle  had a J u p i t e r  mi s s i l e  nose cone 
ba l l a s t ed  with sand t o  simulate the Apollo spacecraf t  mass cha rac t e r i s t i c s .  

SA-5 was an unmanned, research and developmental mission with the following object ives .  

a. F l igh t  test of t he  launch veh ic l e  propulsion, s t ruc tu re ,  and f l i g h t  con t ro l  systems 

b. F l igh t  test of t he  l i v e  second s t age  

C. Fl ight  test of the veh ic l e  Instrument unit 

d. Separation test of the f i r s t  and second launch vehicle  s tages  

a. 

f .  Recovery of movie cameras and f i l n  showing oxidizer  sloshing, s tage separat ion and o the r  

Checkout of Launch Complex 378 

performance c h a r a c t e r i s t i c s  

g. F l igh t  test of t he  S-I s t age  f i n s  

h. 

i. Functional test of  the funct ion of the e igh t  holddown arms on the launcher 

j .  Functional t e a t  of the s t age  separat ion timer 

k. 

1. 

Hission SA-5 vas launched on January 29, 1964, from Cape Kennedy Launch Complex 37B a t  
11:25:01 a.m. e.8.t. (16:25:01 G.m.t.). Seventy-three minutes of launch delays during t h e  count- 
down *re necess i t a t ed  because of i n t e r f e rence  on the C-band radar and the conanand d e s t r u c t  f re-  
quencies. 

DeGonstration test of  l i q u i d  hydrogen venting i n  the second s tage 

Operational test of a passenger ST-124 s t a b i l i z e d  platform i n  the guidance u n i t  

Orbi t ing of a payload rseighing 37 700 pounds 

4 

8 
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T h e  f l i g h t  path of SA-5 w a s  c lose  t o  the predicted one. However. a t  outboard engine cutoff  
By the of t he  S-I s t age ,  t he  cross-range dev ia t ion  was 1 mile t o  t h e  l e f t  of the planned point.  

end of the S-IV s t age  f i r i n g ,  t he  dev ia t ion  had increased t o  13.2 miles. 
load of nose cone, including 11 500 pounds of  sand, vas placed i n t o  an o r b i t  v i t h  a perigee of  
162.6 miles and an apogee of 478.3 miles. The f l i g h t  produced seve ra l  f i r s t s  f o r  t h e  Saturn I 
vehicle .  
produced 188 000 pounds of t h rus t .  Also, several  cameras t h a t  recorded data during f l i g h t  were 
e j ec t ed  and recovered. An onboard t e l e v i s i o n  
camera a l s o  t ransmit ted da t a  during t h e  f l i g h t .  
as did the  instrument unit .  

The 37 700-pound pay- 

It marked the  f i r s t  f l i g h t  of  the inproved 8-1 engines in the  S-I stage.  The new m d e l  

Of the e igh t  cameras used, seven were recovered. 
The second o r  S-IV s t age  operated as planned, 

2.1.6 Mission A-101 

Apollo mission A-101 w a s  the f i r s t  of tvo f l i g h t s  of Apollo b o i l e r p l a t e  spacecraf t  t o  demon- 
s t r a t e  the compatibi l i ty  of the Apollo spacecraf t  with the  Saturn I launch vehicle  i n  a launch 
environment similar t o  t h a t  expected f o r  Apollo Saturn V o r b i t a l  f l i g h t s .  
j e c t i v e  of t h i s  mission was t o  demonstrate t he  primary mode of launch escape tower j e t t i s o n  US- 
ing the  escape tower j e t t i s o n  motor. 

h t h e r  important ob- 

In addi t ion t o  the b o i l e r p l a t e  command and se rv ice  module, the spacecraf t  included a produc- 
Also, t h e  spacecraf t  tion-type launch escape system and a service module/launch vehicle  adapter.  

was equipped with instrumentation t o  obtain f l i g h t  data  f o r  engineering ana lys i s  and evaluation. 
The assembly was designated BP-13. The launch veh ic l e  (SA-6) consisted of an S-I f i r s t  s t age ,  
an S-IV second s t age ,  and an instrument uni t .  
the launch pad approximately 1 month before launch. 

Figure 2-2 shows the  veh ic l e  undergoing tests on 

The space vehicle  w a s  launched i n t o  ea r th  o r b i t  on May 28. 1964, a t  12:07:00 p.m. e.8.t. 
(17:07:00 G.m.t.) from Cape Kennedy Launch Complex 37B. The Spacecraft ,  S-IV stage,  and in s t ru -  
ment un i t  were in se r t ed  i n t o  o r b i t  as a s ing le  unit .  

The t r a j e c t o r y  provided the launch environment required f o r  the Spacecraft  mission, and a l l  
spacecraf t  systems f u l f i l l e d  their spec i f i ed  funct ions throughout t he  countdown and f l i g h t  test .  
Telemetry recept ion was continuous during launch and e x i t  except fo r  about 3 seconds during 
launch veh ic l e  staging. 
fou r th  o r b i t a l  pass. 

Data were obtained by telemetry u n t i l  t he  b a t t e r i e s  were expended i n  the 

Aerodynamic heat ing produced a maximum t russ  member bond-line tenperature  on t he  launch cs- 
cape tower t h a t  was less than 20 percent of t he  design l i m i t  (550' F). 
of s t r a i n  gage, pressure,  and acce le ra t ion  data  indicated t h a t  t he  spacecraf t  s t r u c t u r e  w a s  ade- 
quate for the  f l i g h t  environment encountered. 

P o s t f l i g h t  examination 

The launch veh ic l e  f l i g h t  perfornance was acceptable in  meeting the required spacecraf t  test 
ob jec t ives  and a l l  spacecraf t  ob jec t ives  *re s a t i s f a c t o r i l y  f u l f i l l e d  before in se r t ion .  
network maintained radar  sk in  t racking u n t i l  spacecraf t  en t ry  over the P a c i f i c  Ocean near Canton 
Is land during the 54th o r b i t a l  pass. 
not recovered. 

The 

The spacecraf t  was not designed t o  survive en t ry  and vas  

2.1.7 Mission A-102 

Mission A-102 vas the  second of the tvo  b o i l e r p l a t e  spacecraf t  f l i g h t s  conducted t o  demon- 
The alter- strate the  compatibi l i ty  of the Apollo spacecraf t  with the Saturn I launch vehicle .  

nate  mode of launch escape tower j e t t i s o n  vas a l s o  t o  be demonstrated using the  launch escape 
motor and p i t c h  con t ro l  motor. The launch t r a j e c t o r y  fo r  t h i s  mission vas s imi l a r  t o  t h a t  of 
mission A-101. 

The spacecraf t  consis ted of a b o i l e r p l a t e  comnand and se rv ice  nodule, a launch escape sys- 
t e m ,  and a se rv ice  mdule/ launch vehicle  adapter  (BP-15). 
t h a t  of the spacecraf t  f o r  t he  A-101 mission. 
of the four simulated react ion con t ro l  system assemblies on t h e  se rv ice  module vas  instrumented 
t o  provide data  on the  aerodynamic heat ing and v ib ra t ion  l e v e l s  experienced by the assemblies 
during launch. 
and an instrument un i t .  

The instrumentation vas s imi l a r  t o  
A s i g n i f i c a n t  difference,  however, vas t h a t  one 

The launch vehicle  (SA-7) consisted of an S-I f i rs t  s tage,  an S-IV second s t age ,  
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Figure 2-2.- Saturn vehicle SA-6 undergoing tests on Launch Complex 376. 
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T h e  spacecraf t  was launched i n t o  e a r t h  o r b i t  on September 18, 1964, a t  11:22:43 a.m. e.8.t. 
The ve loc i ty ,  a l t i t u d e ,  and f l i gh t -pa th  (16:22:43 G.m.t.) from Cape Kennedy Launch Complex 37B. 

angle a t  the  tine of S-I s tage cutoff were s l i g h t l y  higher than planned. A t  S-IV s t age  c u t o f f ,  
t h e  a l t i t u d e  was s l i g h t l y  lower and the  ve loc i ty  was s l i g h t l y  higher than planned, r e s u l t i n g  in 
a more e l l i p t i c a l  o r b i t  than planned. The S-Tv, instrument u n i t ,  and the attached spacec ra f t  
(without the launch escape system which was j e t t i s o n e d )  Were inse r t ed  i n t o  o r b i t  as a s i n g l e  un i t .  

The instrumentat ion system was successful i n  d e t e m i n i n g  t h e  launch and e x i t  environment, 

The measurements indicated t h a t  t he  spacec ra f t  performed satis- 
and telemetry recept ion of the d a t a  was continuous through launch and e x i t  except f o r  a sho r t  
period during veh ic l e  s taging.  
f a c t o r i l y  in the launch environment. 

The launch-heating environment of the spacecraf t  was s i n i l a r  t o  t h a t  encountered on t h e  
A-101 mission. 
the inf luence of surface i r r e g u l a r i t i e s  and circumferent ia l  va r i a t ions  on the amount of heat ing 
experienced was somewhat d i f f e r e n t  for the  two f l i g h t s  because of d i f f e rences  in  t r a j e c t o r y  and 
angle of a t tack.  The command and se rv ice  module heat ing r a t e s  vere within the predicted range. 
The heat protect ion equipment on the launch escape systen was subjected t o  temperatures much 
lower than the design l i m i t s ,  which were establ ished on the b a s i s  of an aborted mission. 

Peak values  a t  mst po in t s  fo r  t he  two f l i g h t s  were approxinately equal: however, 

J e t t i s o n i n g  of the launch escape tower by the a l t e r n a t e  m d e  was successful .  Pos i t i ve  ig- 
n i t i o n  of the p i t ch  con t ro l  motor could not be de temined ;  however, t he  general  t r a j e c t o r y  fndi- 
cated t h a t  the uutor  operated properly. The launch escape motor, together  with the p i t ch  c o n t r o l  
motor, ca r r i ed  the t o w r  s t r u c t u r e  sa fe ly  out  of the path of t he  spacecraf t .  

The connnand m d u l e  in s t runen ta t ion  compartment d i f f e r e n t i a l  pressure reached a maximum of 
13.3 p s i ,  but vented rapidly a f t e r  launch escape systen separation. A 1.8g, peak-to-peak, 10- 
hertz  v ib ra t ion  was noted during holddown. Other v ib ra t ion  modes were similar t o  those experi-  
enced during the A-101 mission. 
t r o l  system assembly were above the design l i m i t .  

The measured v ib ra t ion  l e v e l s  of the instrumented r eac t ion  con- 

Radar skin t racking of the spacecraf t  was continued by the  network u n t i l  i t  entered over 
the Indian Ocean during the 59th revolution. No provis ions had been made f o r  recovery of t he  
spacecraf t  and it  d i s in t eg ra t ed  during entry.  All spacecraf t  test o t j e c t i v e s  f o r  the mission 
*re s a t i s f a c t o r i l y  f u l f i l l e d ;  launch vehicle  perfomance wae a l s o  s a t i s f a c t o r y .  

2.1.8 Mission A-103 

Mission A-103 was the eighth unmanned Saturn f l i g h t .  It was t h e  i n i t i a l  veh ic l e  i n  the  
operat ional  s e r i e s  of Saturn I launch veh ic l e s  and the t h i r d  t o  ca r ry  an Apollo b o i l e r p l a t e  pay- 
load. The veh ic l e  a l s o  o rb i t ed  t h e  f i r s t  of t h ree  meteoroid technology s a t e l l i t e s ,  Pegasus A 
( f ig .  2-3). 

Of 1 2  f l i g h t  ob jec t ives  assigned, two were concerned with the operat ion of the Pegasus sa t -  
e l l i t e ,  e igh t  with launch veh ic l e  systems p e r f o m n c e ,  one with j e t t i s o n i n g  the  launch escape 
system, nnd one with separat ion of the bo i l e rp l a t e  spacecraf t .  The satell i te ob jec t ives  vere 
(1) demonstration of t h e  funct ional  operat ions of t he  mechanical, s t r u c t u r a l ,  and e l e c t r o n i c  EYS- 
tern and (2) evaluat ion of meteoroid data sanpling i n  near-earth o r b i t .  Since tbe launch t r a j e c -  
tory was designed t o  insert the Pegasus eatel l i te  i n t o  the proper o r b i t ,  i t  d i f f e r e d  substant i -  
a l l y  from the Apollo/Saturn V t r a j e c t o r y  used in missions A-101 and A-102. 

The launch veh ic l e  (SA-9) consis ted of an S-I first stage,  an S-IV second s tage,  and an fn- 

The se rv ice  module enclosed 

The launch 

strument un i t .  
escape system, and a se rv ice  amdule/launch vehicle  adapter  (BP-16). 
the Pegasus satell i te.  
adapter,  which remained at tached t o  the instrument u n i t  and the expended S-IV stage.  
escape system was j e t t i soned  during l a u n c h i n d  the c o m n d  module was j e t t i s o n e d  af ter  o r b i t a l  
i n se r t ion .  The s a t e l l i t e  weighed approximately 3980 pounds and was 208 inches high, 84 inches 
wide, and 95 inches deep. 

The Spacecraft  consis ted of a b o i l e r p l a t e  cormand and s e r v i c e  m d u l e ,  a launch 

The o r b i t a l  configurat ion consis ted o f  t h e  s a t e l l i t e  mounted on the  

The vidrh of t he  deployed wings was 96 f e e t .  

I 
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Figure 2-3 .- Deployment of Pegasus satellite. 
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The veh ic l e  was launched from Ca-pe Kennedy Launch Complex 37B at  W:37:03 a.m. e.s.t. 
(14:37:03 G.n.t.) on February 16, 1965. A hold of 1 hour and 7 minutes w a s  caused by a power 
f a i l u r e  in the  Eastern T e s t  Range f l i g h t  s a fe ty  computer. 
a l s o  used t o  discharge and recharge a ba t t e ry  in t h e  Pegasus satel l i te  as a check t h a t  i t  was 
functioning properly. 

A bu i l t - i n  hold of 30 minutes was 

The launch was normal and the payload vas inse r t ed  i n t o  o r b i t  approxiaately 10.5 minutes 
a f t e r  launch. 
t he  apogee was 461.9 miles. and the o r b i t a l  i n c l i n a t i o n  vas 31.76'. 
a period of 97.1 minutes. 

The to ta l  mass placed in o r b i t  was 33 895 pounds. The perigee was 307.8 miles, 
The Pegasus s a t e l l i t e  had 

The t r a j e c t o r y  and space-fixed ve loc i ty  =re very nea r ly  as planned. The Apollo shroud 
separated from the  Pegasus satel l i te  about 804 seconds a f t e r  l i f t - o f f  and deployment of two me- 
teoroid de t ec t ion  panel wings of t he  Pegasus s a t e l l i t e  comnenced about 1 minute later. 
dicted useful  l i f e t i m e  of Pegasus A in o r b i t  was 1188 days. The s a t e l l i t e  was couenanded off  on 
August 29, 1968. 
A satellite. mission A-103 was a success i n  that dl ob jec t ives  -re met. 

The pre- 

Although minor malfunctions occurred in both the launch veh ic l e  and the Pegasus 

2.1.9 Mission A-104 

Mission A-104 was the  n in th  test f l i g h t  of  the Saturn I. This mission was  the second f l i g h t  
i n  the Saturn I operat ional  series and t h e  fourth vehicle  t o  ca r ry  an Apollo b o i l e r p l a t e  space- 
c r a f t .  
mission ob jec t ives  were (1) evaluat ion of meteoroid data  sampling i n  near-ear th  o r b i t  and (2) 
demonstration of the launch veh ic l e  i t e r a t i v e  guidance w d e  and evaluat ion of system accuracy. 
The  launch t r a j e c t o r y  was  similar t o  that of mission A-103. 

The vehicle  a l s o  launched the  Pegasus B meteoroid technology satell i te.  The two primary 

The Saturn launch veh ic l e  (SA-8) and payload were similar  t o  those of  mission A-103 except 
t h a t  a s ing le  r eac t ion  con t ro l  engine assembly w a s  wun ted  on the b o i l e r p l a t e  s e rv i ce  module 
(BP-26) and the  assembly w a s  instrumented t o  acquire  add i t iona l  da t a  on launch environment tem- 
peratures .  
engines were of a prototype configurat ion instead of a l l  engines being simulated. 
weighed approximately 3080 pounds and had the same dimensions as Pegasus A. 

T h i s  assembly also d i f f e red  from the one on the A-101 mission in t h a t  two of t he  four  
Pegasus B 

Mission A-104 was launched from Cape Kennedy Launch Complex 378 a t  02:35:01 a.m. e.s.t. 
(07:35:01 G.m.t.) on May 25. 1965, the f i r s t  nighttime launch in the Saturn I series (f ig .  2-4). 

A bu i l t - i n  35-minute hold vas used t o  ensure tha t  launch t i m e  coincided with the opening of t he  
launch window. 

The launch w a s  normal and the payload was i n se r t ed  i n t o  o r b i t  approximately 10.6 minutes 
a f t e r  l i f t - o f f .  The t o t a l  mass placed in  o r b i t ,  including the spacec ra f t ,  Pegasus B, adapter ,  
instrument u n i t ,  and S-IV s tage,  was 34 113 pounds. 
miles, r e spec t ive ly ;  t he  o r b i t a l  i nc l ina t ion  was 31.78'. 

The perigee and apogee were 314.0 and 464.1 

The a c t u a l  t r a j e c t o r y  was close t o  the one predicted,  and the  spacecraf t  w a s  separated 806 
The 

The satel l i te  instrumentat ion and beacon8 
Several  minor malfunctions occurred i n  the S-I s tage pro- 

seconds a f t e r  l i f t - o f f ,  
predicted o r b i t a l  l i f e t i m e  of Pegasus B was 1220 days. 
vere comanded o f f  on August 29, 1968. 
puls ion system; however, a l l  mission ob jec t ives  were successful ly  achieved. 

The  deployment of the Pegasus B wings began about 1 minute later. 

2.1.10 Mission A-105 

Mission A-105, t he  t h i r d  f l i g h t  of an operat ional  Saturn I, was the  last  i n  the series of 
Saturn I f l i g h t s .  The payload consis ted of an Apollo b o i l e r p l a t e  spacecraf t  (BP-9A) which 6erved 
a s  a shroud f o r  t he  t h i r d  Pegasus meteoroid technology satell i te,  Pegasus C. 
f l i g h t  ob jec t ives  were (1) the co l l ec t ion  and evaluat ion of meteoroid data  i n  near-earth o r b i t  
and ( 2 )  the  continued demonstration of t he  launch veh ic l e  i t e r a t i v e  guidance mode and evaluat ion 
of system accuracy. 

The two primary 

I 
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Figure 2-4.- Space vehicle lift-off for mission A-104. 
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The Saturn launch vt :le (SA- 0) was s n i l a r  t o  thos of  missions A-103 and A-104. A s  on 
the previous mission, the b o i l e r p l a t e -  s e rv i ce  m d u l e  was equipped with a test I n s t a l l a t i o n  of a 
react ion con t ro l  engine package. 
i ts predecessors. 

Pegasus C weighed 3138.6 pounds and had t h e  same dimensions as 

Mfssion A-105 w a s  launched from Cape Kennedy Launch Complex 37B a t  08:OO:OO a.m. e.s.t. 
(13:Ml:M) C.m.t.) on J u l y  30, 1965. 
wlth t h e  opening of t he  Pegasus launch window. 
aer ted i n t o  o r b i t  approximately 10.7 minutes a f t e r  l i f t - o f f .  
Including t h e  spacec ra f t ,  Pegasus C, adapter ,  inst runent  un i t ,  and S-IV s t age ,  was 34 438 pounds. 

The separat ion and e j e c t i o n  system 
The  two meteoroid de t ec t ion  panel wings of t he  s a t e l l i t e  Yere deployed from 

A planned 30-minute hold ensured t h a t  launch time coincided 
The launch was normal and the  payload w a s  In- 

The t o t a l  mass placed i n  o r b i t ,  

The spacecraf t  was separated 812 seconds a f t e r  l i f t - o f f .  
operated a s  planned. 
t h e i r  folded pos i t i on  40 seconds a f t e r  c o a n d  I n i t i a t i o n  a t  072 seconds. 

The predicted useful  l i f e t i m e  of the satell i te (720 days) was exceeded, and the  beacons and 
telemetry transmitters were comanded off  on August 29, 1968. 
phere on August 4, 1969. 

Pegasus C entered the  e a r t h  atmos- 
A l l  primary and secondary ob jec t ives  were at ta ined.  

Details of the. t h r e e  Pegasus f l i g h t s  are contained in references 2-1. 2-2 and 2-3. 

2.2 A P O U O  SPACECRMT ABORT TESTS 

The Apollo spacecraf t  abort  tests consis ted of s i x  f l i g h t s  t o  demonstrate t he  adequacy of 
the Apollo launch escape system and to ve r i fy  the performance of t h e  cotmuand module e a r t h  landing 
system. These f l i g h t e  were launched f r w  Complex 36 a t  White Sands Mfssile Range, New Mtxico, 
which in approximately 4000 f e e t  above mean Ma leve l .  
launch escape system motors being ign i t ed  at ground level, while t h e  remaining tests were COO- 
ducted using the L i t t l e  Joe 11 launch vehicle  t o  boost the spacecraf t  t o  various points  in t he  
Saturn launch t r a j e c t o r y  f o r  abort  i n i t i a t i o n .  
w a ~  an unplanned f a i l u r e  of a launch veh ic l e  r e s u l t i n g  In an a c t u a l  abort s i t u a t i o n  in &lch a11 
spacecraf t  rystcma operated s a t i s f a c t o r i l y .  

Two of the  twts were conducted wlth the 

A s i g n i f i c a n t  event in t h i s  aeries of f l i g h t s  

2.2.1 Pad Abort T e s t  1 

Apollo Pad Abort T e s t  1 was an unmanned f l i g h t  using the launch escape system t o  demonstrate 
the c a p a b i l i t y  of  the Apollo spacecraf t  t o  abort  from the  launch pad and thus provide crew safety.  
Of the s ix  f i r s t -o rde r  test ob jec t ives  assigned, those of primary importance vere t o  (1) deter-  
mine the aerodynamic s t a b i l i t y  c h a r a c t e r i s t i c s  of the Apollo escape configurat ion during a pad 
abort ,  (2) demonstrate tbe capab i l i t y  of t h e  escape sys t en  t o  propel a c o m n d  module a s a f e  dis-  
tance from II launch vehicle  during a pad abor t ,  and (3) demonstrate t h e  e a r t h  landing t iming se- 
quence and proper operat ion of the parachute system. 

The test veh ic l e  consis ted of a production launch escape system i n  combination with a bo i l e r -  
p l a t e  comnnnd m d u l e  (BP-6). t he  f i r s t  Apollo b o i l e r p l a t e  spacecraf t  t o  be flown ( f ig .  2-5). 
Since the  ccrmmand module was no t  representat ive of the a c t u a l  spacecraf t ,  no Instrumentation was 
provided t o  determine s t r u c t u r a l  loads.  
a t ions,  angle of a t t ack ,  Mach number, and dynanic pressure allowed determination of i n f l i g h t  
loads r e s u l t i n g  from the  ex te rna l  environment o r  vehicle  dynamics. 
in a v e r t i c a l  pos i t i on  on th ree  bearing points  of a supporting s t r u c t u r e  a t tached t o  a concrete  
pad. 

Measurements of such c h a r a c t e r i s t i c s  as veh ic l e  acceler- 

The comand module was mounted 

The test was i n i t i a t e d  on November 7, 1963, a t  09:OO:Ol a.m. m. s . t .  (16:OO:Ol G.m. t .1  by 
The s i g n a l  ac t iva t ed  the  t ransmit t ing a ground commanded abort  s igna l  t o  the conmand module. 

abort  r e l a y  in the launch escape system sequencer, which i n  turn sen t  a s igna l  t o  ignite t h e  
launch escape and p i t c h  con t ro l  motors. 
the couunand module along a planned t r a j ec to ry .  
eeconds a f t e r  engine i g n i t i o n  and followed a b a l l i s t i c  t r a j ec to ry .  
normal parachute descent a t  a ve loc i ty  of 24 f e e t  per  second. 
curred a t  165.1 seconds. 

These motors i gn i t ed  almost simultaneously and l i f t e d  
The launch escape tower was separated about 15 

The conmand module made a 
Landing of  the command module oc- 
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The vehicle  exceeded the  Apollo minimum a l t i t u d e  and range requirements f o r  a pad abort  by 
970 f e e t  and 1525 f e e t ,  respect ively.  
during the powered phase of f l i g h t ,  all ob jec t ives  of t h e  f l i g h t  vere s a t i s f i e d .  

Although the veh ic l e  s t a b i l i t y  was less than predicted 

2.2.2 Hission A-001 

Mission A-001 was the  second i n  the  series of tests conducted t o  demonstrate t h a t  t he  launch 
escape system could sa fe ly  remove the  cornnand module under c r i t i c a l  abort  condi t ions.  Unlike Pad 
Abort Test 1, i n  which the  launch escape system was ign i t ed  a t  ground l e v e l ,  t h i s  mission was 
flown t o  demonstrate t he  capab i l i t y  of the escape system t o  propel t h e  commnd module sa fe ly  away 
fron a launch vehicle  while in  the high-dynamic-pressure ( t ransonic)  region of t he  Saturn t r a j ec -  
tory.  

The launch veh ic l e  was the second i n  the  series of L i t t l e  Joe I1 veh ic l e s ,  which had been de- 
The L i t t l e  Joe I1 veloped t o  accomplish e a r l y  and economical t e s t i n g  of t he  launch escape system. 

was propelled by seven solid-propellant rocket w t o r s  - one Algol sus t a ine r  motor, which provided 
th rus t  f o r  about 42 seconds, and s i x  Recruit  motors, which burned ou t  approximately 1.5 seconds 
a f t e r  i gn i t i on .  The spacecraf t  consis ted of a launch escape system and a b o i l e r p l a t e  command and 
se rv ice  module (BP-12). 

Unacceptable wind condi t ions had forced a 24-hour postponement of the launch, but the ve- 
h i c l e  was successful ly  launched ( f ig .  2-6) on Ehy 13,  1964, a t  05:59:59.7 a .m.  m . 6 . t .  (12:59:59.7 
G.m.  t )  . A ground coarmanded abort  signal terminated t h r u s t  of the launch veh ic l e  (by ruptur ing 
the Algol motor casing) ,  i gn i t ed  the launch escape and p i t ch  con t ro l  motors, and separated t h e  
command module from the service module. Some s t r u c t u r a l  damage was incurred by the command m d -  
u l e  a f t  heat sh i e ld  because of recontact  with the booster  a t  t h r u s t  termination. A t  approxi- 
mately 44 seconds, the tower j e t t i s o n  w t o r  was ign i t ed  and s a t i s f a c t o r i l y  separated t h e  launch 
escape tower from the couunand module. 

The e a r t h  landing sequence was normal u n t i l  a r i s e r  f o r  one of t he  three main parachutes 
broke a s  a r e s u l t  of i ts rubbing against  the s t r u c t u r e  on the  c o m n d  module upper deck. The 
parachute separated;  however, the conmrend module, supported by the  two remaining parachutes ,  de- 
scended a t  r a t e s  of 30 t o  26 f e e t  per  second instead of the predicted 24 feet per second with 
th ree  parachutes.  
t a in ing  an a l t i t u d e  of 29 772 f e e t  above mean sea l e v e l .  
t e s t  object ives  vere s a t i s f i e d .  

The comand module l a d e d  22 400 feet down range a t  350.3 seconds a f t e r  a t -  
Except f o r  t he  parachute f a i l u r e ,  a l l  

~ 

2.2.3 Mission A-002 

Mission A-002 was the t h i r d  i n  the series of abort  tests t o  demonstrate t h a t  t he  launch es- 
The main ob- cape system would perform s a t i s f a c t o r i l y  under se l ec t ed  c r i t i c a l  abort  condi t ions.  

j e c t i v e  of t h i s  mission was t o  demonstrate the abort  capab i l i t y  of the launch escape vehicle  i n  
the naximum dynamic pressure region of the  Saturn t r a j e c t o r y  with condi t ions approximating the  
a l t i t u d e  l i m i t  a t  which the Saturn emergency de tec t ion  system w u l d  s igna l  an abor t .  

The launch veh ic l e  was the t h i r d  i n  the  L i t t l e  Joe 11 series. This veh ic l e  d i f f e r e d  from 
the  previous two i n  t h a t  f l i g h t  con t ro l s  and instrumentation w e r e  incorporated,  and the  vehicle  
was powered by two Algol and four  Recruit rocket motors. 
changed from previous configurat ions i n  t h a t  canards (forward con t ro l  surfaces  used t o  o r i e n t  
and s t a b i l i z e  the  escape veh ic l e  in the entry a t t i t u d e )  and a command module boost p ro t ec t ive  
cover were incorporated.  
v i c e  module (BP-23). 
the i n s t a l l a t i o n  of modified dual-drogue parachutes instead of a single-drogue parachute.  

The launch escape system was a l s o  

The Apollo spacecraf t  was simulated by a b o i l e r p l a t e  comnand and ser-  
The e a r t h  landing system w a s  modified from t h e  previous configurat ion by 

-_ ~ 

The A-002 vehicle  was launched on December 8,  1964, a t  08:OO:OO a.m. m . s . t .  (15:OO:OO G . m . t . 1  
by i g n i t i n g  a l l  launch vehicle  motors simultaneously. 
from saturn boost-trajectories, and a nominal test point  w a s  used f o r  t he  maximum dynamic pressure 
region. A pitchup maneuver and the abort  were i n i t i a t e d  by using a real-t ime p lo t  of t he  dynamic 
pressure versus Mach number. 
input t o  the real-time data  system, r e s u l t i n g  i n  the pitchup maneuver being i n i t i a t e d  2.4 seconds 
ea r ly .  Although the planned test point was not achieved, t he  e a r l y  pitchup caused a higher maxi- 
mum dynamic pressure than the design value.  

Conditions a t  abort  i n i t i a t i o n  were se l ec t ed  

However, an improper constant was used in t he  meteorological da t a  
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Figure 2-6.- Vehicle lift-off for mission A-001. 
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Canard deployment took place as expected 11.1 seconds a f t e r  abort  i n i t i a t i o n .  The launch 
During escape veh ic l e  tumbled four  times before s t a b i l i z i n g  with the a f t  heat sh i e ld  forward. 

t he  f i r s t  turnaround, t he  s o f t  port ion of t he  boost p ro t ec t ive  cover was to rn  away from the  com- 
mand module. 
sea l e v e l .  

Maximum a l t i t u d e  a t t a ined  by the launch escape veh ic l e  was 50 360 f e e t  above mean 

Baroswitches i n i t i a t e d  the ea r th  landing sequence a t  an a l t i t u d e  of approximately 23 500 
f e e t  above mean sea l e v e l .  
by the three main parachutes,  descended a t  the planned r a t e  of about 24 f e e t  per second t o  an 
e a r t h  landing 32 800 f e e t  down range. 

A l l  parachute@ deployed properly and the command module. supported 

The abort  condi t ions obtained were more than adequate i n  ve r i fy ing  the  abort  capab i l i t y  i n  
the maximum dynamic pressure region. 
t i v e  cover was s t r u c t u r a l l y  inadequate f o r  the environnent experienced during t h i s  mission. 

Only one test object ive was not achieved; the boost protec- 

2.2.4 Mission A-003 

Apollo mission A-003 w a s  the fou r th  mission t o  demonstrate the abort  capab i l i t y  of t he  
Apollo launch escape system. 
performance a t  an a l t i t u d e  approximating the upper limit for  the canard subsystem. 

The purpose of t h i s  f l i g h t  was t o  demonstrate launch escape veh ic l e  

The launch vehicle  was similar t o  the  one used f o r  mission A-002 except t h a t  the propulsion 
system consis ted of s i x  Algol motors. The unnanned f l i g h t  test vehicle  consis ted of an Apollo 
b o i l e r p l a t e  command and se rv ice  module (BP-22) and a launch escape system similar t o  the  one used 
on the previous mission. The command module ea r th  landing system configurat ion was ref ined t o  
be more near ly  l i k e  t h a t  of the planned production system, and a forward heat sh i e ld  j e t t i s o n i n g  
system was provided. 

The t e s t  vehicle  was launched on May 19. 1965, a t  06:01:04 a.m. m . 8 . t .  (13:01:04 C.m. t . 1 .  
Within 2.5 seconds a f t e r  l i f t - o f f ,  a launch veh ic l e  malfunction caused the vehicle  to  go out of 
con t ro l .  The r e s u l t i n g  r o l l  r a t e  caused the launch vehicle  t o  break up before second-stage ig- 
n i t i o n ,  and a low-alt i tude spacecraf t  abort  was i n i t i a t e d  instead of the planned high-al t i tude 
abor t .  The launch escape system canard surfaces  deployed and survived the severe environment. 
The high r o l l  r a t e s  (approximately 260' per second a t  the t i m e  of canard deployment) induced by 
the  launch veh ic l e  malfunction s t a b i l i z e d  the launch escape vehicle  i n  a tower-forward a t t i t u d e .  
which overcame the des t ab i l i z ing  e f f e c t  of the canards. Pos t f l i gh t  s imulat ions v e r i f i e d  the i n -  
e f f ec t iveness  of the canards a t  t he  high r o l l  r a t e ,  but showed t h a t  t he  canards would be effec-  
t i v e  a t  the 20' per second r o l l  rate l i m i t  of the Saturn emergency de tec t ion  system. 

A l l  spacecraf t  systems operated s a t i s f a c t o r i l y .  The comnand module forward heat  sh i e ld  was 
protected by the hard port ion of the  boost p ro t ec t ive  cover and was j e t t i s o n e d  s a t i s f a c t o r i l y  i n  
an apex-forward a t t i t u d e  a t  low a l t i t u d e .  The s o f t  port ion of the boost p ro t ec t ive  cover remained 
i n t a c t  u n t i l  tower j e t t i s o n .  A t  tower j e t t i s o n ,  pa r t  of the cover stayed with the conmand module 
f o r  a short  time although the rest of t he  cover moved ak2y with the  tower, 
the boost p ro t ec t ive  cover remained i n t a c t  u n t i l  ground impact. Both drogue parachutes i n f l a t e d ,  
even under the severe condi t ions t h a t  exis ted;  t h a t  i s ,  command module apex forward and r o l l i n g .  
The command module wa8 e f f e c t i v e l y  s t a b i l i z e d  and or iented f o r  deployment of t h e  main parachutes. 

The hard portion of 

Because of the e a r l y  launch vehicle  breakup, the desired a l t i t u d e  of 120 000 f e e t  was not 
However, the Bpacecraft did demonstrate a successful  low-alt i tude (12 400 f t )  abort  achieved. 

from a rapidly r o l l i n g  (approximately 335' per second) launch veh ic l e .  The Mach number, dynamic 
pressure,  and a l t i t u d e  a t  t he  t i m e  of abort  were s imi l a r  t o  Saturn I B  or Saturn V launch t r a j ec -  
tory conditions.  

2.2.5 Pad Abort T e s t  2 

Apollo Pad Abort Test 2 was the  f i f t h  of s i x  unmanned Apollo missions t h a t  f l i g h t  t e s t ed  the 
capab i l i t y  of t he  launch escape system t o  provide f o r  s a fe  recovery of Apollo crews under c r i t i c a l  
abort  conditions.  This f l i g h t  was the second t e s t  of the launch escape system with the  abort  i n i -  
t i a t e d  from the launch pad. 

! ORIGINAL PAGE IS 
OF POOR QUALITY 
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The launch escape sys t en  included qua l i f i ed  launch escape and p i t ch  con t ro l  motors and was 
equipped with canards t o  o r i e n t  the vehicle  a f t  heat sh i e ld  forward p r i o r  t o  tower j e t t i s o n  and 
parachute deployment. 
b o i l e r p l a t e  command module t h a t  had been used on mission A402 and refurbished t o  more near ly  
simulate a Block-I-type c o m n d  module i n  mass and o the r  c h a r a c t e r i s t i c s .  
t e m  w a s  s imi l a r  t o  the one used in mission A-003. 

A boost p ro t ec t ive  cover w a s  also provided. The spacecraf t  w a s  BP-23A, a 

The e a r t h  landing sys- 

The test f l i g h t  w a s  conducted on June 29 ,  1965. The  vehicle  w a s  l i f t e d  from Launch Complex 
36 by the  launch escape motor a t  06:OO:Ol a.n. m.s . t .  (13:OO:Ol G.n.t.). 
p i t c h  con t ro l  r o t o r s  i gn i t ed  simultaneously,  placing the  test vehicle  i n t o  the planned i n i t i a l  
t r a j ec to ry .  
metry of the vehicle  configurat ion;  however, the r o l l  rate did not a f f e c t  the success of the 
test. 

The launch escape and 

A moderate r o l l  r a t e  developed a t  l i f t - o f f ,  which was due t o  the aerodynamic asym- 

The canard surfaces  deployed and turned the vehicle  t o  the des i r ed  o r i en ta t ion  f o r  drogue 
parachute deployment. 
sh i e ld  were j e t t i s o n e d  as planned. 
escape system, protected the conical  su r f ace  of the comand m d u l e  and remained i n t a c t  through 
a canard-induced p i t c h  maneuver. 
collapsed because of d i f f e r e n t i a l  pressure during renoval from the command module. No recontact 
or i n t e r f e rence  between the  major components w a s  evident during tower j e t t i s o n  and parachute de- 
ployment. 

During the  turnaround maneuver, t he  launch escape tower snd forward heat  
The boost protect ive cover, which w a s  attached t o  the launch 

A t  tower j e t t i s o n ,  the s o f t  boost p ro t ec t ive  cover, a s  expected, 

Although one of the p i l o t  parachute steel cable risers was kinked, the e a r t h  landing system 
The drogue parachutes in f l a t ed  and s t a b i l i z e d  the command module fo r  p i l o t  functioned properly. 

and main parachute deployment, and the rate of descent while on the amin parachutes was satis- 
factory.  
f e e t  higher than predicted.  
2000 f e e t  f a r t h e r  than planned. 

The maximum a l t i t u d e  achieved was 9258 f e e t  above mean sea l e v e l ,  approximately 650 
The tonunand module landed about 7600 f e e t  from the launch s i te ,  some 

Four g l a s s  samples had been munted on the  conmand module in the general  area planned f o r  
the rendezvous and crew windows. 
the exposed surfaces  of three of the four  samples. 
excessive degradation t o  the horizon scan o r  ground o r i en ta t ion  a b i l i t y  during an abort .  
test was highly successful  and a l l  planned object ives  were f u l f i l l e d .  

No soot appeared on the samples. but an o i l y  f i lm  was found on 
This f i l n ,  hwever ,  was not expected t o  cause 

The 

2.2.6 Hission A404 

Mlssion A404 was the f i n a l  test of the Apollo launch escape vehicle  and the f i r s t  f l i g h t  
The mission was unmanned and was conducted t o  demn- of  a Block I production-type spacecraf t .  

strate t h a t  (1) t h e  launch escape vehicle  would s a t i s f a c t o r i l y  o r i e n t  and s t a b i l i z e  i t s e l f  i n  
the proper a t t i t u d e  a f t e r  being subjected t o  a high rate of tltnbling during the powered phase 
of an abort  and (2) the escape vehicle  w u l d  maintain i ts  s t r u c t u r a l  i n t e g r i t y  under t e s t  condi- 
t i o n s  i n  which t h e  cormnand module s t r u c t u r e  was loaded t o  the design l i m i t .  

The launch veh ic l e  was the f i f t h  and f i n a l  L i t t l e  Joe I1 flown. The propulsion system con- 
The a t t i t u d e  con t ro l  system was similar t o  s i s t e d  of four  Algol and f i v e  Recruit  rocket m t o r s .  

the one used on mission A403  except that the react ion control  system w a s  de l e t ed  and the veh ic l e  
w a s  provided with the capab i l i t y  of responding t o  a radio-transmitted pitchup command. 
up maneuver m a  required to help ini t ia te  t m b l h g  of the launch escape vehicle .  The spacecraf t  
f o r  t h i s  mission consis ted of a m d i f i e d  Block I comaand and se rv ice  module and a modified Block 
I launch escape system (airframe 002).  The center  of g rav i ty  and t h r u s t  vector  were changed to  
a s su re  that power-on tumbling would be a t t a ined  a f t e r  abort  i n i t i a t i o n .  
was e s s e n t i d l y  the  t3au1u as that used during Pad Abort Test 2. 

The pitch- 

The e a r t h  landing system 

The vehicle  m s  launched on January 20. 1966, at  08:17:01 a.m. m . 6 . t .  (15:17:01 G.m.t.) af-  
ter several  postponemento due to  technical  d i f f i c u l t i e s  and adverse weather conditions.  
pitchup maneuver was conmandad from the  ground when telemetry showed t h a t  the desired a l t i t u d e  
and ve loc i ty  condi t ions had been reached. 
onds l a t e r .  The launch escape vehicle  tumbled immediately a f t e r  abort  i n i t i a t i o n .  Pi tch and 
JN r a t e a  reached peak values  of 160' per  second, and r o l l  rates reached a peak of minus 70' per 
wcond. The launch escape aystam canard surfaces  deployed a t  the proper t i m e  and s t a b i l i z e d  the  

The 

The planned abort  was automatical ly  i n i t i a t e d  2.9 sec- 

I 
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comnand module with the  a f t  beat  sh i e ld  forward a f t e r  the escape veh ic l e  had tumbled about four  
times. 
module landed about 113 620 f e e t  form the  launch pad a f t e r  having reached a maxi- a l t i t u d e  of  
78 180 f e e t  above m n  sea l eve l .  

Tower j e t t i s o n  and operat ion of the ea r th  landing systems were normal, and the command 

A l l  systems performed s a t i s f a c t o r i l y ,  and the dynamic loads and s t r u c t u r a l  response values  
were within the  design l i m i t s  and predicted values. Although a s t r u c t u r a l  loading value of p r i -  
mary i n t e r e s t  was not achieved ( loca l  d i f f e r e n t i a l  pressure between the  i n t e r i o r  and e x t e r i o r  of  
t he  comaand module w a l l ) ,  a l l  test ob jec t ives  uere s a t i s f i e d .  

2.3 UNMANNED APOLLO/SATURN FLIGHTS 

The s i x  f l i g h t s  of t he  unmanned ApollolSaturn series were conducted t o  qua l i fy  a l l  launch 

Each f l i g h t  b u i l t  on t h e  knowledge and experience gained 
vehicle  systems (Saturn IB and Saturn V) and a l l  spacecraf t  systems (command and service module 
and luna r  module) f o r  manned f l i g h t .  
f ron the previous f l i g h t s ,  with the last  two f l i g h t s  serving as f i n a l  f l i g h t  v e r i f i c a t i o n  of all  
systems. I n  addi t ion,  these f l i g h t s  provided the f i n a l  v e r i f i c a t i o n  of the ground support hard- 
ware, launch checkout and countdown procedures, t he  c m n i c a t i o n s  network (Harmed Space F l igh t  
Network) , and the groupd support personnel. 

The f i r s t  planned manned f l i g h t  was o r i g i n a l l y  scheduled fo r  launch a f t e r  t h e  t h i r d  unmanned 
f l i g h t  of t h i s  s e r i e s ;  however, the f i r s t  manned f l i g h t  w a s  not accomplished u n t i l  s i x  unmanned 
f l i g h t s  had been completed. 

2.3.1 n i s s ion  AS-201 

Mission AS-201 w a s  the second f l i g h t  test of a production-type Apollo Block I spacecraf t  
(airframe 009) and was the f i r s t  f l i g h t  test of the Saturn IB launch vehicle .  
t h i s  unmanned suborb i t a l  f l i g h t  were t o  demonstrate t he  compatibi l i ty  and s t r u c t u r a l  i n t e g r i t y  
of the spacecraf t /Saturn I B  combination and t o  evaluate  the spacecraf t  heat sh i e ld  perfonnance 

Objectives of 

I during a high-heat-rate entry.  

The Saturn I B  consis ted of two s tages .  an S-TB f i r s t  staee and an S-IVB second s tage v i t h  
an instrument u n i t .  
and a launch escape aystem. 
down demonstration test approximately 3 weeks before launch. 
standard Block I configurat ion In several  respects .  
postlanding v e n t i l a t i o n  system. cryogenic s to rage  tanks,  and the  guidance and navigation system 
were not  i n s t a l l e d .  I n  add i t ion ,  a p a r t i a l  emergency de tec t ion  system was flown, and the  radi-  
a t o r s  f o r  t he  environmental con t ro l  system and the e l e c t r i c a l  power system sere inoperative.  

Mission AS-201 was launched f ron  Cape Kennedy Launch Conplex 34 a t  11:12:01 a.m. e.6.t. 

The spacecraf t  consis ted of a conmend mdu le ,  a se rv ice  module, an adapter ,  
The  vehicle  is shown in f igu re  2-7 as it  was undergoing the  count- 

The spacecraf t  d i f f e r e d  from the 
Fuel cells. crew equipment. s u i t  loop, cabin 

(16:12:01 G.m.t . ) ,  February 26, 1966. 
a r ea  near Ascension Is land approximately 37 minutes later and w a s  recovered as planned. 
quence of mission events  is given in reference 2-4. 

The cormana module landed sa fe ly  i n  the primary landing 
The se- 

The launch was normal except that S-IVB cutoff and S-IVB/cormnand and se rv ice  m d u l e  separa- 
t i o n  occurred 10 seconds later than predicted.  
mission con t ro l  programer was ac t iva t ed  10 seconds later than planned, and subsequent event 
times re f l ec t ed  t h i s  10-second delay. 
except f o r  the service mmdule r eac t ion  con t ro l  system. An ox id ize r  i s o l a t i o n  valve f a i l e d  t o  
open, preventing operat ion of one of the se rv ice  m d u l e  react ion con t ro l  system engine assem- 
b l i e s .  However. the system 
successful ly  provided apacecraf t  a t t i t u d e  and r a t e  control ,  adequate t r a n s l a t i o n  for the  S-IVB/ 
comnand and se rv ice  module separation. and ul lage f o r  t he  two service propulsion system maneuvers. 

Also, because of the delay i n  S-IW cu to f f ,  t h e  

In  general ,  e l l  spacecraf t  systems performed as expected 

Also, a negat ive yaw engine i n  another assembly was Inoperative.  

The AS-201 mission was t he  f i r s t  f l i g h t  test of t he  Bervice propulsion system. Although the  
r eac t ion  con t ro l  system f a i l u r e  resul ted i n  only 25 t o  45 percent of the u l l age  ve loc i ty  increment 
expected, t he  f i r s t  i g n i t i o n  of t he  se rv ice  propulsion system was successful  and performance was 
near  normal for the f i r s t  80 seconds of the 184-second f i r i n e .  However, a t  engine cu to f f ,  t he  

i 



I 

2-18 

Figure 2-7 .- Apollo/Saturn vehicle undergoing countdown 
demonstration test for mission AS-201. 

. 
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chamber pressure had decayed t o  approximately 70 percent of  norpal. Tbe second f i r i n g ,  planned 
f o r  a LO-second durat ion,  was e r r a t i c  with chamber pressure o s c i l l a t i o n s  that ranged from 1 2  t o  
70 percent of normal. 
t o  beliun ingest ion.  

The subnormal performance of t h e  eervice propulsion system vas a t t r i b u t e d  

- 
Spacecraft  conmunications blackout began a t  1580 seconds and l a s t e d  u n t i l  1695 seconds. En- 

t r y  vas  i n i t i a t e d  with a space-fixed ve loc i ty  of 26 481 f e e t  per second. 
subjected t o  a naximum en t ry  heat ing rate of 164 Btulsq f t f s e c  a t  1631.7 seconds and a maximum 
decelerat ion of 14.3g a t  1639.7 seconds. 
adequately i n  t h e  e n t r y  environment. 

The connand m d u l e  was  

The comaand nodule s t r u c t u r e  and heat s h i e l d s  performed 

Loss of pover t o  both conmiand module r eac t ion  con t ro l  systems a t  1649 seconds r e su l t ed  in an 
uncontrolled r o l l i n g  en t ry  ( in  excess of 26' per second) instead of t he  planned l i f t i n g  entry.  
Power was returned t o  r eac t ion  con t ro l  system A a t  2121 seconds, and the  required dep le t ion  burn- 
ing of t he  c-nd module react ion con t ro l  system propel lants  was accomplished. 

Forward heat sh ie ld  j e t t i s o n ,  drogue parachute deployment, and main parachute deployment oc- 
curred a5 planned. 
2239.7 seconds and remained i n  an upright a t t i t u d e .  
than the pref l ight-predicted time. 
ship U.S.S. Bozsr. 
loose by a recovery f o r c e  6virnner. 
p.m. e.s.t., 3 hours 8 minutes a f t e r  l i f t - o f f .  While all primary ob jec t ives  were sccomplished, 
the Subnormal performance of some systems necessi ta ted f u r t h e r  i nves t iga t ion  and improvements 
f o r  fu tu re  f l i g h t s .  

The c o m a n T i d u l e  landed In  the At l an t i c  Ocean near  Ascension Is land a t  
The landing t i m e  was 30.8 seconds earlier 

Touchdown was 45 miles up range (northwest) of the recovery 

The spacecraf t  was taken aboard the recovery sh ip  a t  02:20 
One of t he  main parachutes f a i l e d  t o  disengage a f t e r  landing and vm cut  

2.3.2 Kission AS-203 

l i ission AS-203 vas an unmanned, research and developmental rest of t he  Saturn I B  vehicle .  
Major ob jec t ives  of t he  f l i g h t  vere t o  (1) evaluate  the S-IVB stage l i q u i d  hydrogen venting. (2) 
evaluate  the S-IVB engine chilldown and r e c i r c u l a t i o n  systems, and (3) determine f l u i d  dynamics 
of the S-IVB tanks. The da ta  obtained vere d i r e c t l y  appl icable  t o  the Saturn V program. 
S-IW vas  t o  be used as the t h i r d  s t age  of the Saturn V on lunar  missions. 
the S-IW engine vas necessary t o  Insert an Apollo spacecraf t  i n t o  a t r ans luna r  t r a j ec to ry .  
Therefore, t he  test was conducted t o  simulate Saturn V third-stage engine r e s t a r t  in e a r t h  o r b i t .  

The 
A second f i r i n g  of 

The vehicle  was  t he  second Saturn IB launched. The general  configurat ion was similar t o  
t h a t  of mission AS-201 except t h a t  an aerodynamic f a i r i n g  (nose cone) vas i n s t a l l e d  I n  place of 
t he  spacecraf t  ( f i g .  2-8). Telemetry and recoverable 16-m cameras (e jected during launch) vere 
provided t o  fu rn i sh  d a t a  on veh ic l e  performance. 
uounted on the forward bulkhead of the S-TVB l i q u i d  hydrogen tank t o  a i d  i n  determining t h e  
amount of propel lant  s loshing.  

In  addi t ion,  tvo t e l ev i s ion  cameras were 

Niasion AS-203 was launched from Cape Kennedy Launch Complex 378 at  09:53:17 a.m. e.8.t. 
The launch was delayed 1 hour and 53 minutes because of a (14:53:17 G.m.t.) on Ju ly  5, 1966. 

l o s s  of s i g n a l  from one of the t e l ev i s ion  cameras. Tbe S-IVB stage,  instrument un i t .  and nose 
cone were in se r t ed  i n t o  an o r b i t  t h a t  vas c lose  t o  the  planned lOPmile c i r c u l a r  o r b i t .  

Sa t i s f ac to ry  system operat ion vas  demonstrated on the  f i r s t  of  four o r b i t s  i n  vhich t h e  sys- 
tem were planned t o  be a c t i v e ,  a d  a l l  mission ob jec t ives  vere achieved. 
engine f i r i n g  durat ion was very close t o  the predicted time even though the  chilldown valve f a i l e d  
t o  c lose  a f t e r  engine ign i t i on .  
modes during the  next t h ree  o rb i t s .  
performed, pressure in the l i qu id  hydrogen tank b u i l t  up t o  a l e v e l  i n  excess of t h e  design value,  
burst ing t h e  rank and r e s u l t i n g  i n  premature des t ruc t ion  of  the s tage.  
j e c t i v e s  had been accomplished. 

The simulated S-IVB 

Data were gathered on S-IVB s t age  behavior in o the r  Saturn V 
A t  t he  beginning of t he  f i f t h  o r b i t ,  v h i l e  a test was  being 

However, a l l  mission ob- 

, 
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Figure 2-8.- Space vehicle for mission AS-203 during prelaunch countdown. 
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2.3.3 Mission AS-202 

Mission AS-202 was an unmanned suborbi ta l  f l i g h t  t o  fu r the r  evaluate  the Saturn IB launch 
veh ic l e  and the  Apollo conrmand and se rv ice  module before committing them t o  manned f l i g h t .  The 
launch vehicle  was the t h i r d  Saturn IB and the spacecraf t  was the t h i r d  production-type Block I 
cormnand and se rv ice  module (airframe 011). The mission ob jec t ives  were (1) t o  obtain f u r t h e r  
launch vehicle  and spacecraf t  information on s t r u c t u r a l  i n t e g r i t y  and compatibi l i ty ,  f l i g h t  loads,  
s t age  separat ion,  subsystem operatlon, and emergency de tec t ion  system operat ion and (2) t o  evalu- 
ate the comnand nodule heat  sh i e ld  a t  high heat  loads during entry a t  approximately 28 000 f e e t  
per second. 

The Saturn IB was similar t o  the previous two launch vehicles .  The spacecraf t  consis ted of 
an adapter,  t h e  cormnand and se rv ice  module. and a launch escape system. The spacecraf t  systems 
and equipment were general ly  l i k e  those of t he  AS-201 mission spacecraf t  except t h a t  t he  f u e l  
c e l l s  and cryogenic r eac t an t s ,  the guidance and navlgatlon system, the  S-band communications 
equipment, and the se rv ice  propulsion system propel lant  gaging equipment were being flown f o r  
the f irst  time. Also, the  environmental con t ro l  system and e l e c t r i c a l  power system rad ia to r s  
were operat ive on t h i s  mission and a closed-loop emergency de tec t ion  system w a s  provided. 

The spacecraf t  was launched from Cape Kennedy Launch Complex 34 a t  1 2 : 5 5 : 3 2  p.m. e.6.t. 
(17:55:32 G.m.t . ) ,  August 25 ,  1966. The spacecraf t  t iming sequence was i n i t i a t e d  by the  S-IVB 
stage separat ion c o m n d .  which was 13.8 seronds e a r l y  due t o  higher-than-expected performance 
o f  the launch vehicle .  Consequently, the f l i g h t  events  occurred earlier than planned ( r e f .  2 - 5 ) .  
The spacecraf t  landed i n  the Pac i f i c  Ocean near Uake Island. 

All mission ob jec t ives  were accomplished, including the performance assessment of the sys- 
tems being flown f o r  the f i r s t  t i m e .  Performance of these systems is discussed i n  t he  following 
paragraphs. 

Fuel c e l l  power p l an t  e l e c t r i c a l  perfornance vas normal, and current  d i s t r i b u t i o n  between 
the c e l l s  and a u x i l i a r y  b a t t e r i e s  followed the expected r a t io s .  The condenser e x i t  temperatures 
on the  two a c t i v e  f u e l  c e l l s  approached the maximum l imi t  during the  f l i g h t .  The problem was 
a t t r i b u t e d  t o  entrapped a i r  in  the secondary coolant loop. 
l a t e r  spacecraf t  t o  e l iminate  t h i s  problem. 

Servicing procedures wre changed f o r  

The cryogenic system performance w a s  s a t i s f ac to ry .  Pressurizat ion,  temperature, and flow- 
r a t e  response t o  f u e l  c e l l  r eac t an t  gas demands were a s  expected. 

The guidance and navigation system perforned normally. A t t i t ude  con t ro l ,  navigation t h r u s t  
vector  and d i f f e r e n t i a l  ve loc i ty  control ,  and entry t a rge t ing  were s a t i s f a c t o r y .  
module, however. landed approximately 200 m i l e s  sho r t  of t he  planned point because the p r e f l i g h t  
p red ic t ion  of t he  t r i m  l i f t - to-drag r a t i o  was not  s u f f i c i e n t l y  accurate ,  
i ga t ion  system responded properly i n  attempting t o  co r rec t  fo r  the undershoot condition. 

The c o m n d  

The guidance and nav- 

The S-band comunicat ions equipment performed s a t i s f a c t o r i l y .  Simulated downvoice and up- 
voice (via  tone s i g n a l s ) ,  down-link telemetry,  and ranging aodes were proper. Minor s igna l  re- 
cept ion and s t a t i o n  handover problems, not associated with the  airborne equipment, were encoun- 
tered.  

The propel lant  gaging equipment fo r  t he  eervice propulsion system functioned normally. 
preciable  b i a ses  were noted but were explainable on the  bas i s  of p re f l igh t  loading condi t ions and 
dynamic flow e f fec t s .  

Ap- 

The environmental con t ro l  system rad ia to r s  provided proper heat r e j e c t i o n  and compensated 

Prelaunch se rv ic ing  procedures were changed 
f o r  a malfunction of the water evaporator. E r r a t i c  evaporator cooling was a t t r i b u t e d  t o  excess 
water which f roze  and plugged the overboard vent. 
f o r  l a t e r  spacecraf t .  

The emergency de tec t ion  system operated properly in the closed-loop mode. The automatic 
abort  c i r c u i t  was properly enabled a t  l i f t - o f f  and deactivated by the  launch vehicle  sequencer 
p r i o r  t o  staging. 



2-22 

2.3.4 Apollo 4 Mission 

The Apollo 4 mission was the fourth unmanned f l i g h t  test of a production type Block I Apollo 
spacecraf t  and the i n i t i a l  f l i g h t  of the three-stage Saturn V, the  launch veh ic l e  t h a t  w a s  t o  be 
used for l una r  missions. The f i r s t  and second s t ages  of t he  Saturn V (the S-IC and S-I1 s tages)  
had not been flown previously.  The t h i r d  s tage ( the S-IVB) had been used as the  second s t age  of  
t he  Saturn IB. T h e  instrument un i t  configurat ion w a s  bas i ca l ly  the same configurat ion f l i g h t  
t e s t e d  during the Saturn I B  development series. 
as they vere being posit ioned on the launch pad. 

Figure 2-9 shows the vehicle  and mobile launcher 

The mission had a number of important ob jec t ives  appl icable  t o  both the launch vehicle  and 
The p r inc ipa l  ob jec t ives  were (1) t o  d e m n s t r a t e  the s t r u c t u r a l  and thermal integ- spacecraf t .  

r i t y  and compatibi l i ty  of the Saturn V and the Apollo spacecraf t ,  (2) t o  v e r i f y  operat ion of the 
launch vehicle  propulsion, guidance and con t ro l ,  and e l e c t r i c a l  systems, (3) t o  demonstrate sepa- 
r a t i o n  of the launch vehicle  s tages ,  (4) t o  v e r i f y  the adequacy of the thermal protect ion system 
developed f o r  t he  Block 11 cormnand module under lunar  r e t u r n  conditions,  and (5) t o  demonstrate 
a se rv ice  propulsion system engine no-ullage start. 

The  Apollo 4 spacecraf t  (airframe 017) included a launch escape system, a command and ser- 
v i ce  module, and a spacecraf t / lunar  module adapter.  
in the  adapter.  The command m d u l e  was equipped with the  lunar-mission-type thermal protect ion 
sys t en  t h a t  was t o  be t e s t e d  and had o the r  modifications appl icable  t o  the Block I1 spacecraf t .  
A s  on previous unmanned f l i g h t s ,  t h e  coanand module contained a mission con t ro l  programmer t o  
ac tua t e  functiona t h a t  w u l d  normally be perforpled by the crew. 

A lunar  module test a r t i c l e  was i n s t a l l e d  

The space vehicle  vas launched from Kennedy Space Center Launch Complex 39A ( the f i rs t  use 
of t h i s  f a c i l i t y )  a t  07:OO:Ol a.m. a.s.t. (12:OO:Ol C.m.t.) on November 9 ,  1967. Detai led f l i g h t  
events  a r e  given in reference 2-6. 

The  launch phase was normal. All planned events occurred within allowable l i m i t s ,  and atruc-  
t u r a l  loading was well  within the capab i l i t y  of the vehicle.  Measurements telemetered from the 
comrrand m d u l e  indicated t h a t  q u a l i f i c a t i o n  v ib ra t ion  l e v e l s  were not exceeded and v e r i f i e d  the 
adequacy of thermal predict ion techniques. 

The spacecraf t  was inser ted i n t o  a c i r c u l a r  o r b i t  by the S-IVB s t age  a f t e r  approximately 
11 minutes of powered f l i g h t .  N e a r  the  end of the second revolution, t he  S-IW engine was suc- 
ces s fu l ly  r e ign i t ed  t o  place the spacecraf t  into a simulated t ranslunar  t r a j ec to ry .  
p l e t ion  of t he  maneuver, the comaand and service m d u l e  warn separated from the S-IVB s tage,  and 
the se rv ice  propulsion system engine was f i r e d  for approximately 15 seconds t o  denonstrate  the 
capab i l i t y  of s t a r t i n g  the engine in zero g rav i ty  without perforning a r eac t ion  con t ro l  system 
u l l age  maneuver. There were no adverse e f f e c t s ,  and the maneuver ra ised the apogee of the  apace- 
c r a f t  t r a j e c t o r y  from 9292 milea t o  9769 miles. A few seconds a f t e r  s e rv i ce  propulsion system 
engine cu to f f ,  the  spacecraf t  vas or i en ted  t o  an a t t i t u d e  in which the a ide  hatch was pointed 
d i r e c t l y  toward the  sun. T h i a  a t t i t u d e  VBS maintained f o r  approximately 4-1/2 hours t o  ob ta in  
thermal data.  

A t  t he  com- 

After approximately 8 hours and 1 0  minutes of f l i g h t ,  a second se rv ice  propulsion system 
maneuver vas performed t o  acce le ra t e  the spacecraf t  t o  a ve loc i ty  representat ive of severe lunar  
r e t u r n  en t ry  conditions.  
module and or i en ted  t o  the en t ry  a t t i t u d e .  

Shortly afterward, the comand module was separated from the service 

The inertial ve loc i ty  a t  atmospheric entry,  which occurs a t  an a l t i t u d e  of 400 000 f e e t ,  was 
approximately 36 000 f e e t  per second, about 210 f e e t  per second g rea t e r  than predicted.  
overspeed was caused by a longer-than-planned f i r i n g  of the se rv ice  propulsion system. 
of the change in en t ry  conditions,  the peak decelerat ion force was 7.3g r a t h e r  than the predicted 
8.3g. 

This 
Because 

The guidance and c o n t r o l  uystem performed s a t i s f a c t o r i l y  in guiding t h e  spacecraf t  t o  t he  

The forward heat sh i e ld  and one of the main 

Pos t f l i gh t  inspect ion of the comaad m d u l e  indicated that the  thermal protect ion 

des i r ed  landing point .  Although the  landing was about 5 miles short  of t he  t a r g e t  point ,  i t  was 
within t h e  accuracy predicted before  the mission. 
parachutes e r e  recovered along with the cotmuand m d d e  by the primary recovery ship,  the U.S.S. 
Eenn ing ta .  
system u-lthstood the lunar r e t u r n  en t ry  env i rowen t  s a t i s f a c t o r i l y .  
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2.3.5 Apollo 5 Mission 

The Apollo 5 mission was t he  f i rs t  f l i g h t  of a l una r  module and the fou r th  f l i g h t  test of 
the Saturn IB launch vehicle .  The space veh ic l e  consis ted of an S-IB s t age ,  an S-IVB s t age ,  an 
instrument u n i t ,  an adapter ,  the lunar  module, and a nose cone. Primary ob jec t ives  of  the mis- 
s ion were t o  v e r i f y  the lunar  module ascent  and descent propulsion systems and the abort  s taging 
function f o r  manned f l i g h t .  These ob jec t ives  were s a t i s r i e d .  

Lift-off from Cape Kennedy Launch Complex 37B ( f ig .  2-10) was i n i t i a t e d  a t  05:48:08 p.m. 
e . s . t .  (22:48:08 G.m.t.) on January 22 ,  1968. (The de ta i l ed  sequence of mission events  is given 
in reference 2-7.) The lunar  module and S-IVB stage were in se r t ed  i n t o  e a r t h  o r b i t  after 10 min- 
u t e s  and 3 seconds of powered f l i g h t .  Lunar module loads and measured v ib ra t ions  were within 
the design capab i l i t y  of the s t r u c t u r e  during powered f l i g h t .  Spacecraft  cool ing began a f t e r  
S-IVB s t age  cu to f f .  and the equipment tenperatures  were properly regulated by the  coolant system 
f o r  the r e m i n d e r  of the mission. The lunar  module was separated from the S-IVB s tage by using 
the  react ion con t ro I  system engines. Separation dis turbances were small. The luna r  module was 
maneuvered t o  a cold-soak a t t i t u d e  which was maintained by the guidance system u n t i l  e a r l y  in 
the  t h i r d  revolut ion.  A minimal react ion control  system engine duty cycle  was required t o  main- 
t a i n  the desired a t t i t u d e .  

Midway through the t h i r d  revolut ion,  the f i r s t  descent engine f i r i n g  was i n i t i a t e d .  The 
planned durat ion of t h i s  f i r i n g  was 38 seconds; however, a f t e r  only 4 seconds, t he  guidance sys- 
t e m  shut down the engine. Both the guidance system and the propulsion system operated properly,  
and the prematuKethutdown resu l t ed  from an inco r rec t  d e f i n i t i o n  of the engine t h r u s t  buildup 
c h a r a c t e r i s t i c s  as-Ksed i n  the guidance system software. 

~ 

A f t e r  the premature shutdown, a planned a l t e r n a t e  mission t h a t  provided minimum mission re- 
quirements was selected.  A t  approxinately 6 hours and 10 minutes i n t o  the  f l i g h t ,  t he  automatic 
sequencer within the  onboard mission programer i n i t i a t e d  the sequencing f o r  the second and t h i r d  
descent engine f i r i n g s ,  the abort  s taging,  and the  f i r s t  ascent engine f i r i n g .  A t t i t ude  rate con- 
t r o l  was maintained with the backup con t ro l  system. The descent engine gimbaled properly and re- 
sponded smoothly t o  the commands t o  f u l l  t h r o t t l e .  The thermal aspects  of t he  s u p e r c r i t i c a l  he- 
lium p res su r i za t ion  system could not be adequately evaluated because of t he  short  durat ion o f  the 
th ree  descent engine f i r i n g s .  
were s a t i s f a c t o r y  f o r  manned f l i g h t .  

During abor t  s taging,  a l l  system operat ions and veh ic l e  dynamics 

A f t e r  t he  f i rs t  ascent  s tage engine f i r i n g ,  the primary guidance and con t ro l  system w a s  re- 
se l ec t ed  t o  con t ro l  the spacecraf t  a t t i t u d e s  and r a t e s .  Because the primary system had been pas- 
s i v e  during the abort  s taging sequence, the computer program did not r e f l e c t  the change of mass 
r e s u l t i n g  from staging.  Therefore,  computations of r eac t ion  con t ro l  system engine f i r i n g  times 
Were based on the mass of a two-stage vehicle  and r e su l t ed  in  an extremely high propel lant  usage 
by t h e r e a c t i o n  co2 t ro l  system engines,  eventual ly  causing propel lant  deplet ion.  Because of ex- 
cessive r eac t ion  con t ro l  system engine a c t i v i t y ,  the engine c l u s t e r  red-line upper l i m i t  was ex- 
ceeded; however, no detr imental  e f f e c t s  vere evident.  

The r eac t ion  con t ro l  system was l a t e r  subjected to  abnormal operat ing condi t ions because of 
low manifold pressures  a f t e r  propel lant  deplet ion.  
condi t ions r e su l t ed  in three malfunctions within the system, but none had an appreciable  e f f e c t  
on the  mission. 

Continued operat ion under these abnormal 

The second f i r i n g  of the  ascent engine,  i n i t i a t e d  by the  automstic sequencer, began a t  7 
hours 44 minutes 13 seconds i n t o  the mission and continued u n t i l  t h r u s t  decay 5 minutes and 47 
seconds later. During the i n i t i a l  port ion of the f i r i n g ,  a t t i t u d e  r a t e  con t ro l  was maintained 
by using p rope l l an t s  from the ascent propulsion system tanks through interconnect  valves t o  the 
r eac t ion  con t ro l  system engines. However, the sequencer automatically closed the  interconnect 
valves  and switched the system over t o  the already depleted tanks. With the r e s u l t a n t  loss of 
r a t e  con t ro l ,  the  vehicle  began tumbling while the ascent engine was f i r i n g .  A l l  t racking was 
l o s t  v f t h i n  2 minutes a f t e r  ascent  s tage engine th rus t  decay. 
re t rograde o r i en ta t ion  during the con t ro l l ed  port ion of the f i r i n g ,  and t r a j e c t o r y  simulations 
indicated t h a t  the l una r  module entered over the P a c i f i c  Ocean soon a f t e r  the a scen t  s tage en- 
gine f i r i n g .  
Central  America. The durat ion of the f l i g h t  was approxinately 8 hours. 

The lunar  module had been i n  a 

The predicted pofnt of impact was approximately 400 miles west of t he  coast  of 

V 
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Figure 2-10.- Lift-off of space vehicle for Apollo 5 mission. 
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The o v e r a l l  performance of t he  lunar  module was good and m e t  a l l  requirements f o r  manned 
o r b i t a l  f l i g h t .  A l l  operat ional  systems *re successful ly  ve r i f i ed .  and the  abort  s t ag ing  se- 
quence w a s  demonstrated. 

2.3.6 Apollo 6 Ulssion 

The Apollo 6 mission w a s  accomplished on Apri l  4, 1968. This w a s  t he  second mission i n  which 
a Saturn V launch veh ic l e  w a s  used with an unmanned Block I cormand and service module and a luna r  
module test article. 

The space veh ic l e  w a s  launched from Kennedy Space Center Launch Complex 39A a t  07:OO:Ol a.m. 

Approxiaately 2 minutes 13 seconds af-  
e.6.t. (12:OO:Ol G.m.t.). 
launch vehicle  adapter occurred during f i r s t - s t a g e  boost. 
ter l i f t - o f f .  abrupt changes -re indicated by s t r a i n ,  v ib ra t ion ,  and acce le ra t ion  measurements 
i n  the S-IVB, instrument u n i t ,  adapter,  l una r  module test a r t i c l e ,  and comnand and se rv ice  mod- 
ule .  The anomaly was apparently caused by 5-hertz o s c i l l a t i o n s  fnduced by the launch vehicle;  
these o s c i l l a t i o n s  exceeded the spacecraf t  design criteria. Photographic coverage from ground 
and a i r c r a f t  cameras revealed mawrial coning from the area of the adapter.  
report  and r e f .  2-8 contain add i t iona l  i n fomat ion  concerning t h i s  anomaly.) 

Lift-off was normal but a major s t r u c t u r a l  anomaly i n  the spacec ra f t /  

(Sec. 4.4.2 of t h i s  

After second-stage ign i t i on ,  t he  boost phase was normal u n t i l  two engines i n  the S-I1 stage 
shut down ear ly .  The f i r i n g  time of the remaining th ree  S-I1 stage engines w a s  extended approxi- 
mately 1 minute i n  an attempt t o  a t t a i n  the  desired veloci ty .  The S-IVB s t age  f i r i n g  w a s  a l s o  
longer than planned. A t  termination of the S-IVB th rus t ,  t he  o r b i t  had a 198-mile apogee and a 
96-mile perigee,  instead of the planned 100-mfle near-circular  o r b i t .  

An attempt t o  r e i g n i t e  t he  S - I W  engine fo r  a simulated t ranslunar  i n j e c t i o n  f i r i n g  was un- 
successful.  
nate  mission t h a t  consis ted of a long-duration f i r i n g  (442 seconds) of the se rv ice  propulsion 
system engine. T h i s  f i r i n g  was executed under onboard guidance computer con t ro l  and the  onboard 
programed apogee of 12  000 miles was a t t a ined .  After the se rv ice  propulsion system engine fir- 
ing, the cowmand and se rv ice  module was aligned t o  a preset  cold-soak a t t i t u d e .  
planned second f i r i n g  o f t h e  se rv ice  propulsion sys t en  engine was inhibi ted by ground comand. 

A ground coamand t o  the comand and se rv ice  module implemented a preplanned a l t e r -  

The p re f l igh t -  

Atmospheric en t ry  a t  400 000 f e e t  occurred a t  M i n e r t i a l  ve loc i ty  of 32 830 f e e t  per sec- 
ond and a f l ight-path angle of minus 5.85 degrees. The en t ry  paraneters  were lower than pre- 
d i c t ed  because of t he  S-IVB f a i l u r e  t o  r e ign i t e .  
targeted landing point  as a r e s u l t  of the abnormal launch and in se r t ion  t r a j ec to ry .  This  was the 
f i r s t  mission in which the  command module assuned the s t a b l e  I1 ( inverted)  f l o t a t i o n  a t t i t u d e  af- 
ter landing. The  comnand module was returned t o  the s t a b l e  I (upright)  a t t i t u d e  by the  upright- 
ing aystem. 

The landing was about 36 miles up range of the 

The mission durat ion was 9 hours 57 minutes 20 seconds. 

The  o v e r a l l  performance of t he  comaand and service module was s a t i s f a c t o r y  and none of the 
The most s i g n i f i c a n t  space- system anomalies precluded s a t i s f a c t o r y  completion of the mission. 

c r a f t  anomaly was the aforementioned s t r u c t u r a l  anomaly. 

The abnormal occurrences during the boost phase subjected the connuand and se rv ice  module t o  
adverse environments t h a t  would normally not be seen during a f l i g h t  test program. The alternate 
mission flown was the more d i f f i c u l t  t o  acconplish of the tw a l t e r n a t i v e s ,  which were (1) t o  at- 
tempt t o  complete the planned t r a j e c t o r y  and obtain new evaluat ion data  points  o r  (2) t o  abor t  
t h e  mission and recover the spacecraft .  The manner i n  which the conmind and se rv ice  module per- 
formed during the alternate mission, a f t e r  the adverse i n i t i a l  conditions,  demonstrated the ver- 
s a t i l i t y  of the systpms. 

The 8ingla  primary spacecraf t  object ive.  demonstration of the performsnce of t he  emergency 
de tec t ion  system operat ing in a closed-loop mode, w a s  achieved. The secondary spacecraf t  objec- 
t i v e s  t h a t  were s a t i s f i e d  included demonstration of (1) e f f e c t i v e  operat ion of minsion support 
f a c i l i t i e s  during the launch, o r b i t a l ,  and recovery phases of t he  mission. (2) successful  opera- 
t i o n  of the nervfce propulsion system (including a no-ullage start), and (3) proper operat ion of 
s e l ec t ed  spacecraf t  systems (including e l e c t r i c a l  power, comnunications. guidance and con t ro l ,  
and environmental control) .  The secondary spacecraf t  ob jec t ives  that were p a r t i a l l y  s a t i s f i e d  
included (1) demns t r a t ion  of the ndequacy of the Block I1 c o m n d  module heat sh i e ld  f o r  entry 

i 
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a t  lunar  r e t u r n  condi t ions (not f u l l y  
planned f o r  en t ry ) ,  (2) demonstration 
of launch vehicle  and spacec ra f t ,  and 

s a t i s f i e d  &cause of f a i l u r e  t o  achieve the  high ve loc i ty  
of t he  s t r u c t u r a l  and thermal i n t e g r i t y  and compatibi l i ty  
(3) confirmation of  launch loads and dynamic character-  

istics. Reference 2-9 provides d e t a i l s  on spacecraf t  performance. 

2.4 MANNED APOLLO/SATURN FLIGHTS 

The manned f l i g h t s  of the Apollo program were t o  be i n i t i a t e d  with the AS-204 mission; hm-  
ever ,  a f i r e  i n  the conurJand nodule during p r e f l i g h t  checkout on the launch pad r e su l t ed  i n  the  
death of the th ree  crewmen and an 18-month delay of the f i r s t  a r m e d  mission. 
included two e a r t h  o r b i t a l  missions,  two lunar  o r b i t a l  missions,  and seven luna r  landing missions,  
one of which was aborted.  The s i x  successful  lunar landing missions allowed approximately 838 
pounds (380 kilograms) of luna r  mater ia l  t o  be returned t o  e a r t h .  In addi t ion,  these missions 
and the lunar o r b i t a l  missions provided a waalth of s c i e n t i f i c  data about the moon and i t s  en- 
vironment f o r  ana lys i s  by s c i e n t i s t s  throughout the world. 

The manned phase 

2.4.1 Apollo I Mission 

On January 27, 1967, tragedy s t ruck  the Apollo program when a f l a s h  f i r e  occurred i n  com- 
mand module 012 during a launch pad test of the Apollo/Saturn space veh ic l e  being prepared f o r  
the f i r s t  manned f l i g h t ,  the  AS-204 mission. 
veteran of Mercury and Gemini missions; L t .  Co l .  Edward H. White, the  a s t ronau t  who had perfowed 
the f i r s t  United S t a t e s  extravehicular  a c t i v i t y  during the Gemini program; and Roger B. Chaffee,  
an astronaut  preparlng f o r  h i s  f i r s t  space f l i g h t ,  died i n  t h i s  t r a g i c  accident .  

Three a s t ronau t s ,  Lt .  Col. V i r g i l  1. Crissom. s 

A sewn-man baard,  under the d i r ec t ion  of the NASA Langley Research Center Director ,  D r .  
Floyd L. Thompson, conducted a comprehensive inves t iga t ion  t o  pinpoint t he  cause of t h e  f i r e .  
The f i n a l  report  ( r e f .  2-10), conpleted i n  Apri l  1967, us8 subsequently submitted t o  the  NASA 
Admlnistrator.  The report  presented the r e s u l t s  of t he  inves t iga t ion  and made s p e c i f i c  recom- 
mendations t h a t  l e d  t o  major design and engineering modifications,  and revis ions t o  test plan- 
ning. test desc ip l ine ,  manufacturing processes and procedures, and qua l i ty  con t ro l .  
changes, the o v e r a l l  s a fe ty  of the comand and se rv ice  module and the  luna r  module w a s  increased 
subs t an t i a l ly .  

With these 

The AS-201 mission was redesignated Apollo I in honor of t he  crev. 

2.4.2 Apollo 7 Kission 

Apollo 7. the f i r s t  manned mission i n  the Apollo program was an e a r t h  o r b i t a l  mission. The 
command and se rv ice  module was the f i r s t  Block I1 configurat ion spacecraf t  flown. and the launch 
veh ic l e  was a Saturn IB. Fl igh t  crewmen f o r  the Apollo 7 mission were Walter H. Schirra ,  Jr.,  
Commander; Donn S. Eisele .  Command Module P i l o t ;  and R. Walter Cunningham, Lunar Hodule P i l o t .  
The primary ob jec t ives  of t h i s  f l i g h t  e r e  t o  d m o n s t r a t e  connuand and se rv ice  module/crew per- 
formance, crewlspace vehicle/mission support f a c i l i t i e s  performance, and the  comand and ser- 
vice module rendezvous capab i l i t y .  

The spacecraf t  was launched a t  11:02:45 a.m. e.d.t. (15:02:45 C.m.t . )  on October 11, 1968, 
from Cape Kennedy Launch Complex 34 ( f ig .  2-11). The launch phase was normal, and the  spacecraf t  
was in se r t ed  i n t o  a 123- by 153-mile e a r t h  o r b i t .  The crew performed a manual takeover of a t t i -  
tude con t ro l  from the  launch vehicle  S - I D  stage during the second o r b i t a l  revolut ion,  and t h e  
con t ro l  system responded properly.  
s t a g e  approximately 3 hours after launch; the separat ion w a s  followed by spacecraf t  transposi-  
t i o n ,  simulated docking, and stationkeeping v f t h  the S-IVB. 

The  comand and se rv ice  module w a s  separated from the  S-IVB 

A phasing maneuver was performed using the  se rv ice  module r eac t ion  con t ro l  system t o  estab- 
l i s h  the condi t ions required f o r  rendezvous with the S-IVB s t age  on the  following day. The ma- 
neuver was intended t o  place the  spacecraf t  approximately 75 miles ahead of t he  s-IVB. However, 
t he  S-IVB o r b i t  decayed more rapidly than an t i c ipa t ed  during the  s i x  revolut ions a f t e r  t h e  phas- 
ing maneuver, and a second phasing maneuver u88 performed t o  ob ta in  the des i r ed  conditions.  
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Figure 2-11.- Lift-off of space vehicle for Apollo 7 mission. 
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