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The serv ice  module w a s  then t ransfer red  t o  pressure test c e l l s  where each f l u i d s  system was 
subjected t o  a series of c a r e f u l l y  control led func t iona l  tests t h a t  demonstrated proper opera- 
t i o n  in the  prime, backup, contingency, and redundant modes. Examples of operat ions performed 
t o  ensure vehic le  i n t e g r i t y  were proof tests, leak t e s t s  at  j o i n t s  (brazed and mechanical), over- 
a l l  systems leakage checks, flow checks, pressure regula tor  checks, relief valve func t iona l  
checks, t ransducer  v e r i f i c a t i o n ,  and cryogenic tests. 

Following the  tests. the vehic le  was cycled through the tumble-and-clean p o s i t i o n e r  t o  d is -  
lodge and remove debris .  
mined. On completion of these operat ions,  the vehic le  was placed i n  the  in tegra ted  test s tand 
f o r  the in tegra ted  test s e r i e s  described in sec t ion  9.1.5. The in tegra ted  test completed t h e  
manufacturing, t e s t ,  and checkout operat ions,  and the  vehic le  was mounted on a shipping p a l l e t  
and prepared f o r  shipment. 

The cleaned vehic le  was then weighed and its center  of grav i ty  de te r -  

9.1.3 Launch Escape System Assembly and Checkout 

The launch escape system consis ted of a nose cone, a canard system, launch escape and tower 
j e t t i s o n  motors, s k i r t  and tower s t r u c t u r e s ,  and s o f t  and hard boost pro tec t ive  covers. Subcon- 
t r a c t o r s  fabr ica ted  and assembled the  nose cone, the launch escape w t o r ,  and the  tower j e t t i s o n  
motor. These u n i t s  were i n s t a l l e d  as components a t  f i n a l  assembly of the launch escape sys tem.  
A generalized flow of components and subassemblies as they were manufactured is shown in f igure  
9-4. 

9.1.3.1 Canard assembly.- The canard assembly consis ted of r ings .  longerons. a bulkhead, 
ou ter  skins, an ac tua t ing  udhanism,  and r igh t -  and left-hand doors. 
were r ive ted  and bol ted together  i n  a j i g  f i x t u r e .  
checked f o r  proper funct ioning,  and forwarded to  f i n a l  assembly. 

The s t r u c t u r a l  sec t ions  
The actua6ing mechanism was i n s t a l l e d ,  

9.1.3.2 S k i r t  s t r u c t u r a l  assembly.- The s k i r t  s t r u c t u r a l  assembly consis ted of longerons, 
c i r c u l a r  r ing  segments, and skin segments t h a t  were fusion welded and then r ive ted  together  i n t o  
an assembly. The assembly was finish-machined as a uni t  and then forwarded t o  f i n a l  assembly. 

9.1.3.3 PTower s t r u c t u r a l  assembly.- The tower s t r u c t u r a l  assembly was a fusion-welded ti- 
tanium tubular  s t r u c t u r e  with f i t t i n g s  a t  each end. The assembly s t e p s  a r e  shown i n  f i g u r e  9-4. 

9.1.3.4 Boost pro tec t ive  cover.- The boost pro tec t ive  cover consis ted of two major a s s e r  
b l i e s .  The forward assembly (hard cover) provided the  s t r u c t u r a l  attachment t o  the  launch es- 
cape tower which was necessary t o  allow the  cover t o  be j e t t i s o n e d  along with the  launch escape 
system. 
w a s  fabr ica ted  on a t o o l  (form) and consis ted of f iberg lass  facesheets  and phenolic-honeycomb- 
core sandwich construct ion.  
the  assembly coated with a temperature r e s i s t a n t  paint .  

The a f t  assembly ( s p f t  cover) provided the thermal pro tec t ion  needed over t h e  remaining 
It consis ted of  an inner  l a y e r  of Teflon-coated f i b e r g l a s s  

A plaster-splash process was used t o  

This assembly covered about the forward one-third of  the  cormnand module. This assembly 

A l a y e r  of cork thermal pro tec t ion  material was  bonded t o  t h i s  and 

two-thirds of the  command module. 
c l o t h  t o  which w a s  bonded the cork thermal pro tec t ion  material. 
segments t o  f a c i l i t a t e  shipment and f i n a l  i n s t a l l a t i o n .  
ob ta in  the required f i t  between the s o f t  cover and the colrmrand mdule .  
the  command module w l d  l i n e  resu l ted .  A mold line simulator t o o l  w a s  then constructed and used 
t o  f i t  and assembly the s o f t  cover. 
v a r i a t i o n s  of the  command module e x t e r i o r  surfaces .  

The assembly was made in seven 

An exact dupl ica t ion  of 

The operat ion was performed on each spacecraf t  because of 

9.1.3.5 F ina l  assembly.- The elements of the launch escape system were assembled, and a 
The assembled u n i t  f i n a l  mechanical f i t  check with the  assigned connnand module was  performed. 

w a s  then used in support of downstream systems checkout a c t i v i t i e s .  

9.1.4 Spacecraft/Lunar HDdule Adapter Assembly 

The 8pacecraf t / lunar  w d u l e  adapter  consis ted of a forward and an a f t  sec t ion .  Each s e c t i o n  
cons is ted  of four  bonded-aluminum-honeycomb-construction subassemblies. 
trimmed and assembled on a major assembly f i x t u r e  in a p i t  in the f l o o r  which w a s  20 f e e t  deep 

Each subassembly w a s  

i 

i 
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and 35 f e e t  square ( f i g .  9-5). T h i s  f i x t u r e  was unique because i t  w a s  cons t ruc ted  below ground 
l e v e l .  
b l y  j i g s .  adhesive w a s  appl ied ,  and curing was accomplished in one of  t h e  l a r g e s t  autoclaves i n  
the United S t a t e s  ( f i g .  9-6). 

The honeycomb panels  t h a t  made up the  subassemblies were p r e f i t t e d  f o r  bonding on assem- 

I n s t a l l a t i o n s  of  secondary s t r u c t u r e  and equipment were performed after the  assembly was 
removed from the  p i t  and placed i n  an above-floor-level workstand. 
sembly, t h e  u n i t  was f i t t e d  with a shipping cover and t ranspor ted  t o  t h e  using s i t e .  The f i r s t  
th ree  assemblies were transported by h e l i c o p t e r  i n  approximately 300-mile l e g s  ( f i g .  9-7). The 
remaining assemblies were t ranspor ted  by the  Super Guppy, a s p e c l a l l y  modified a i r c r a f t .  

On completion of  f i n a l  as- 

9.1.5 Systems and Vehicle Checkout 

9.1.5.1 In tegra ted  systems checkout.- The i n t e g r a t e d  s y s t e m  checkout v e r i f i e d  t h e  opera- 
t i o n  of  the e l e c t r i c a l ,  e l e c t r o n i c ,  environmental c o n t r o l ,  and mechanical systems of  t h e  elec-  
t r i c a l l y  and mechanically mated command and s e r v i c e  module. Before power was appl ied  t o  t h e  
spacecraf t ,  a bus c o n t i n u i t y  check was performed t o  i n s u r e  t h a t  t h e  power d i s t r i b u t i o n  system was 
wired c o r r e c t l y  and t h a t  t h e r e  were no grounded (shor t -c i rcu i ted)  power c i r c u i t s .  The spacecraf t  
power d i s t r i b u t i o n  system was then v e r i f i e d  using e x t e r n a l  power sources  and t h e  d a t a  systems 
were checked so t h a t  t h e  opera t iona l  instrumentat ion systems could be used during systems check- 
out .  F i n a l l y ,  t h e  environmental cont ro l  system was v e r i f i e d .  Af te r  completion of  t h e  systems 
t e s t i n g ,  the  s p a c e c r a f t  w a s  readied f o r  in tegra ted  test. 

9.1.5.2 In tegra ted  t e s t . -  For in tegra ted  test, t h e  command module, t h e  s e r v i c e  module, and 
the  launch escape tower were e l e c t r i c a l l y  mated; e l e c t r i c a l  s imula tors  were s u b s t i t u t e d  f o r  t h e  
spacecraf t / lunar  module adapter ,  the  launch vehic le ,  and t h e  spacecraf t  pyrotechnics;  and an in- 
ertla s imulator  was s u b s t i t u t e d  f o r  t h e  s e r v i c e  propuls ion system nozzle.  Ground power was sub- 
s t i t u t e d  f o r  f u e l  cel l  power but b a t t e r i e s  with power supply backup were used f o r  t h e  en t ry  bat-  
t e r i e s .  

The i n t e g r a t e d  test was o r i g i n a l l y  performed in two phases:  "plugs-in" t e s t i n g  was conducted 
with the  ground checkout equipment connected and "plugs out"  t e s t i n g  was conducted with the  ground 
checkout equipment disconnected i n  an attempt t o  e l e c t r i c a l l y  i s o l a t e  t h e  spacecraf t  from the  
f a c i l i t y  grounding system. Beginning with CSM-107 ( the  Apollo 11 s p a c e c r a f t ) ,  t h e  "plugs-out" 
phase was abandoned, b a s i c a l l y  f o r  two reasons.  
lems could be i d e n t i f i e d  as r e s u l t i n g  s p e c i f i c a l l y  from t h e  "plugs-out" conf igura t ion  and t h a t  
t h e  vehic le  could n o t ,  I n  f a c t ,  be e l e c t r i c a l l y  i s o l a t e d .  

A review of  test records revealed t h a t  no prob- 

The In tegra ted  test included t h e  a b o r t  modes (pad, low-al t i tude and h igh-a l t i tude  abor t s )  
and the  normal mission p r o f i l e .  The normal mission s imulat ion cons is ted  of  t h e  fol lowing phases: 
launch p r o f i l e ,  o r b i t  i n s e r t i o n ,  e a r t h  o r b i t ,  t rans lunar  i n j e c t i o n  and c o a s t ,  l u n a r  o r b i t  inser -  
t i o n ,  lunar  o r b i t ,  t r a n s e a r t h  i n j e c t i o n  and c o a s t ,  e n t r y ,  and e a r t h  landing.  The spacecraf t  sys- 
tem were exercised as they were expected t o  be during t h e  var ious mission phases.  

9.1.6 F a c i l i t i e s  

T h e  command and s e r v i c e  rmdule and the  launch escape tower were engineered,  designed, as- 
sembled, and acceptance t e s t e d  a t  t h e  prime cont rac tor  f a c i l i t i e s  a t  Douney, Cal i forn ia .  
proximately 400 000 square f e e t  of f l o o r  space was used f o r  t h e  Apollo a c t i v i t i e s .  
t o r ' s  f a c i l i t y  a t  Tulsa.  Oklahoma, was used t o  m n u f a c t u r e  the  spacecraf t / lunar  module adapter  
and most of the l a r g e r  honeycomb subasaemblies of the  service module. 

Ap- 
The contrac- 

9.1.6.1 Bonding and test f a c i l i t y . -  A 26 000-square-foot bu i ld ing  housed the bonding and 
test f a c i l i t y .  
processing,  adheaive prepara t ion ,  and inspec t ion  opera t ions  ( including u l t r a s o n i c ) .  The bui ld ing  
contained a temperature- and humidity-controlled room f o r  the  adhesive prepara t ion ,  provis ions 
f o r  overhead handling, complete m e t a l  processing f a c i l i t i e s ,  a r e a s  f o r  r e f r i g e r a t e d  s torage ,  mix- 
ing  equipment, and c u t t i n g  and spreading t a b l e s .  Two autoclaves were a v a i l a b l e  f o r  cur ing  the  
bonded assemblies.  One au toc lave  was e s p e c i a l l y  designed t o  accommodate t h e  s i z e  and shape o f  
the comand module. 
panels  and subassembliee. 

Operations performed in  t h i s  bu i ld ing  cons is ted  of honeycomb prepara t ion ,  metals  

The second autoclave,  a s tandard c y l i n d r i c a l  type. was used f o r  smaller  
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9.1.6.2 S t ruc ture  f a b r i c a t i o n  area.-  Fabricat ion of the command and serv ice  modules, space- 
c r a f t l l u n a r  module adapters ,  and launch escape towers was performed i n  approximately 85 000 
square f e e t  of high-bay manufacturing area.  

Automatic a l ternat ing-current  and d i rec t -cur ren t  fusion-welding was used t o  weld the  command 
module segments. 
and holding track-mounted skate heads f o r  all circumferent ia l  and longi tudina l  welding operat ions.  

Pro tec t ive  covers were provided f o r  a l l  spacecraf t  p a r t s  and assemblies t o  prevent damage 

Mechanical equipment w a s  used f o r  trimming and c u t t i n g  inner  and outer  panels 

t o  f r a g i l e  sk ins ,  and a spec ia l  h i g h - l i f t  crane f i x t u r e  supported tank p r e f i t t i n g  and i n s t a l l a -  
t i o n  operat ions f o r  the service module. 

Manual fusion-welding equipment w a s  used i n  launch escape tower fabr ica t ion  operat ions.  
Bridge cranes,  s l i n g s ,  pickup d o l l i e s ,  and spec ia l  racks f a c i l i t a t e d  the  handling and t ransport-  
ing of subassemblies and assemblies. 

9.1.6.3 Electronic  and electromechanical equipment f a b r i c a t i o n  and checkout area.-  An area 
of approximately 60 000 square feet was provided f o r  the  f a b r i c a t i o n  of e l e c t r o n i c  and e lec t ro-  
mechanical equipment. T h i s  equipment included de l iverable  a i rborne modules, ground support equip- 
ment, and s y s t e m  measuring devices. 
wire and s leeving preparat ion,  wire harness and cable  assembly fabr ica t ion ,  wir ing cont inui ty  
v e r i f i c a t i o n ,  po t t ing  and encapsulation, e l e c t r o n i c  subassembly fabr ica t ion ,  e l e c t r o n i c  i n s t a l -  
l a t i o n  and f i n a l  assembly, and w d u l e  and console func t iona l  tests. 

Operations performed in the  production area consis ted of 

Standard wire  preparat ion equipment included wire c u t t e r s ,  wire stampers, thermal wire s t r i p -  
pers ,  and mall processing ovens. A l l  solder ing was  performed in an environmentally cont ro l led  
area t h a t  met NASA spec i f ica t ions .  T h i s  area was  a i r -condi t ioned;  had dus t - res i s tan t  f l o o r s ,  
walls, and c e i l i n g s ;  had 75-foot-candle general i l luminat ion and high-level l i g h t i n g  a t  produc- 
t i o n  work s t a t i o n s ;  and was equipped with shoe cleaners .  

9.1.6.4 Tube f a b r i c a t i o n  and cleaning f a c i l i t y . -  A f a c i l i t y  of approximately 12 000 square 
f e e t  w a s  used f o r  tube fabr ica t ion  and cleaninn. The tube f a b r i c a t i o n  equipment consis ted mainly - .  
of c u t G f f  saws, deburring and f l a r i n g  equipment, and tube bending equipment. 
were provided f o r  the precleaning and f i n a l  cleaning of s t a i n l e s s  steel tubing and f o r  t h e  pre-  
c leaning,  p la t ing ,  and f i n a l  c leaning of aluminum tubing. The f i n a l  c leaning area was environ- 
mentally control led.  

Cleaning f a c i l i t i e s  

9.1.6.5 Pressure t e s t i n g  f a c i l i t i e s . -  A l l  pressure- tes t ing operat ions t h a t  could not be 

Hazardous systems and comnand module t e s t s  were performed i n  a 
Hazardous pressure 

performed i n  the f i n a l  assembly and checkout f a c i l i t y  (because of the hazards involved) were per- 
formed i n  dpecial  test c e l l s .  
pressure t e a t  cel l  t h a t  provided gas pressures  and environmental control .  
tests on the serv ice  module were performed in an environmentally control led pi t - type test c e l l  
t h a t  w a s  25 f e e t  deep, 25 f e e t  long, and 23 f e e t  vide. 

9.1.6.6 Systems in tegra t ion  and checkout f a c i l i t y . -  An area of approximately 133 000 square 
f e e t  WM provided f o r  spacecraf t  systems in tegra t ion  and checkout. 
consis ted of four general sect ions.  The sec t ions  nearest the east and west walls were of two- 
s t o r y  construct ion t o  accomnodate o f f i c e s ,  assembly and maintenance areas, c r i b  cont ro l  rooms, 
se rv ic ing  equipment room, and o ther  general supporting areas. 
s i s t e h o f  a low-bay and a high-bay sect ion.  
and the sec t ion  had two 10-ton br idge cranes t h a t  t raveled t h e  f u l l  length of t h e  bui lding.  
sec t ion  waw used f o r  spacecxaft i n E t @ l a t i E ,  modification, and preparat ion operat ions.  
c e i l i n g  of t h e  high-bay area  was 63 f e e t  high, and the-n had two 15-ton br idge cranes t h a t  
also t raveled the f u l l  l ength  of the  building. T h i s  area was used f o r  individual  systems check- 
out and b t e g r a t e d  systems checkout a f t e r  uwdule mating. 

The i n t e r i o r  of the  bui lding 

The center  of t h e  bui lding con- 
The c e i l i n g  ~- of the low-bay sec t ion  was 42 f e e t  high,  

T h i s  
The 

~- ~ 

The primary purpose of t h i s  f a c i l i t y  was t o  provide an area in which temperature, humidity, 
and dust were cont ro l led  during i n s t a l l a t i o n  and checkout operat ions t o  assure  maximum r e l i a b i l -  
i t y  of the spacecraf t  in tegra ted  systems. 
assembly of systema and subsystems. i n s t a l l a t i o n  of  these components in t h e  spacecraf t .  individ- 
ua l  s y s t e m  checkout of t h e  comand and service module, combined systems checkout of t h e  coamand 
and service module, test instrumentation i n s t a l l a t i o n ,  modification and updating t o  the  latest 
design configurat ion,  integrated test and shipping preparation. 

Functions performed i n  t h i s  f a c i l i t y  included f i n a l  

. . 
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9.1.7 Equipment 

The i t e m s  of  manufacturing and test f i x t u r e s  and equipment used t o  support  t h e  assembly and 
checkout of t he  Apollo command and service module were numerous. 
items are desc r ibed  and l i s t e d  i n  t a b l e  9-1 to provide a gene ra l i zed  concept o f  o v e r a l l  opera- 
t i o n s .  

Some o f  t h e  more important  

9.1.7.1 Automatic circuit-_analyzer.-  The l a r g e  amount of w i r ing  on t h e  s p a c e c r a f t  r equ i r ed  
t h a t  an automatic  c i r c u i t  a n a l y s i s  test program be i n s t i t u t e d  f o r  v a l i d a t i n g  in t e rconnec t ing  wir- 
ing systems. Time f o r  v a l i d a t i n g  wi r ing  systems was reduced by one-fourth,  t hus  dec reas ing  t h e  
o v e r a l l  flow t i m e  of t h e  v e h i c l e  i n  manufacturing. 
l i es  recorded t o  exped i t e  e r r o r  l o c a t i o n ,  f a i l u r e  a n a l y s i s ,  and t h e  r equ i r ed  c o r r e c t i v e  a c t i o n .  
The f o l l o v i n g  were t y p i c a l  tests. 

Test  r e s u l t s  were d i sp layed  and a l l  anoma- 

. 
c 

a .  Cont inui ty  of  w i r ing  

b. Noncontinuity of  unused p ins  and connectors  

c .  Shor t - c i r cu i t  d e t e c t i o n  

d.  Leakage d e t e c t i o n  

e. I n s u l a t i o n  r e s i s t a n c e  

f .  E l e c t r i c a l  connection bonding r e s i s t a n c e  

9.1.7.2 x.- The acceptance checkout equipment 
was a computerized system t h a t  provided c e n t r a l i z e d ,  programmed c o n t r o l  and monitoring of  space- 
c r a f t  checkout ope ra t ions .  The automatic  checkout system, coupled wi th  i n t e r f a c e  equipment, a 
d i g i t a l  test couunand system, and a d i g i t a l  test monitor system, provided manual, semiautomatic, 
and automatic  m d e s  of ope ra t ion  t o  accommodate system t e s t i n g ,  i n t e g r a t e d  t e s t i n g ,  and launch 
support .  

The t e s t i n g  of  s p a c e c r a f t  systems was c o n t r o l l e d  from m d u l e s  l o c a t e d  i n  system consoles.  
The modules f a c i l i t a t e d  the  inpu t  of  the appropr i a t e  command s e l e c t i o n s ,  computer subrout ine 
s e l e c t i o n s ,  o r  s p a c e c r a f t  guidance computer information t o  the  spacec ra f t .  

Each system console had a v a r i e t y  of  t e s t - c o m n d  c a p a b i l i t i e s  t h a t  were necessary f o r  t h e  
t e s t i n g  and checkout of  a p a r t i c u l a r  system. A console could ope ra t e  independent ly  simultane- 
ous ly  wi th  o t h e r  system consoles .  The up-link computer i n t e r p r e t e d  and r eac t ed  t o  t h e  c o m n d s  
i n i t i a t e d  from t h e  system console.  The signals generated by t h e  acceptance checkout equipment 
ground s t a t i o n  were t r ansmi t t ed  by h a r d l i n e s  t o  the  d i g i t a l  test command system. 
mission checks and v e r i f i c a t i o n  t e s t s  were accomplished t o  ensure maximum confidence i n  proper  
couunand t ransmissions.  

Redundant t r ans -  

Test d a t a  t o  be down-linked were obtained from senso r s  i n  the  s p a c e c r a f t  and from the  ground 
support  equipment. 
t r ansmi t t ed  as serial pulse-code-modulated d a t a  t o  t h e  recording and d i s p l a y  equipment t h a t  re- 
ce ived ,  recorded,  and displayed the  s p a c e c r a f t  performance d a t a ,  as r equ i r ed  by t h e  s p e c i f i c  test 
being conducted. 

These d a t a  were signal-condi t ioned in the  d i g i t a l  test monitor system and 

The d a m - l i n k  computer performed t h e  r equ i r ed  processing f u n c t i o n s  such a s  predetermined 
The d a t a  were converted t o  limit checks,  engineer ing u n i t  conversions,  and d a t a  compression. 

s i g n a l s  d i sp l ayed  as alphanumeric c h a r a c t e r s  on the  appropr i a t e  system consoles .  
c luded unique o u t p u t s  based on s p e c i a l  requirements,  t he  s t a t u s  of  automatic  test sequences,  and 
t h e  s t a t u s  of  s p e c i f i c  parameters.  Blinking d i s p l a y s  ind ica t ed  t h a t  parameter limits were being 
exceeded. 

Displays in-  

. 
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TABLE 9-1.- COMMAND AND SERVICE MDDULE MANUFACTURING 
FIXTURES AND EQUIPMENT 

I Fixture/equipment 

Bonding autoclaves : 
Cylindrical (12 x 20 ft) 
Clamshell (15-f t diam. ) 

Weld fixtures: 
Circumferential skate-t ype 
tool I 

Headstock and tailstock 
positioner 

Ferris wheel inner sidewall 
assembly tool 

Og ive bulkhe ad too 1 

Forward inner structure 
assembly tool 

Tumble-and-clean fixture 

Weight and balance fixture 

Purpose 

Bonding operations. 

Trim and weld inner shell and ring 
assembly (crew compartment) to 
inner aft bulkhead. 

Position, support and rotate crew 
compartment horizontally during 
final assembly. 

Assemble, trim and weld inner 
sidewall components. 

Trim and weld bulkhead segments. 

Trim and weld forward inner struc- 
ture subassembly. 

Dislodge and remove debris result- 
ing from manufacturing operations. 

Determine dry weight and center of 
of gravity of command module and 
service module. 

. 
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9.2 LUNAR MODULE 

9.2.1 Ascent Stage Assembly and Checkout 

. 

The ascent  s tage  s t r u c t u r e  cons is ted  of four  subassemblies: the  f r o n t  face ,  t h e  cabin s k i n ,  
the midsection, and the a f t  equipment bay. 
p l i shed  i n  f i x t u r e s ;  on completion, t h e  subassemblies were placed i n  an ascent  s t r u c t u r e  main 
f i x t u r e  f o r  f i n a l  assembly and mating operat ions.  The s t r u c t u r a l  assembly w a s  then subjected 
t o  a cabin proof and l e a k  tes t .  
t u r e  i n s t a l l a t i o n  were completed i n  an ascent  S t r u c t u r e  workstand. The completed s t r u c t u r a l  
assembly was then i n s t a l l e d  in an environmentally cont ro l led  ascent  s t a g e  general  f i x t u r e  f o r  
i n s t a l l a t i o n  of e l e c t r i c a l  equipment, f l u i d s  systems, the  reac t ion  cont ro l  system, the  environ- 
mental cont ro l  system module, and o ther  equipment, as s h a m  i n  f i g u r e  9-8. 

Fabricat ion of these  four  subassemblies w a s  accom- 

Opt ica l  alignment o f  the  navigat ion base and secondary s t r u c -  

The ascent  s tage  was then moved t o  a cold-flow f a c i l i t y  f o r  t h e  i n i t i a l  f l u i d s  test and 
checkout operat ions.  Each f l u i d s  aystem w a s  subjected t o  a s e t  of c a r e f u l l y  cont ro l led  func- 
t i o n a l  tests t h a t  demonstrated proper operat ion.  Test ing w a s  conducted t o  proof the  system; 
t e s t  f o r  leaks  a t  j o i n t s  (both brazed and mechanical); check o v e r a l l  systems leakage, flow r a t e s ,  
pressure regula tors ,  and r e l i e f  valve funct ions;  and v e r i f y  o r i f i c e  configurat ion t o  assure  
proper f l u i d  r a t i o s  of ox id izer  and f u e l  f o r  the  propuls ion system. 

From the cold-flow f a c i l i t y ,  the  ascent  s tage  w a s  processed through a rotate-and-clean oper- 
The cleaned s tage  w a s  then t ransfer red  t o  an In tegra ted  general  f i x t u r e  where the  elec-  a t i o n .  

t r o n i c  equipment was i n s t a l l e d ,  thermal i n s u l a t i o n  and thermal sh ie ld ing  were p r e f i t t e d ,  the  as- 
cent engine was i n s t a l l e d ,  and the  primary guidance and navigat ion system was i n s t a l l e d  and 
a l igned ,  

F ina l  test and checkout of the systems ( in tegra ted  systems tests) were accomplished a f t e r  
the ascent  and descent s tages  had been mated. An e n t i r e  complex of ground support equipment was 
in te r faced  with the assembled s tages  and, with a c a r e f u l l y  cont ro l led  s e t  o f  opera t iona l  checkout 
procedures, each system was subjected t o  cont ro l led  s t i m u l i .  The responses of t h e  vehic le  sub- 
systems were recorded f o r  comparison t o  the p a s s / f a i l  c r i t e r i a  required f o r  acceptance. 
crepancies ,  i f  found were recorded; t roubleshoot ing was performed t o  i s o l a t e  the  anomalous con- 
d i t i o n ;  cor rec t ive  ac t ion  was  provided; and retests were conducted t o  demonstrate s a t i s f a c t o r y  
reso lu t ion .  

D i s -  

The ascent  s tage  was moved back t o  the  cold-flow f a c i l i t y  f o r  f i n a l  f l u i d s  systems test. 
The ascent  s t a g e  propuls ion and reac t ion  cont ro l  systems were subjected t o  procedural tests 
which demonstrated t h a t  the  f l u i d  flows, pressures ,  and func t iona l  pa ths  conformed t o  spec i f i -  
ca t ions  and could support mission requirements as complete systems. F ina l  v e r i f i c a t i o n  of t h e  
coolant-loop serv ic ing  and func t iona l  c a p a b i l i t y  was a l s o  performed a t  t h i s  t i m e .  The ascent  
s t a g e  was then moved back t o  the  in tegra ted  general  f i x t u r e  and mated t o  the  descent  s tage  i n  
preparat ion f o r  the formal engineering acceptance test descr ibed i n  s e c t i o n  9.2.3. 
t i o n  of the  test, the  ascent  s tage  was  t r a n s f e r r e d  t o  a weighing f i x t u r e .  The s tage  was weighed, 
t h e  center  of grav i ty  loca ted ,  and a f i n a l  inspec t ion  made t o  confirm readiness  f o r  shipment. 
Af te r  removal of some of the -re f r a g i l e  equipment such a s  antennas, which were shipped sep- 
a r a t e l y ,  the  ascent  s t a g e  was packaged f o r  shipment. 

On comple- 

9.2.2 Descent Stage Assembly and Checkout 

The descent s t a g e  s t r u c t u r e  cons is ted  of machined p a r t s  and panel s t i f f e n e r  assemblies t h a t  
were mechanically joined.  
the  upper and lower deck assemblies-added, and the machined i n t e r s t a g e  f i t t i n g s  at tached t o  com- 
p l e t e  the  s t r u c t u r a l  assembly. 
t u r e .  The s tage  was then moved t o  a descent s t r u c t u r e  workstand where t h e  f l u i d s  equipment and 
wir ing w a s  i n s t a l l e d .  
formed within an environmentally cont ro l led  f i x t u r e  as shown i n  f i g u r e  9-9. 
ment i n s t a l l a t i o n  opera t ions ,  the s tage  was  moved t o  the cold-flow f a c i l i t y  f o r  t e s t i n g  s i m i l a r  
t o  t h a t  descr ibed f o r  t h e  ascent  s tage .  

The engine compartment was assembled, the  tank compartments formed, 

This assemblage was  accomplished i n  a descent  s t r u c t u r e  main f ix-  

Cross leak  checks and harness v e r i f i c a t i o n  tests were subsequently per- 
Following t h e  equip- 
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Figure 9-8.- Ascent stage assembly and checkout. 
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Figure 9-8.- Ascent stage assembly and checkout - Concluded. 
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From the  cold-flow f a c i l i t y ,  the descent  s t a g e  was processed through t h e  rotate-and-clean 
ope ra t ion .  The cleaned descent  s t a g e  was then moved t o  t h e  i n t e g r a t e d  gene ra l  f i x t u r e  f o r  in- 
s t a l l a t i o n  of  e l e c t r o n i c  and s c i e n t i f i c  equipment, t h e  descent  engine,  and f o r  alignment and 
mating wi th  t h e  a scen t  s t a g e  in p repa ra t ion  f o r  i n t e g r a t e d  systems tests. On completion of t h e  
tests, the  descent  s t a g e  was aga in  moved t o  t h e  cold-flow f a c i l i t y  where f i n a l  v e r i f i c a t i o n  was 
made of  t h e  engine i n s t a l l a t i o n  and the  descent  propuls ion system. 
p l e t e d .  t h e  descent  s t a g e  w a s  t r a n s f e r r e d  back t o  t h e  i n t e g r a t e d  gene ra l  f i x t u r e  and mated t o  
t h e  a scen t  s t a g e  i n  p repa ra t ion  f o r  t he  formal eng inee r ing  acceptance test (sec.  9 . 2 . 3 ) .  A f t e r  
t h e  test was  completed, t he  landing gear  were a t t ached  and t e s t e d  f o r  f u n c t i o n a l  o p e r a t i o n ,  t h e  
s t a g e  w a s  weighed, t he  c e n t e r  of g r a v i t y  was determined, and t h e  l and ing  gea r  were removed. Af- 
ter a f i n a l  i n s p e c t i o n  t o  confirm read iness  f o r  shipment,  t he  descen t  s t a g e  w a s  packed f o r  ship-  
ment. 

When t hese  tests were cou- 

4 

9 . 2 . 3  Formal Engineering Acceptance Tes t  

The formal engineer ing acceptance test w a s  designed t o  e x e r c i s e  a l l  f u n c t i o n a l  pa ths  of  t h e  
l u n a r  module v e h i c l e  systems. 
used du r ing  the test t o  provide,  as n e a r l y  as p s s i b l e ,  f l i g h t  stimuli and response cond i t ions  
without  compromising the  v e h i c l e  hardware. 

Four ground support  equipment/vehicle test conf igu ra t ions  were 

The f i r s t  test conf igu ra t ion  cons i s t ed  of t h e  i n t e g r a t e d  v e h i c l e  w i th  s imulated r e a c t i o n  
c o n t r o l  system t h r u s t e r s ,  power s u p p l i e s  i n s t ead  of  b a t t e r i e s ,  and a l l  t h e  ground support  equip- 
ment instrumentat ion a s soc ia t ed  with the  automatic checkout equipment. Th i s  test v e r i f i e d  the  
t o t a l  l una r  module systems electromagnet ic  compa t ib i l i t y  performance i n  t y p i c a l  mission modes. 
The a scen t  and descent  s t a g e s  were e l e c t r i c a l l y  and mechanically mated f o r  t h e  descent  abor t  and 
abor t  s t a g i n g  phases  of t h e  mission s imulat ions.  The a scen t  s t a g e  was e l e c t r i c a l l y  disconnected 
f o r  t he  a scen t  s t a g e  s imulat ions.  

The second test conf igu ra t ion  cons i s t ed  of  t he  a scen t  s t a g e  and s p e c i a l  t iming equipment 
a t t ached  t o  t h e  ground support  equipment connectors  on the  r e a c t i o n  c o n t r o l  t h r u s t e r  so l eno id  
c i r c u i t s .  This  test w a s  conducted a f t e r  f i n a l  w i r ing  o f  t h e  f l i g h t  t h r u s t e r s  was completed, and 
proper  t iming of t he  t h r u s t e r  va lves  and proper primary-to-secondary c o i l  i d e n t i f i c a t i o n  were 
v e r i f i e d .  

The t h i r d  test conf igu ra t ion  cons i s t ed  of  the mated descent  and a scen t  s t a g e s  supported in 
a f i x t u r e  t h a t  provided motion in t h e  p i t c h ,  r o l l ,  and yaw axes on command. The end-to-end po- 
l a r i t y  of  t he  a t t i t u d e  c o n t r o l  loop was v e r i f i e d  by phys ica l ly  r o t a t i n g  t h e  v e h i c l e  and v e r i f y -  
i n g  proper  response of  t h e  r a t e  gyros and the  abor t  sensor  gyro assemblies  about t h e  v e h i c l e  
axes .  

The f o u r t h  test conf igu ra t ion  cons i s t ed  of t h e  mated s t a g e s  connected t o  a very minimum of 
ground support  equipment. Each func t iona l  
phase of  a manned l u n a r  mission w a s  performed wi th  switch sequences p rogramed  t o  d u p l i c a t e  pre- 
launch checkout,  ea r th -o rb i t  ope ra t ions ,  t r a n s l u n a r  p repa ra t ion ,  s e p a r a t i o n  and luna r -o rb i t  in- 
s e r t i o n ,  l u n a r  descent  and l and ing ,  l una r  s t a y ,  pre-ascent checkout,  primary guidance powered 
a s c e n t ,  and a demonstration of t he  a b o r t  guidance system a b o r t  and rendezvous c a p a b i l i t y .  
test was performed by r a d i o  up-link t o  t h e  lunar module and monitored by r a d i o  down-link d i s -  
p l ays  on consoles  in an automatic  checkout equipment s t a t i o n  c o n t r o l  room. 

The v e h i c l e  w a s  equipped with f l i g h t - t y p e  b a t t e r i e s .  

The 

9 . 2 . 4  F a c i l i t i e s  

. 

The l u n a r  module was engineered,  designed, manufactured, and acceptance t e s t e d  a t  t h e  prime 
c o n t r a c t o r ' s  p l a n t  in Bethpage, Long I s l and ,  New York, be fo re  shipment t o  t h e  Kennedy Space Cen- 
ter in F lo r ida  f o r  launch p repa ra t ions .  The p l a n t  cons i s t ed  of  21 major f a c i l i t i e s  w i th  more 
than 5 m i l l i o n  squa re  f e e t  of  ope ra t ing  space.  Since v i r t u a l l y  a l l  the  prime c o n t r a c t o r ' s  manu- 
f a c t u r i n g  and t e s t i n g  t a s k s  were t o  be performed wi th in  t h e  Bethpage complex, t he  f a c i l i t i e s  se- 
l e c t e d  f o r  l u n a r  module manufacturing and t e s t i n g  were l o c a t e d  wi th in  a 1-mile r a d i u s ,  t hus  al- 
lowing f o r  an e f f i c i e n t  flow o f  p a r t s ,  components, and subassemblies t o  a c e n t r a l i z e d  f i n a l  as- 
sembly and test area. 
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9.2.4.1 Ascent s t a g e  s t ruc tu ra l /mechan ica l  manufacturing area.-  An assembly a r e a  o f  approx- 
imately 20 000 square f e e t  was a l l o c a t e d  exc lus ive ly  f o r  the a scen t  s t a g e  s t r u c t u r e  and mechani- 
c a l  systems i n s t a l l a t i o n .  
made a v a i l a b l e  f o r  l u n a r  naodule use on a t ime-sharing b a s i s  w i th  o t h e r  programs of  t h e  prime con- 
t r a c t o r .  T h i s  a r e a  was s e l e c t e d  because of t he  complete range of  equipment and f a c i l i t i e s  a v a i l -  
a b l e  f o r  nranual o r  f u s i o n  welding, r e s i s t a n c e  welding, chemical m i l l i n g ,  s p i n  forming, honeycomb 
bonding, hea t  t r e a t i n g ,  i n spec t ion ,  shipping,  and r ece iv ing .  

An a d d i t i o n a l  200 000 squa re  f e e t  of  f a c i l i t i e s  and equipment were 

9.2.4.2 Descent s t a g e  s t ruc tu ra l /mechan ica l  manufacturing area.-  An assembly area of  approx- 
imately 15 000 square feet was a l l o c a t e d  exc lus ive ly  f o r  t he  descent  s t a g e  s t r u c t u r e  and subassem- 
b ly  elements.  An a d d i t i o n a l  120 000 square f e e t  of f a c i l i t i e s  and equipment were a v a i l a b l e  on a 
t ime-sharing b a s i s  f o r  t he  manufacture of l una r  module d e t a i l  p a r t s .  T h i s  a r e a  w a s  s e l e c t e d  be- 
cause the  descent  s t a g e  s t r u c t u r e ,  which cons i s t ed  of machined aluminum beams, chemical ly  mi l l ed  
s k i n  pane l s ,  and shee t  metal  p a r t s ,  was compatible wi th  the  manufacturing techniques used i n  t h i s  
a r e a  i n  t h e  product ion of v i r t u a l l y  a l l  shee t  metal  p a r t s  f o r  o t h e r  programs o f  t h e  prime con- 
t r a c t o r .  

9.2.4.3 _Centralized l u n a r  module asaembl i n s t a l l a t i o n  and f i n a l  acce  t ance  test a rea . -  
. The o v e r a l l  l una r  module support  area and fac1;;ties r equ i r ed ’ fo r  t he  f i n a l  a:sembly. i n s t a l l a -  

t i o n ,  and test of  the l u n a r  module before  shipment cons i s t ed  of approximately 70 000 squa re  f e e t  
of  space f o r  exc lus ive  l u n a r  module use and an a d d i t i o n a l  40 000 square f e e t  of f a c i l i t i e s  and 
equipment made a v a i l a b l e  on a t ime-sharing b a s i s  with o t h e r  programs o f  the prime c o n t r a c t o r .  
The f i n a l  assembly area w a s  capable  0.f support ing t h r e e  v e h i c l e s  i n  i n t e g r a t e d  t e s t i n g  a t  one 
t i m e  bes ides  i n d i v i d u a l  work s t a t i o n  a r e a s  f o r  two descent  stages and t h r e e  a scen t  s t a g e s .  The 
i n d i v i d u a l  work s t a t i o n  areas were used t o  prepare t h e  v e h i c l e  f o r  f i n a l  acceptance tests and 
shipment. 

9.2.4.4 High-pressure test f a c i l i t y  (cold flow).- The high-pressure t e s t  f a c i l i t y  had spe- 
&a1 f e a t u r e s  t h a t  permit ted remote-controlled s t a t i c  and dynamic t e s t i n g  of  high-pressure f l u i d  
ope ra t ing  systems. 
environmental  c o n t r o l ,  and r e a c t i o n  c o n t r o l  systems. 
s o l e s  and da ta -acqu i s i t i on  in s t rumen ta t ion  equipment. A room f o r  e l e c t r i c a l  and mechanical sup- 
p o r t  equipment was c e n t r a l l y  loca t ed  so t h a t  each test c e l l  could be equipped wi th  t h e  necessary 
plumbing, v i t i n g ,  and manifolding f o r  supplying e l e c t r i c a l ,  f l u i d ,  and gas  requirements.  

Acceptance and development tests were conducted on luna r  module p ropu l s ion ,  
Two c o n t r o l  rooms housed t h e  ope ra t ing  con- 

9.2.5 Equipment 

Numerous i tems of  manufacturing and test equipment were used t o  support  t he  assembly and 
checkout of  a l u n a r  module. 
t e s t i n g  arc l i s t e d  i n  t a b l e  9-11. 

Some of  t h e  f i x t u r e s  and equipment used du r ing  v e h i c l e  assembly and 

9.2.6 Spec ia l i zed  Support Labora to r i e s  

Many s p e c i a l i z e d  f a c i l i t i e s  were used t o  t roubleshoot  s p e c i f i c  probleme, check e l e c t r o n i c  
packages, environmentally e x e r c i s e  components f o r  acceptance,  o r  otherwise i n d i r e c t l y  support  
ope ra t ions .  The more important  f a c i l i t i e s  and t a sk8  performed are desc r ibed .  

9.2.6.1 Full-mission engineer ing s imulator . -  The l u n a r  module ful l -mission eng inee r ing  s i m -  
u l a t o r  was a manned s imula t ion  f a c i l i t y  t h a t  provided a means of v e r i f y i n g  the  a c t u a l  lunar mod- 
u l e  f l i g h t  ar t ic le  c a p a b i l i t i e s ,  using an i n t e g r a t e d  system approach. 
cons i s t ed  of  descent  from l u n a r  o r b i t  t o  t he  s u r f a c e ,  a scen t  t o  rendezvous, and docking with t h e  
command and service module. 
abor t s .  
ing a combination of f l i gh t - type  and commercial-type equipment. 

The s imula t ion  p r o f i l e s  

Simulat ion a l s o  v e r i f i e d  t h e  a b i l i t y  t o  perform va r ious  mission 
The dynamic8 of t he  v e h i c l e  were s imulated wi th  s i x  degrees  of  rigid-body freedom us- 

9.2.6.2 
was used f o r  t h e  i n t e g r a t i o n  and v e r i f i c a t i o n  of  t he  f l i g h t  a b o r t  guidance and f l i g h t  c o n t r o l  
s y s t e m  hardware. 
s i t u a t i o n  w a s  v e r i f i e d  be fo re  use on a f l i g h t  veh ic l e .  
t roub le shoo t ing  of f l i g h t  hardware were a l s o  performed in t h i s  l abora to ry .  

F l i g h t  c o n t r o l  i n t e g r a t i o n  laboratory.-  The f l i g h t  c o n t r o l  i n t e g r a t i o n  l abora to ry  

The a b i l i t y  t o  o p e r a t e  and c o n t r o l  the e n t i r e  system i n  a r e a l i s t i c  mission 
P r e i n s t a l l a t i o n  checkout and system 

. 
4 

. 
b 
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TABLE 9-11.- LUNAR MODULE MANUFACTURII~G 
FIXTURES AND EQUIPMENT 

I Fixture/equipment 

Ascent stage general fixture 

Descent structure workstand 

Integrated general fixture 

Rotate-and-clean fixture 

Landing gear fixture 

Weight-and-balance fixture 

Automatic circuit analyzer 

Purpose 

Installation of electrical equip- 
ment, fluids systems, reaction con- 
trol system, environmental control 
system module, and other equipment. 

Installation of electrical equip- 
ment and fluid systems. 

Installation of ascent and descent 
engines, electronics equipment, 
primary guidance and navigation 
system, antennas and other equip- 
ment. 
cent and descent stages. Accept- 
ance testing. 

Alignment and mating of as- 

Tumbling of either ascent or de- 
scent stages to remove debris from 
manufacturing operations. 

Temporary installation of landing 
gear for functional demonstration 
of system. 

Determine dry weight and center of 
gravity of ascent stage or mated 
ascent and descent stages. 

See sec. 9.1.7.1. 

8 
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9 . 2 . 6 . 3  Data r e d u c t i o n  f a c i l i t y . -  An automated d a t a  r educ t ion  f a c i l i t y ,  a p p l i c a b l e  t o  a l l  
s p a c e c r a f t  programs, was  used t o  p rocess  t e l eme t ry  d a t a  i n  automatic ,  semiautomatic,  o r  manned 
c o n t r o l  modes. Output dev ices  included s t r i p - c h a r t  r e c o r d e r s ,  o s c i l l o g r a p h s ,  even t  r e c o r d s ,  an 
X-Y p l o t t e r ,  a d i g i t a l  p r i n t e r  p l o t t e r ,  and ca rd  and t ape  punch equipment. 

9 . 2 . 6 . 4  Primhry guidance l abora to ry . -  The primary guidance l a b o r a t o r y  was used by a s s o c i a t e  
c o n t r a c t o r s  f o r  p r e i n s t a l l a t i o n  t e s t i n g ,  t roub le shoo t ing ,  and acceptance t e s t i n g  o f  government- 
supp l i ed  hardware f o r  t h e  nav iga t ion  system and e l e c t r o n i c  systems b e f o r e  i n s t a l l a t i o n  i n  t h e  ve- 
hicle. 
t h e  necessa ry  ground support  equipment t o  perform a l l  test requirements .  

This unique l a b o r a t o r y  was  s t a f f e d  by a s s o c i a t e  c o n t r a c t o r  pe r sonne l  who a l s o  supp l i ed  

Add i t iona l  f a c i l i t i e s  f o r  s p e c i a l i z e d  support  i nc luded  a l a b o r a t o r y  f o r  t h e  development o f  
environmental  c o n t r o l  systems, a s imula to r  f o r  t e s t i n g  of l i f e  suppor t  systems, a h y d r o s t a t i c  
test l a b o r a t o r y ,  a d rop- t e s t  f i x t u r e ,  a thermal-vacuum f a c i l i t y ,  a f a c i l i t y  f o r  conduct ing h e a t  
t r a n s p o r t  and water management tests, and a l a b o r a t o r y  f o r  conduct ing component tests t o  v e r i f y  
environmental  tes t  requirements .  

, . 



10.0 LAUNCH SITE FACILITIES, EQUIPMENT. AND PRELAUNCH OPERATIO?iS 

10.1 WHITE SANDS MISSILE RANGE . 
b 

The Apollo launch escape and e a r t h  landing eystems were q u a l i f i e d  a t  t h e  White Sands Missile 
Range by a f l i g h t  test program conducted from 1963 t o  1965. 
s i g n i f i c a n t  c e r t i f i c a t i o n  t e s t i n g  of the cornnand and service module s t r u c t u r e s ,  b a t t e r i e s ,  and 
c e r t a i n  f l i g h t  instrumentation. Another important task  was t h e  f i r s t  use, including f i t  and 
funct ion tests. of  the  handling and checkout ground support equipment f o r  the  cornnand and ser- 
vice module. 
T e s t  Off ice  were disposi t ioned within 60 days of the  last L i t t l e  Joe 11 f l i g h t  test. 

The test program a l s o  accomplished 

All t h e  property and equipment assets of  the NASA White Sands Missile Range Fl ight  

10.1.1 Launch Complex 

A l l  of the  vehic les  launched in t h e  course of the  f l i g h t  test program at  White Sands were 
launched from Complex 36. The major f a c i l i t i e s  a r e  shown in f i g u r e  10-1. 

A s  o r i g i n a l l y  constructed,  Launch Complex 36 consis ted of a blockhouse, se rv ice  tower, and 
launch pad designed f o r  f i r i n g  Redstone missi les .  
se rv ice  tower and half  of t h e  blockhouse were assigned t o  the Apollo program f o r  L i t t l e  Joe I1 
launch vehic le  q u a l i f i c a t i o n  and spacecraf t  abort  tests. The o t h e r  half  of the  blockhouse and 
the  launch pad were assigned t o  another program. 

After  completion of t h e  Redstone program, t h e  

Requirements t o  support the  L i t t l e  Joe I1 e f f o r t  included a new launch pad, permanent t racks  
on which t h e  serv ice  tower could be moved t o  the  new launch pad area ,  a cable  t rench between the 
pad and the  blockhouse. a f a c i l i t y  transformer s t a t i o n ,  and a t r a n s f e r  and power room near t h e  
launch pad. The t r a n s f e r  and power room, known as t h e  power bui ld ing ,  contained junct ion boxes, 
regulated power suppl ies ,  and monitoring equipment. The serv ice  tower ( f i g .  10-2) required exten- 
s i v e  modification t o  accept the  L i t t l e  Joe II/Apollo vehic le  which was  l a r g e r  than the Redstone 
miss i le .  The serv ice  tower was  configured such t h a t  the  spacecraf t ,  when at tached t o  t h e  launch 
vehic le ,  w a s  enclosed in a c lean  room f o r  i n s t a l l a t i o n  and checkout of  components and instrumen- 
t a t i o n .  

10.1.2 Vehicle Assembly Building 

A vehic le  assembly bui lding ( f i g .  10-1) w a s  constructed approximately 1 mile from t h e  launch 
area .  The bui lding included a high bay area, electrdmechanical l a b o r a t o r i e s ,  s torage f a c i l i t i e s ,  
and s o l i d  propel lant  rocket motor checkout areas. The l i t t l e  Joe 11 launch vehic les  were un- 
loaded a t  t h i s  bui lding on a r r i v a l  and, occasional ly ,  the bui lding w a s  used t o  s t o r e  an Algol 
rocket  motor overnight. 
i n s t a l l a t i o n  of the  reac t ion  cont ro l  and hydraulic ac tua t ion  systems under a control led environ- 
ment. 

Later, a portable  c lean room was added in t h e  bui lding t o  permit f i n a l  

Permanent o f f i c e  space f o r  operat ions personnel w a s  not constructed because of  t h e  r e l a t i v e l y  
shor t  durat ion of the program. Instead,  15 m b i l e  o f f i c e  t r a i l e r s  were provided f o r  use during 
vehic le  assembly and checkout a c t i v i t i e s .  Trailers in the launch pad area were moved t o  a s a f e  
s i te  j u s t  before  i n i t i a t i o n  of t h e  f i n a l  systems checks before each launch and were returned af- 
ter launch. 

10.1.3 L i t t l e  Joe I1 Control System Test F a c i l i t y  

The cont ro l  system test f a c i l i t y  was located a t  an i s o l a t e d  s i te  ( f i g .  10-1) and contained 
a l l  the  equipment required t o  test and serv ice  t h e  reac t ion  cont ro l  system and t h e  hydraulic- 
powered aerodynamic cont ro l  system. 
cated steel bui lding t h a t  was environmentally control led t o  a temperature of 70' 25' F. 
pad and bui lding were separated by a distance of 45 f e e t  f o r  operator  sa fe ty .  

The f a c i l i t y  included a concrete test pad and a prefabr i -  
The 

The bui lding was 
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designed t o  withstand an overpressure of 42 pounds per  square f o o t ,  equiva len t  t o  t h e  simultane- 
ous explosion of a l l  four  r e a c t i o n  c o n t r o l  sys ten  tanks.  The pad included f l o o d l i g h t s  f o r  n ight  
opera t ions ,  showers and water f lush ing  f o r  hydrogen peroxide s a f e t y ,  tiedowns f o r  the  f i n  s tand .  
and e l e c t r i c a l  power o u t l e t s .  
on a paved a r e a  of the  f a c i l i t y .  
t h e  bui lding f o r  hydrogen peroxide surve i l lance .  An a t t i t u d e  cont ro l  f i n  test c o n t r o l  w a s  used 
t o  c o n t r o l  and monitor f i n  t e s t i n g ,  and por tab le  recording equipment was used t o  monitor system 
performance. 

The ground-support equipment used f o r  f i n  s e r v i c i n g  w a s  placed 
A hydrogen peroxide s e r v i c i n g  t r a i l e r  could be placed i n s i d e  

10.1.4 L i t t l e  Joe I1 Launcher 

The launcher ( f i g .  10-2) w a s  a mechanical s t r u c t u r e  used f o r  the  f i n a l  assembly and launch- 
ing of t h e  L i t t l e  Joe II /Apollo vehic les .  
a minimum amount of refurbishment was required between launches.  The launcher  mast, a t tached  t o  
the  support  platform,  supported the  payload umbil ical  r e t r a c t i n g  assembly and provided the  base 
f o r  two support  arms t h a t  s t a b i l i z e d  the  vehic le  during t h r u s t  bui ldup and l i f t - o f f .  
was swiveled on e lec t r ic -mtor -dr iven  crane-type t rucks  f o r  azimuth pos i t ion ing .  The support  
platform w a s  pivoted by means of electric-motor-driven screw j a c k s  f o r  e l e v a t i o n  pos i t ion ing .  
The pos i t ion ing  c o n t r o l s  and i n d i c a t o r s  were located in t h e  blockhouse. 
panel in t h e  blockhouse contained va lve  and pressure  cont ro ls  and i n d i c a t o r s  f o r  t h e  pneumatic 
systems which operated t h e  vehic le  support  arms and t h e  payload umbil ical  r e t r a c t i n g  assembly. 

Heavy steel I-beams formed the  major s t r u c t u r e  so t h a t  

The launcher  

In addi t ion ,  a c o n t r o l  

Changes made t o  the  launcher  during the  program included (1) redesign of the  payload umbil- 
i c a l  system f o r  t h e  A-003 mission t o  accommodate repos i t ion ing  of t h e  umbil ical  on b o i l e r p l a t e  
spacecraf t  22, and (2) incorpora t ion  of  an extension on t h e  nast f o r  t h e  A-004 mission because 
of the mre forward l o c a t i o n  of t h e  umbil ical  on spacecraf t  002. 

The launcher performed as designed f o r  a l l  f i v e  L i t t l e  Joe I1 launches.  A l l  mechanisms per- 
formed smoothly before  and a f t e r  each launch, and refurbishment w a s  held t o  a minimum. Actual 
launcher  pos i t ion ing  was  & t h i n  6 minutes of  t h e  des i red  angle  i n  azimuth and 1.5 minutes of t h e  
des i red  angle  in e leva t ion .  

10.1.5 Ground Support Equipment 

10.1.5.1 L i t t l e  Joe  11.- The major ground support  equipment items f o r  t h e  L i t t l e  Joe 11 
launch vehic les  were consolea and equipment racks used f o r  system cont ro l ;  a i r  condi t ioning f o r  
maintaining motor g r a i n  temperature;  r e a c t i o n  c o n t r o l  system and a t t i t u d e  c o n t r o l  system t e s t i n g  
and serv ic ing  equipment; PII environmental  t e n t ;  handling equipment; and miscellaneous items gen- 
e r a l l y  used f o r  test and checkout. 
t o t a l ,  approximately 70 wre commercial s tandard itens purchased by NASA, and 50 were commercial 
s tandard i t e m s  purchased by the  cont rac tor .  
f o r  the  L i t t l e  Joe I1 program. The launch vehic le  manufacturer furnished s l i n g s  and d o l l i e s  f o r  
handling the  vehic le  a i r f rames  and a l l  components except Algol rocket motors; t h e  rocket  m t o r  
subcontractor  furn ished  a l l  handling equipnent f o r  these  m t o r s .  

There were 248 i t e m s  of  ground support  equipment. Of t h i s  

The remaining items were manufactured s p e c i f i c a l l y  

Vehicle systems v a r i e d  from mission t o  mission; therefore ,  continuous s u r v e i l l a n c e  of ground 
support  equipment was conducted. 
t h e  ground support  equipment performed w e l l .  

Every e f f o r t  was made t o  use a v a i l a b l e  equipment. In genera l ,  

10.1.5.2 Command and s e r v i c e  module.- The coannand and s e r v i c e  module cont rac tor  furnished 
handl ing,  checkout and n e w i c i n g  ground SUpporT equipment. 
cons is ted  of support  8tands,  workstands, l i f t i n g  s l i n g s  and beame, weight and balance equipment. 
and t r a n s p o r t  d o l l i e o .  
landing systems checkout and test equipment, test conductor consoles  in the launch c o n t r o l  cen- 
ter ,  and miscellaneous mnaller article8 f o r  opera t ions  such as b a t t e r y  checkout and wire harness  
c o n t i n u i t y  checks. Servicing equipment (9 u n i t s )  included a b a t t e r y  charger ,  test pressure  units, 
and r e l a t e d  equipment.-In addi t ion ,  the  cont rac tor  furnished miscellaneous auxiliary equipment 
(28 units) such as t o o l  kits and shipping covers.  

The handling equipment (45 u n i t s )  

The checkout equipment (22 units) included t h e  launch escape and e a r t h  
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10.2 EASTERN TEST RANCE/WJNEDY SPACE CENTEX 

10.2.1 Saturn I B  Launch and Checkout F a c i l i t i e s  

AS-101 and AS-10Z were missions i n  which Apollo b o i l e r p l a t e  spacecraf t  =re launched from 
the U.S .  A i r  Force Eastern Test Range in support of spacecraf t  development object ives .  
l t y  requirements f o r  these launches were minimal in t h a t  the  Saturn I B  development was  a l ready 
w e l l  underway and Launch Complex 37 ( f i g .  10-3) had been in use f o r  a considerable length of time 
p r i o r  t o  the AS-100 s e r i e s  of f l i g h t s .  Pre-mate checkout of b o i l e r p l a t e  spacecraf t  13  and 15 was 
accomplished i n  A i r  Force hangar AF, which was  a l s o  used f o r  the launch vehic le  S-IV s t a g e  pre- 
mate checkout. Spacecraft ground support equipment w a s  provided t o  check t h e  sequent ia l ,  pyro- 
technic ,  telecoarmunications, and environmental cont ro l  systems. F l igh t  development instrumenta- 
t i o n  w a s  provided as government furnished equipment and e x i s t i n g  FM/FM ground s t a t i o n s  a t  hangars 
S and D were ava i lab le  f o r  telecommunications recept ion.  

The f a c l l -  

During the period following t h e  b o i l e r p l a t e  f l i g h t s ,  new f a c i l i t i e s  were constructed and ac- 
t iva ted  f o r  the AS-ZOO series of unmanned f l i g h t s  t o  qua l i fy  a l l  spacecraf t  and launch vehic le  
systems f o r  manned f l i g h t s .  
out of the var ious spacecraf t  systems. Checkout included s t a t i c  f i r i n g  of the  reac t ion  cont ro l  
and main propulsion systems. with an eventual mating of modules and a f i n a l  t e s t  i n  a l t i t u d e  
chambers p r i o r  t o  s tacking on the launch vehicle .  Figure 10-4 i s  an art ist 's  conception of t h e  
i n d u s t r i a l  area f a c i l i t i e s .  The following f a c i l i t i e s  e r e  constructed:  a sol id-propel lant  s tor -  
age f a c i l i t y .  a pyrotechnics and parachute i n s t a l l a t i o n  bui lding,  two cryogenic test bui ldings,  
two hypergolic test bui ldings cons is t ing  of two test c e l l s  each, a f l u i d  test support labora- 
t o r i e s  bui lding,  an environmental cont ro l  system test bui lding cons is t ing  of two test c e l l s ,  an 
ordnance test f a c i l i t y ,  an operat ions and checkout bui lding equipped with two a l t i t u d e  chambers 
and numerous integrated test s tands,  and a parachute packing building. 
houses. r e p a i r  and maintenance f a c i l i t i e s .  o f f i c e  space, and a f l i g h t  crew t r a i n i n g  bui lding 
which housed var ious s imulators  and t r a i n e r s  f o r  the  f l i g h t  crew. 
and recrea t iona l  f a c i l i t i e s  were provided f o r  the f l i g h t  crews i n  t h e  operat ions and checkout 
building. S i t e s  and the basic  i n d u s t r i a l  needs (e.g., water and power) were planned f o r  a main 
propulsion s t a t i c  f i r i n g  f a c i l i t y ;  however, f i n a l  construct ion of t h e  complex w a s  not accom- 
plished. Instead,  A i r  Force Launch Complex 16, an obsolete  Ti tan  I launch pad, was equipped t o  
provide s ta t ic  f i r i n g  and hypergolic ground support equipment maintenance capabi l i ty  a t  a con- 
s iderable  program cost  savings. A surplus  water tank was used f o r  environmental protect ion f o r  
the  service modules and ground support equipment during hydros ta t ic  t e s t i n g  of replaced serv ice  
propulsion system tanks and f o r  a s t a t i c  f i r i n g  of t h e  Apollo 7 serv ice  propulsion system before 
launch. 

I n i t i a l  concepts required s p e c i f i c  f a c i l i t i e s  f o r  individual  check- 

Also provided were ware- 

Living quar te rs  and medical 
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10.2.2 Saturn V Launch and Checkout F a c i l i t i e s  

A procedure in which the space vehic le  was assembled and checked out a t  the  launch pad was 
e n t i r e l y  s a t i s f a c t o r y  f o r  the  Saturn IB f l i g h t s .  However, the s i z e  and complexity of the  Saturn 
V vehicle  and the scheduled frequency of f l i g h t s  d ic ta ted  the use of a new mobile launch concept 
wherein the vehicle  w a s  assembled and checked out i n  a protected environment, and t h e  f l i g h t -  
ready vehic le  w a s  t ransported t o  the  launch si te f o r  f i n a l  se rv ic ing  and propel lant  loading. 
Launch Complex 39 ( f i g .  10-3) was constructed t o  car ry  out  the  mobile launch concept. 
plex w a s  located approximately 5 miles north of the  Kennedy Space Center i n d u s t r i a l  area. 

The cm-  

10.2.2.1 Vehicle assembly building.- The Apollo/Saturn V space vehic les  were assembled i n  
The bui lding contains  a high bay area  525 f e e t  high 

With a length of 716 f e e t  and a v i d t h  of 518 f e e t ,  the  build- 
By volume, it is  one of the  l a r g e s t  bui ldings i n  

the vehicle  assembly bui lding ( f i g .  10-5). 
and a low bay area  210 f e e t  high. 
ing  has 343 500 square f e e t  of f l o o r  space. 
exis tence,  containing 129 482 000 cubic f e e t  of space. 

A cutaway view of t h e  i n t e r i o r  of the vehicle  assembly buidl ing,  as configured f o r  t h e  
Apollo program, is shown i n  f igure  10-6. The high and low bay areas ,  serviced by a t r a n s f e r  
a i s l e  f o r  movement of vehic le  s tages ,  formed two d i s t i n c t  operat ional  elements of the  building. 
The high bay area contained four  separate  bays f o r  the assembly and checkout of t h e  Saturn V 
s tages ,  instrument u n i t ,  and Apollo spacecraf t .  Access t o  the  space vehic le  was  provided by 
work platforms i n  each high bay. Each platform was constructed i n  two p a r t s .  The p a r t s  could 
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Figure 10-3.- Kennedy Space Center/Cape Kennedy Air Force Station facilities. , 
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be moved together  and mated, affording 360° access t o  the vehicle .  
mately 442 f e e t  by 274 f e e t ,  contained e ight  s tage  preparat ion and checkout c e l l s  as w e l l  a s  
quar te rs  f o r  f l i g h t  crews and support personnel who were required t o  remain nearby during c r i t i -  
c a l  per iods of assembly and checkout. 

The low bay area ,  approxi- 

Additional a reas  were used f o r  o f f i c e  space and s torage.  

Control rooms f o r  automatic spacecraf t  checkout operat ions were located i n  the operat ions 
and checkout bui lding,  with s t i m u l i  and response s i g n a l s  c a r r i e d  by hardl ine t o  the vehic le  as- 
sembly bui lding and launch pads. 

10.2.2.2 Mobile launchers.- Each space vehic le  undergoing assembly i n s i d e  the vehicle  assem- 
bly bui lding was supported by a mobile launcher ( f i g ,  10-7). The 18 000-square-foot base of the  
launcher l a t e r  served as the launch platform. The base contained holddown arms and masts f o r  
servicing the f i r s t  s tage  of the vehicle .  The base a l s o  housed computer systems, d i g i t a l l y  con- 
t r o l l e d  equipment f o r  propel lant  and pneumatic l i n e s ,  and e l e c t r i c a l  power and water systems. 
A 45-foot square opening w a s  b u i l t  i n t o  the base f o r  rocket exhaust a t  l i f t - o f f .  

Permanently posi t ioned on the base of the  mobile launcher was a 380-foot-high launch umbil- 
i c a l  tower t h a t  provided support f o r  nine swing arns f o r  d i r e c t  access t o  the vehicle .  The tower 
a l s o  contained 17 work platforms and d i s t r i b u t i o n  equipment f o r  propel lan t ,  pneumatic, e l e c t r i c a l  
and instrumentation systems. 
Ebunted on top of the tower w a s  a 25-ton-capacity crane. 
umbilical tower was 445 f e e t .  

Two high-speed e leva tors  afforded access t o  the  work platforms. 
The height of the  combined base and 

10.2.2.3 Launch s i t e s . -  Two launch pads were constructed a t  Launch Complex 39. The f a c i l -  
i ties t h a t  comprised pad A a r e  shown in f igure  10-8. The mobile launcher, with the f l ight-ready 
space vehic le  ugunted on i t ,  was secured t o  s i x  munt ing  mechanisms located on the  concrete  sur-  
face of the  pad. 
cluded l i q u i d  oxygen and hydrogen serv ice  towers, a f u e l  system serv ice  tower, and an e l e c t r i c a l  
power pedestal. 

Other f ixed components t o  serv ice  and e f f e c t  launch of the  space vehic le  in- 

A steel-reinforced concrete enclosure, covered w i t h  a s  much as 20 f e e t  of e a r t h  f i l l ,  housed 
e lec t ronic  equipment which was p a r t  of the  communications l i n k  between the  mobile launcher and the  
launch cont ro l  center .  Similar enclosures  housed a terminal connection room, an environmental 
control  systems room, a high pressure gaS storage room and an emergency egress  room. 
near the perimeter of the  pads were kerosene, l i q u i d  oxygen, and l i q u i d  hydrogen s torage f a c i l -  
i t i es ,  and a remote a i r  intake f a c i l i t y .  
water and a burn pond f o r  disposal  of hydrogen gas  boi lof f  were a l s o  located within the launch 
site area. 

Located 

Holding ponds f o r  re ten t ion  of f u e l  s p i l l  and waste 

A flame trench p a r t i a l l y  bisected each pad. Pr ior  t o  launch a 700-ton wedge-shaped flame 
def lec tor ,  was moved by r a i l  i n t o  the  flame t rench and posi t ioned d i r e c t l y  beneath the space ve- 
hicle so t h a t  i t  would d e f l e c t  the  flames and channel the  exhaust along the flame trench. 
d i s s i p a t e  flames and minimize damage to the  pad, a water deluge system was ava i lab le  which could 
pump 40 000 gal lons of water a minute i n t o  the  flame trench. 

To 

10.2.2.4 Mobile se rv ice  s t ruc ture . -  The m b i l e  se rv ice  s t r u c t u r e  ( f i g .  10-9) w a s  a steel 
t russed tower t h a t  w a s  positioned adjacent  to  the space vehicle  on the  launch pad t o  provide ac- 
cess f o r  connecting c e r t a i n  ordnance items, performing checkout funct ions,  se rv ic ing  spacecraf t  
8ystems, and fue l ing  the spacecraf t .  The s t r u c t u r e  had f i v e  work platforms which closed around 
the space vehicle .  
r a i n i n g  three  could be reposi t ioned but  were not self-powered. Two e leva tors  provided access 
to the work platforms. 
room, an operat ions support room, and areas  f o r  equipment s torage.  
10 500 000 pounds and was  410 f e e t  i n  height .  

Two platforms were self-powered f o r  posi t ioning a t  the desired l e v e l s ;  the 

Located i n  the base port ion of t h e  s t r u c t u r e  were a mechanical equipment 
The s t r u c t u r e  weighed 

10.2.2.5 
and the mobile se rv ice  s t ruc tures .  
assembly bui lding.  
-bi le  launcher and vehic le  (a  load of uore than 11 mil l ion  pounds) approximately 3 1 / 2  miles  
wer a apec ia l ly  constructed crawlervay t o  one of the  launch sites ( f i g .  10-7). 
the load was  m i n t a i n e d  within 1 0  minutes of arc  from v e r t i c a l ,  even while t h e  t ranspor te r  

Transporter.- Two t ranspor te r  u n i t s  were manufactured t o  m v e  t h e  mobile launchers 
F i r s t ,  a t ranspor te r  mved a mobile launcher In to  the  vehic le  

On completion o f  vehicle  assembly, a t ranspor te r  was again used t o  move the  

During t h e  t r i p ,  

i 
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Figure 10-7.- Mobile launcher and space vehicle being transported t o  launch paa. 
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climbed a 5 percent  grade t o  the  launch pad, 
equipped with both automatic  and manual l e v e l i n g  devices .  Af te r  depos i t ing  the  mobile launcher 
and space vehic le  on t h e  pad, the t r a n s p o r t e r  moved the mobile s e r v i c e  s t r u c t u r e  from Its park- 
i n g  area t o  the  launch pad. 
ing  a rea  before  launch. 

In order  t o  accomplish t h i s ,  t h e  t r a n s p o r t e r  was 

F i n a l l y ,  the  t r a n s p o r t e r  re turned t h e  s e r v i c e  s t r u c t u r e  t o  the  park- 

The t r a n s p o r t e r  was 131 f e e t  long, 114 f e e t  wide, and weighed 6 mi l l ion  pounds. It had a 
load capac i ty  of 12 m i l l i o n  pounds and, when loaded, had a maximum speed of 1 mile per  hour. 
The v e h i c l e  moved on four  double-tracked crawlers ,  each 10 f e e t  high and 40 f e e t  long. Each 
shoe on a crawler  t r a c k  weighed approximately 2000 pounds. 

Motive power w a s  provided by two 1750-horsepower d e i s e l  engines t h a t  drove four  1000-kilowatt 
generators .  The genera tors ,  i n  t u r n ,  powered 16 t r a c t i o n  motors. Power f o r  s t e e r i n g ,  v e n t i l a -  
t i o n  and e l e c t r i c a l  systems w a s  provided by two 1065-horsepower d e i s e l  engines  t h a t  d r i v e  two 
750-kilowatt  generators .  
and lowered t h e  load.  

The smaller engines  a l s o  powered a hydraul ic  jack ing  system t h a t  r a i s e d  

10.2.2.6 Launch c o n t r o l  center . -  F i n a l  countdown and launch were cont ro l led  from a four- 
s t o r y  bui ld ing  loca ted  j u s t  east of t h e  v e h i c l e  assembly bui ld ing .  
a l s o  used i n  conducting many of the checkout and test opera t ions  required during space v e h i c l e  
assembly. F a c i l i t i e s  f o r  var ious s e r v i c e  and support  funct ions are loca ted  on the  ground f l o o r .  
The second f l o o r  conta ins  te lemetry,  rad io ,  t rack ing ,  instrumentat ion,  d a t a  reduct ion and evalu- 
a t i o n  equipment. The t h i r d  f l o o r  has  four  f i r i n g  rooms which conta in  monitors and c o n t r o l  con- 
s o l e s .  One of these  rooms is shown i n  f i g u r e  10-10. The f o u r t h  f l o o r  has  pro jec t ion  screens  
f o r  d i s p l a y  of  launch s i te  information and conference rooms. 

The launch c o n t r o l  c e n t e r  was 

10.2.3 Vehicle Checkout Operations 

Prelaunch checkout of the  Apollo spacecraf t  and launch v e h i c l e s  a t  t h e  Kennedy Space Center 
underwent a number of v a r i a t i o n s  from the  r e l a t i v e l y  simple flow of opera t ions  f o r  the  boi le r -  
p l a t e  f l i g h t s  to the  more complex flow f o r  the  s o p h i s t i c a t e d  J-mlseions. The fol lowing descr ip-  
t i o n  a p p l i e s  t o  t h e  f i n a l  missions. The flows f o r  the  launch v e h i c l e ,  t h e  lunar  module, and the  
comand and s e r v i c e  module are descr ibed s e p a r a t e l y  up t o  the  poin t  where the  v e h i c l e s  were mated 
and moved t o  t h e  launch pad. 
t ire stack.  

The d e s c r i p t i o n  of t h e  launch pad opera t ions  p e r t a i n s  t o  the  en- 

10.2.3.1 Launch vehicle . -  The i n i t i a l  assembly and checkout a c t i v i t i e s  of  t h e  launch ve- 
h i c l e  were accomplished in two major areas of  the vehic le  assenbly bui ld ing ,  t h e  high bay a r e a  
and the low bay area. The low bay area a c t i v i t i e s  included r e c e i p t  and inspec t ion  of t h e  S-I1 
s t a g e ,  S-IVB s t a g e  and t h e  instrument u n i t ,  and the  assembly and checkout of  the  S-I1 and S-IVB 
s tages .  An i n s u l a t i o n  l e a k  check, 5-2 engine leak check and propel lan t  l e v e l  probe e l e c t r i c a l  
checks were performed on the  S-I1 s tage .  
systems test, and propel lan t  l e v e l  sensor  electrical checks were made on t h e  S-IVB s tage .  

A f u e l  tank inspec t ion ,  engine leak  test, hydraul ic  

In t h e  high bay area, the S-IC s t a g e  was posi t ioned and secured t o  t h e  mobile launcher ,  ac- 
cess platforms were i n s t a l l e d  and umbil icals  were secured. 
then made followed by pneumatic, f u e l ,  and engine l e a k  checks,  and instrumentat ion and range 
s a f e t y  system checks. 
instrument  u n i t  were added. As each s t a g e  w a s  mated, e l e c t r i c a l  c o n t i n u i t y  and system tests 
-re performed. 
were accomplished. 
tection system checks were made. 
to  m v e  t o  the launch pad. 

E l e c t r i c a l  c o n t i n u i t y  checks were 

The  S-I1 s t a g e  w a s  then mated t o  t h e  S-IC s tage ,  and t h e  S-IVB s t a g e  and 

Following completion of the  s tage  systems tests, launch v e h i c l e  i n t e g r a t e d  tests 
Vehicle aeparat ion,  f l i g h t  cocrmands. sequence malfunction, and emergency de- 

The Spacecraf t  w a s  t h e n - e z d  and t-he space v e h i c l e  w a s  ready 
-- -- - 

10.2.3.2 Lunar module.- The lunar  d u l e  was received a t  t h e  Kennedy Space Center i n  two 
major subassemblies,  the ascent s t a g e  and the descent  s tage.  
age on arrival. 
and a b o r t  seneor  assembly were received and inspected.  The rendezvous r a d a r  w a s  then s e n t  t o  
the radio-frequency test f a c i l i t y  f o r  checkout,  and the  abor t  sensor  assembly WBB s e n t  t o  t h e  
s t a b i l i t y  and c o n t r o l  labora tory  f o r  c a l i b r a t i o n .  

The s t a g e s  were inspected f o r  dam- 
In  p a r a l l e l ,  the landing gear ,  explosive devices ,  b a t t e r i e s ,  rendezvous radar ,  

. 
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The ascent  s tage  was posi t ioned on the ascent  s tage work stand and, s i m i l a r l y ,  the descent 
s tage  was posi t ioned on the descent s tage  work s tand.  Propulsion and reac t ion  c o n t r o l  system 
gas leak and func t iona l  tests were then performed on the two s tages .  Upon completion of these 
tests, the descent s tage  was placed in the a l t i t u d e  chamber and the  ascent  s tage  underwent an 
S-band s t e e r a b l e  antenna func t iona l  test. The ascent  s tage  w a s  then inver ted  f o r  a mechanical 
docking test conducted i n  conjunction with the command and serv ice  module. The ascent  and de- 
scent  s tages  were then mated i n  the a l t i t u d e  chamber i n  preparat ion f o r  combined systems tests 
a t  sea-level pressure  and a l t i t u d e  tests. 
assembly was i n s t a l l e d  i n  the spacecraf t ,  a f t e r  which crew provis ions stowage checks were con- 
ducted on both the ascent  and descent s tages .  
were then performed a t  sea- level  pressure,  the gaseous oxygen and water management system tanks 
were serv iced ,  and systems t o  be operated during the a l t i t u d e  tests were v e r i f i e d .  

Following combined systems tests, t h e  abor t  sensor  

Environmental cont ro l  system funct iona l  t e s t s  

A simulated a l t i t u d e  test run was  conducted with a f u l l y  stowed cabin using both the  prime 
and backup crews. 
environmental cont ro l  system funct ions.  
ducted with the prime and backup crews. 
b e r  run (run 4) was made f o r  systems drying. 
crew provis ions,  the  lunar  roving vehic le ,  and experiment items were stowed and deployed by the 
f l i g h t  crew. 
moved t o  the  landing gear f i x t u r e  f o r  landing gear i n s t a l l a t i o n  and t e s t i n g .  
m d u l e  with the  landing gear r e t r a c t e d  w a s  then i n s t a l l e d  i n  the  lower sec t ion  of the s p a c e c r a f t /  
lunar  module adapter .  

An unmanned a l t i t u d e  t e s t  (run 1) was conducted t o  v e r i f y  cabin i n t e g r i t y  and 
Two manned a l t i t u d e  tests (runs 2 and 3) were then con- 
Af te r  a l t i t u d e  chamber deservicing,  an a d d i t i o n a l  cham- 

Following the  a l t i t u d e  tests, a l l  descent s tage  

The lunar  roving vehic le  was then i n s t a l l e d  f o r  f l i g h t  and the lunar  module was 
The mated lunar  

10.2.3.3 Command and s e r v i c e  module.- The comnand and serv ice  module was received a t  KSC 
i n  four ua jor  subassembliee: the launch escape system, the  spacecraf t / lunar  module adapter ,  the 
serOice module. and the comnand module. The subassenbl ies  underwent the  following operat ions:  ’ 

a. Launch escape system. The launch escape system components were inspected and taken t o  
the pyrotechnics i n s t a l l a t i o n  bui lding f o r  assembly, w i g h t  and balance measurements, and t h r u s t  
vec tor  alignment, 
nmted t o  the command module j u s t  p r i o r  t o  moving the space vehic le  t o  the launch pad. 

The subassembly w a s  then t ransfer red  t o  the vehic le  assembly bui ld ing  and 

b. Spa:ecraft/lunar module adapter .  The adapter  was  inspected and de l ivered  t o  the  opera- 
t i o n s  and checkout bui lding in tegra ted  test stand where the  upper s e c t i o n  of  the  adapter  was re-  
moved in preparat ion f o r  i n s t a l l a t i o n  of the  lunar  module. 
gear  (sec. 10.2.3.2), the  lunar  module was i n s t a l l e d  i n  the  lower sec t ion  of the adapter  and 
alignment w a s  o p t i c a l l y  v e r i f i e d .  
t e r i o r  work platforms were added fo r  later operat ions.  

Af te r  the i n s t a l l a t i o n  of the  landing 

The upper s e c t i o n  of t h e  adapter  was  then r e i n s t a l l e d  and in-  

c. Comnand and s e r v i c e  modules. Upon de l ivery  of the conrmand and service modules t o  the 
opera t ions  and checkout bui lding,  the cournand module heat  s h i e l d  was inspected,  and the two 
spacecraf t  modules were moved t o  the a l t i t u d e  chamber and mated. 
s i d e  hatch func t iona l  t e s t  were then performed, umbil ical  buildup was  accomplished, the envlron- 
mental c o n t r o l  system w a s  connected and checked f o r  leaks, and t h e  connnand and service modules 
were e l e c t r i c a l l y  mated. 
t i c a l  alignment s i g h t  and t h e  lunar  nodule a c t i v e  docking t a r g e t .  
was then inver ted  over the top of the  mated c o m n d  and serv ice  modules (sec. 10.2.3.2) and a 
mechanical docking test was performed. This was followed by a l eak  test and func t iona l  test of 
the  s c i e n t i f i c  instrument module door t h r u s t e r  system. The s c i e n t i f i c  experiments were then 
i n s t a l l e d  and a combined systems t e a t  was performed during vhich the experiments vere function- 
a l l y  v e r i f i e d  and se lec ted  spacecraf t  i n t e r f a c e s  and systems were checked out .  

A rece iv ing  inspec t ion  and 

A cabin leak  test w a s  conducted followed by alignment of the  crew op- 
The lunar  module ascent  s t a g e  

~- - 

A simulated a l t i t u d e  test was perfonned in preparat ion f o r  manned a l t i t u d e  t e s t i n g .  
comnand and s e r v i c e  modules were then serviced and an unmanned and two manned a l t i t u d e  tests 
were performed (one wi th  the  prime crew and one with the  backup crew). 
manned a l t i t u d e  t e s t i n g  included t r a n s f e r r i n g  inertial measurement u n i t  power t o  ground support 
equipment, d ra in ing  and drying the environmental cont ro l  system water system, performing an open- 
loop communications test, performing o s e r v i c e  propulsion system b a l l  valve leak  test, removing 
stowed equipment, performing a post-egress inspect ion,  and powering down the  spacecraf t .  The 
mated conanand and serv ice  uodules were then t ransfer red  t o  a work stand f o r  i n s t a l l a t i o n  and l e a k  
check of the  s e r v i c e  propulsion system engine nozzle extension, and i n s t a l l a t i o n  and checkout of 
t h e  high ga in  antenna. 

The 

Operations fol lowing t h e  

Af te r  antenna checkout, the command and service modules were moved t o  

+ - 
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the  in tegra ted  test s tand and mated t o  the  spacecraf t / lunar  module adapter .  Ordnance items (ex- 
cept f o r  detonators)  were then i n s t a l l e d .  Upon completion of the ordnance i n s t a l l a t i o n ,  t h e  
work platforms w e r e  removed and the  assembled spacecraf t  was t ransfer red  t o  the v e h i c l e  assembly 
bui lding.  While a t  the vehic le  assembly bui lding,  t h e  spacecraf t  was mechanically mated t o  the 
launch vehic le  and the launch escape system and hard boost p r o t e c t i v e  cover were I n s t a l l e d .  The 
complete space vehic le  and w b i l e  launcher were then t ransported t o  the  launch pad. 

10.2.3.4 Launch pad operations.- Upon a r r i v a l  of t h e  space vehic le  and mobile launcher a t  
the launch pad, the  mobile s e r v i c e  s t r u c t u r e  was posi t ioned adjacent  t o  t h e  space vehic le ,  ground 
support equipment was connected, and the  white roon was posi t ioned around the command module. 
An in tegra ted  systems test was performed using a launch vehic le  s imulator  t o  v a l i d a t e  comnand 
and s e r v i c e  module systems and v e r i f y  ground support equipment i n t e r f a c e s .  In  p a r a l l e l ,  a com- 
bined systems test was performed on the lunar  module to func t iona l ly  v e r i f y  t h e  e l e c t r o n i c  sys- 
tems, and leak  and func t iona l  tests of t h e  gas subsystems were accomplished. Following these  
tests, a systems i n t e r f a c e  test was performed t o  v e r i f y  t h e  e l e c t r i c a l  i n t e r f a c e  between the com- 
mand and s e r v i c e  module and the  lunar  module. The spacecraf t  w a s  then e l e c t r i c a l l y  mated t o  the 
launch vehic le  and two space vehic le  o v e r a l l  t e s t s  were performed. 
t o  v e r i f y  rad io  frequency, ordnance, pressur iza t ion ,  propuls ion,  guidance and c o n t r o l ,  propel- 
l a n t ,  and emergency de tec t ion  systems. 
t i o n  of a l l  systems during an automatic f i r i n g  and f l i g h t  sequences. 

A "plugs out"  test w a s  made 

A "plugs in" test was performed t o  v e r i f y  proper opera- 

A f l i g h t  readiness  test with simulated abor t s  and normal mission sequences was performed 
followed by crew emergency egress  p r a c t i c e  and a cabin leak  test. A test w a s  then conducted t o  
v e r i f y  hypergolic propel lant  systems readiness ,  and hypergol ics  were loaded i n  preparat ion f o r  a 
countdown demonstration test. The countdown demonstration test v e r i f i e d  t h a t  the space vehic le  
and t h e  ground support equipment were i n  launch s t a t u s .  
wet and dry. I n  the vet port ion of the test, the launch vehic le  propel lan ts  were on board, the 
spacecraf t  was unmanned, and the vehic le  was counted down t o  T minus zero.  Af te r  recyc l ing  the  
space vehic le  t o  a dry condi t ion (propel lan ts  drained) ,  the  last hours of countdown were simu- 
l a t e d  with the crew on board. 

The test was performed i n  two s t a g e s ,  

Following the  countdown demonstration test, preparat ions were s t a r t e d  f o r  the a c t u a l  count- 
down. The countdown began approximately 4 days before  the  launch readiness  day, and the f i n a l  
space vehic le  checkout and serv ic ing  operat ions were performed. The f i n a l  phase of the  count- 
down s t a r t e d  approximately 9 hours p r i o r  t o  l i f t - o f f .  During the f i n a l  phase, the cryogenics 
were loaded, conditioned, and pressurized;  f i n a l  checks were made on a l l  systems; the propulsion 
systems were serviced and prepared f o r  launch; and the  crew manned the couunand w d u l e .  Auto- 
matic sequencing s t a r t e d  a t  T minus 187 seconds. The s-IC s tage  i g n i t i o n  command was given a t  
T minus 8.9 seconds and, a t  T minus zero,  the launch c o w i t  was given which caused the holddown 
arms t o  r e t r a c t  hydraul ica l ly .  The holddown a m  r e s t r a i n e d  t h e  launch vehic le  u n t i l  a s a t i s -  
f a c t o r y  t h r u s t  l e v e l  was  achieved, a f t e r  which the cont ro l led  release assemblies provided f o r  
gradual  re lease  of the vehicle  during l i f t - o f f .  

I 





11-1 

11.0 LUNAR RECEIVING LABORATORY 

11.1 INTRODUCTION 

c 

0 

. - 

The Lunar Receiving Laboratory was o r i g i n a l l y  conceived and constructed t o  provide r i g i d  
quarantine condi t ions f o r  members of  the  Apollo f l i g h t  crews, Apollo command modules, and re- 
turned lunar  samples. The f a c i l i t y  was operated in t h i s  capaci ty  f o r  the  Apollo 11, 12,  and 14 
missions. Although the quarantine requirement was subsequently re laxed,  t h e  f a c i l i t y  continued 
t o  operate  i n  f u l l  support of the  returned sample program. 
of the laboratory a c t i v i t i e s ,  involved the  processing, examination, preliminary ana lys i s ,  and 
d i s t r i b u t i o n  of lunar  material. 
f o r  quarantine support i n  June 1969. 
commenced operat ions in support of the  Apollo 11 mission. 

T h i s  e f f o r t ,  uhich formed the bulk 

The laboratory w a s  occupied in 1967 and w a s  c e r t i f i e d  as ready 
I n  the f0110Wing m n t h ,  the Lunar Receiving Laboratory 

11.2 ORIGINAL CONCEPT 

A spec ia l  subcommittee of the Space Sciences Board, National Academy of Sciences, was con- 
vened in 1964 to  consider the p o t e n t i a l  ramif icat ions of working with material, personnel, and 
equipment returned from the  lunar  surface.  
s t r u c t e d  f o r  the following purposes: 

The subcorni t tee  recommended t h a t  a f a c i l i t y  be con- 

a .  Quarantining returning Apollo crewmembers, equipment, and lunar samples f o r  a specif ied 
period 

b. Conducting s p e c i f i c  biomedical evaluat ions of lunar  samples while i s o l a t e d  t o  determine 
whether any lunar  sample contained hazardously r e p l i c a t i n g  micro-organisms 

c. Conducting t ime-cr i t ica l  physical  science inves t iga t ions  of lunar  samples while i s o l a t e d  
during the  quarantine period 

I 

d.  Control l ing,  processing, and preparing lunar  samples and d i s t r i b u t i n g  samples t o  desig- 
nated pr inc ipa l  inves t iga tors  f o r  s c i e n t i f i c  ana lys i s  

e. Providing a reposi tory and c u r a t o r i a l  f a c i l i t y  f o r  a l l  re ta ined lunar  samples 

The Lunar Receiving Laboratory was designed and constructed in response t o  t h i s  recornendation. 

11.3 FACILITIES 

The Lunar  Receiving Laboratory was designed t o  provide the  funct ional  a reas  i l l u s t r a t e d  i n  
f i g u r e  11-1. The adminis t ra t ive andnoniso la ted  support areas were separated from the i s o l a t e d  
operat ions a reas  by a b io logica l  b a r r i e r  tha t  was ac t iva ted  during spec i f ied  quarantine periods. 
Each operat ional  un i t  behind t h i s  b a r r i e r ,  8s shown in t h e  f igure ,  represented a unique par t  of 
the  f a c i l i t y .  

11.3.1 C r e w  Reception Area 

The returning crewmen who had been exposed t o  lunar  material and a l s o  t o  poten t ia l ly  haz- 
ardous lunar  b io logica l  elements were quarantined f o r  a period of approximately 2 1  days, begin- 
ning a t  departure from the  moon. The crew recept ion area not only provided t h e  f a c i l i t i e s  f o r  
sustenance and comfort of the f l i g h t  crews and support personnel during the quarantine per iod,  
but a l s o  provided the capabi l i ty  t o  house other  personnel who might have become exposed t o  haz- 
ardous b io logica l  elements i n  the sample laboratory.  The area contained complete l i v i n g  f a c i l -  
i t i es ,  a recrea t iona l  area, a medical f a c i l i t y ,  and an i s o l a t e d  interview room. This  e n t i r e  
system was separated from other  areas of the laboratory complex and t h e  ambient environment by 
primary and secondary b io logica l  b a r r i e r s .  Since the  i n t e r i o r  of the comand m d u l e  could a l s o  
have been contaminated, the  spacecraf t  was  sealed and s tored in t h e  crew reception a rea  f o r  the 
durat ion of the  quarantine period. 
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11.3.2 Sample Operations Area 

The lunar  sample containers  were opened and sample examinations were conducted behind a two- 
way b io logica l  b a r r i e r  system composed of gas-tight glove cabine ts  and vacuum chambers. 
handling and containment system was unique in t h a t  conventional containment units a r e  designed 
t o  prevent contamination in only one d i rec t ion .  The two-way system was designed t o  pro tec t  lab- 
ora tory  s c i e n t i s t s  and technicians from contact  with lunar  material while pro tec t ing  the  samples 
from terrestrial contamination. 

This 

The immediate operat ions performed on returned lunar  samples i n  the  sample operat ions a rea  
included s t e r i l i z a t i o n  of the e x t e r i o r  of sample conta iners ,  opening and unpacking of t h e  con- 
t a i n e r s  in a near vacuum, sampling of e f f l u e n t  gases, visual examination and photography of t h e  
samples, d iv is ion  of samples, and preparat ion of port ions of the  samples f o r  d e t a i l e d  physical- 
chemical and b io logica l  examinations. The requirement f o r  a vacuum system was later withdrawn, 
a f t e r  which a dry ni t rogen system was used. 

The physical-chemical examination included tests f o r  reac t ions  with atmospheric gases and 

Examinations of t h i s  kind and of a b io logica l  nature  were performed i n  grea te r  
water vapor, and preliminary examination of the  mineralogy, petrography, and chemistry of t h e  
lunar  samples. 
d e t a i l  by o ther  labora tor ies  a f t e r  the  quarantine period. 

Lunar samples were used f o r  the following kinds of b io logica l  examinations: aerobic  and an- 
aerobic  cu l tur ing;  inoculat ion of p lan ts ,  eggs, t i s s u e  cu l tures .  inver tebra tes ,  and ver tebra tes  
(normal and germ f r e e ) ;  and biochemical analysis .  

11.3.3 Radiation Counting Laboratory 

A rad ia t ion  counting labora tory  ( f i g .  11-2) was  included in t h e  Lunar Receiving Laboratory 
because some of the  induced r a d i o a c t i v i t y  of lunar  samples  would decay i n  less t i m e  than t h e  
quarant ine period. 

11.3.4 Thin Section Laboratory 

A t h i n  sec t ion  laboratory w a s  included i n  the Lunar Receiving Laboratory t o  f a c i l i t a t e  pro- 
This provided the  capa- duct ion of  petrographic t h i n  sec t ions  of lunar  s o i l  and rock fragments. 

b i l i t y  t o  study i n  d e t a i l  the c r y s t a l  s t r u c t u r e s  of many samples i n  a timely manner. 

11.4 OPERATIONS 

11.4.1 Preliminary Processing and Examination 

Closely guarded quarantine cont ro l  procedures =re used f o r  t h e  preliminary processing and 

Included a r e  operat ions t h a t  were 

Quarantine was  not required f o r  the  Apollo 15. 16, and 17 missions because examination 

examination of t h e  lunar  mater ia l  re turned during the  Apollo 11, 1 2 ,  and 14 missions. 
11-3 i l l u s t r a t e s  lunar  sample processing f o r  these missions. 
accomplished under quarant ine condi t ions and t h e  inves t iga t ions  t h a t  came a f t e r  quarantine w a s  
l i f t e d .  
of samples during the  e a r l y  missions had shown a complete absence of pathogenic substances. 

Figure 

The sample laboratory and the vacuum laboratory,  loca ted  i n  the  sample operat ions area, 
were the primary loca t ions  f o r  i n i t i a l  sample processing. 
ing the  processing of the Apollo 11 and 12 samples. 
processed in two s t e r i l i z e d  cabinet  systems. The vacuum system and, la ter ,  the  other  cabinet  
system served pr imari ly  as a receiving point  from which t h e  lunar  samples were d i s t r i b u t e d  t o  
o ther  por t ions  of the Lunar Receiving Laboratory and eventually t o  the  s c i e n t i f i c  community. 
A l l  of the  i n i t i a l  processing occurred i n  the same two cabinet  systems on Apollo missions 15,  
16 and 1 7  without s t e r i l i z a t i o n  of the cabinets .  

The vacuum sys tem was used only dur- 
Af te r  Apollo 14, the  samples were i n i t i a l l y  
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Figure 11-2. - Radiation counting laboratory. 
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The processing which occurred in these systems included: 

a. Unpacking samples from the  r e t u r n  containers  

b. Weighing 

c .  Photography (orthogonal and s tereoscopic)  

d. Sieving f i n e s  

e. Dusting rocks 

f .  Microscopic examination 

g. Modeling (rocks) 

h. Determining lunar  o r i e n t a t i o n  

1. I n i t i a l  a l l o c a t i o n ,  including some chipping. 

When t h e  quarantine requirements were discontinued a f t e r  Apollo 14 ,  the  complexity of lab- 
ora tory  operat ions decreased considerably. 
had been found, c e r t a i n  tests were continued as a safeguard. 
operations were conducted in ni t rogen cabinetry instead of the  vacuum system s ince  only the ex- 
posure of the  lunar  material t o  terrestrial contaminants w a s  of primary i n t e r e s t .  

Although no lunar-derived b io logica l  contaminants 
A l l  subsequent sample processing 

11.4.2 Sample Processing 

Although lunar samples were cataloged, photographed, and described i n  the preliminary opera- 
t i o n s  phase, such a c t i v i t y  was only the  beginning of  t h e  s c i e n t i f i c  work. A port ion of the  sam- 
ples  from each mission was se lec ted  by a Lunar Sample Analysis Planning Team composed of eminent 
members of the s c i e n t i f i c  comunity.  This team transmit ted an a l l o c a t i o n  plan t o  t h e  lunar  sam- 
p l e  cura tor ,  who then implemented the sect ioning and packaging of samples. 
work required, reference is made t o  sample 12021, which is sample 21 from Apollo 1 2 .  
11-4 shows sample 12021 on the  s lab  saw i n  the beginning s tages  of sect ioning.  
e ra t ion ,  a de ta i led  c u t t i n g  plan w a e  prepared with reference t o  spec i f ied  a l l o c a t i o n  requirements. 
The c u t t i n g  plan began with the i n s t r u c t i o n ,  "Separate from l a r g e  end, by chipping, a l l  pieces  
which can be removed by taking advantage of the numerous e x i s t i n g  f r a c t u r e s  ... make the i n i t i a l  
cu t  with a c i r c u l a r  saw such t h a t  the  thickness of the r e s u l t i n g  s l i c e  is about 1.5 centimeters." 
Figure 11-5 i l l u s t r a t e s  the two "daughter" samples produced. 
cise documentation d e t a i l  which follows t h e  sec t ion ing  of a lunar  rock. 
with laboratory test results, formed da ta  packages t h a t  were indiv idua l ly  prepared f o r  the sam- 
p l e s  d i s t r i b u t e d  t o  se lec ted  s c i e n t i s t s .  
m m  amount of sample cons is ten t  with t h e i r  intended research,  and t h e  de ta i led  drawings were nec- 
essary t o  i d e n t i f y  prec ise ly  the  p a r t i c u l a r  port ion of rock a l loca ted  f o r  t h e i r  study. 

To i l l u s t r a t e  the 
Figure 

Before t h i s  op- 

Figure 11-6 i l l u s t r a t e s  the  pre- 
Such drawings, together  

These pr inc ipa l  inves t iga tors  were a l loca ted  the mini- 

A Preliminary Examination Team, consis t ing of between 20 and 40 s c i e n t i s t s .  was assigned 
The team was made up of NASA sc i -  

The v i s i t o r s  represented both 
The descr ip t ions  of the samples are documented in repor t s  published 

t h e  r e s p o n s i b i l i t y  of  descr ibing the returned lunar  samples. 
e n t i s t s  and v i s i t o r s  who represented the s c i e n t i f i c  comunity.  
u n i v e r s i t i e s  and agencies. 
i n  t h e  per iodica l  Science. i n  the Preliminary Science Reports (NASA SP s e r i e s ) ,  and in an infor-  
m a l  publ ica t ion  of t h e  lunar  sample c u r a t o r ' e  of f ice .  

11.4.3 Gas Analysis 

The funct ions of the gas ana lys i s  laboratory,  located in t h e  sample operat ions area, are 
broadly grouped i n t o  mission-support and mission-related a c t i v i t i e s .  
representa t ion  of t h i s  laboratory aa i t  ex is ted  during the Apollo program. 

Figure 11-7 is a schematic 

. 
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Figure 11-5.- Plan for cutting lunar sample 12021. 



c 

11-9 

here 

,108 (? 1 

0 Slice 82, 52 before cut 

Figure 11-6. - Documentation of slice B, lunar sample 12021, after cutting. 
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Mission-support a c t i v i t i e s  were those operat ions carried out  during the  prel iminary examin- 
a t i o n  phase of the program and included: 

a .  Organic contamination monitoring 

b. Inorganic trace-gas contamination m n i t o r i n g  

c. 

d. 

e. 

f .  Preliminary analyses  of noble gases i n  lunar  samples 

g.  Determination of rad ioac t ive  gases i n  lunar  samples in conjunction with r a d i a t i o n  count- 

Preliminary analyses  of organic  materials i n  lunar samples 

Preliminary analyses  of t o t a l  carbon content  of  l u n a r  samples 

Analyses of t r a c e  gases and rad ioac t ive  gases i n  sealed-sample conta iners  

ing a c t i v i t i e s  

11.4.4 Radiation Counting 

The r a d i a t i o n  counting labora tory  was used t o  measure the  emitted r a d i a t i o n  from lunar  sam- 
p l e s  through gamma-ray spectrometry. T h i s  f a c i l i t y  provided the  Lunar Receiving Laboratory with 
the  c a p a b i l i t y  t o  perform nondestruct ive ana lys i s  of lunar  samples during the quarant ine per iod 
and before  the short- l ived nucl ides  could s i g n i f i c a n t l y  decay. The lunar  samples se lec ted  f o r  
r a d i a t i o n  counting were packaged in s t a i n l e s s  steel vacuum-tight conta iners .  Several samples 
t h a t  weighed between 200 and 2000 grams were counted i n  t h i s  labora tory  during the  preliminary 
examination. 
l o g i c a l  types were represented.  

The samples se lec ted  f o r  ana lys i s  were purposely var ied  so that a l l ,  o r  most, geo- 

11.4.5 Biological  Test ing 

Por t ions  of the returned lunar  samples were d i s t r i b u t e d  t o  the b i o l o g i c a l  test l a b o r a t o r i e s  
located i n  the sample operat ions a rea .  The personnel i n  these l a b o r a t o r i e s ,  under quarant ine 
condi t ions and using extensive t e s t  procedures, determined whether the  returned samples contained 
detr imental  a l i e n  life-forms. A l l  b io logica l  t e s t i n g  w a s  performed within s p e c i a l  b io logica l  
cabinetry designed t o  contain extremely hazardous pathogenic mater ia l .  The Lunar Receiving Lab- 
ora tory  is the  only f a c i l i t y  i n  t h e  world capable of handling a l a r g e  v a r i e t y  of p lan t  and animal 
t e s t  subjec ts  under such containment condi t ions.  D e t a i l s  of the b i o l o g i c a l  tests conducted dur- 
ing  the program a r e  given i n  sec t ion  8.7. 

11.5 AETER MOLL0 

The Lunar Receiving Laboratory w a s  closed t o  lunar  sample handling when t h e  Apollo 1 7  pre- 
l iminary examination phase was concluded. 
each lunar  landing mission was a l loca ted  f o r  research.  b s t  of  the  lunar  material i s  being con- 
served i n t a c t ,  under ni t rogen s torage  condi t ions,  f o r  f u t u r e  s t u d i e s  when s c i e n t i f i c  measurement 
technology is  expected t o  f a r  surpass  present  c a p a b i l i t i e s .  
and packaging a c t i v i t i e s  have been t ransfer red  t o  the o f f i c e  of the lunar  sample cura tor .  
though p r i o r i t i e s  change with science and technology, t h e  Lunar Receiving Laboratory w i l l  remain 
i n  h i s t o r y  as the  f i r s t  f a c i l i t y  designed s o l e l y  f o r  the  containment of e x t r a t e r r e s t r i a l  material. 

Only a small port ion of the material returned from 

A l l  sample d i s t r i b u t i o n ,  s torage ,  
Al- 
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Additional data 

I I Vehicle 

fission 

'nfiguration 

Payload 

h u n c h  

D.L. 

OEt. 27. 196 SA-1 

- 
SA-2 

h u n c h  v r N c h  devel- 34 
opmiat. auborbi te l  I Vehicle achieved a l t i t u d e  of 

84.6 d l e s  end range of  
206 nil.. 

Water container  m u  deton- 
a ted a t  a l t i t u d a  of 65.2 
mile8 a f t e r  162.6 n c o n d s  
of f l i p h t  

U a t i r  container v u  deton- 
a ted a t  a l t i t u d a  of 103.7 
d l e m  a f t a r  292 ncondm of  
f l i g h t  

wcond stage and 

second stage d 
Jupitmr w n  con- 

22 900 0.11unm of 
water f o r  Project 
Histnmter 1 

22 900 g4llons of 
water for Project 
tIighvat.r 2 

h u n c h  vmhicle devel- 
o p u n t .  ruborbi ta l  

h u n c h  vehtclm devel- 
o p w n t .  suborbi ta l  

Apr. 25. 196 

Nov. 16. 196 S A - I  17:45:02 Saturn I with dum 
second .tag# 8nd 
1upit.r case con. 

SA-4 

- 
SA-5 

*I. 28. 1% 20:11:55 Saturn I with durn 
wcond mtagc mnd I Launch vehicle  deml-  

opmmt. suborbitml 

opmenr. e a r t h  orbitml 
16:25:01 Saturn I - 1  F i r s t  Saturn I launch ve- 

h i c l e  with l i v e  second stage 
Jan. 29, 1968 J u p i t e r  now cone 

containing s a d  
bAIl.8t t o  s1mul.t. 
Apollo spacecraf t  
Easm 

Boilrrplate  c o d  
and service wdul.. 
admpter, and launch 
t#CLp. S y 8 C M  
(BP-13) 

bil.rp1.t. c o y n d  
and mmrvic. mdule.  
d a p t m r ,  and launch 
escapm 8 1 . t ~  

A-101 Launch vehicle  d 
#pacecraft dev8lop- 
m L .  u r t h  o r b i t a l  1 1;: 
Launch vehicl. and 
mp8cecraft d-velop- 
mnt. march orblt.1 

k y  28, 1964 17:07:W Saturn I (SA-6) 

16:22:43 Saturn I (SA-7) + SpacRcraft and S-IV Stag# 
disinresrmted during antry 
into ear th  at-spherm over 
Pacif ic  Ocam during 54th 

A-102 Sp.C.cr.ft s-Iv stage 
di8iatagrated during entrg 
i n t o  .arch atmomphere aver 
Indian Ocem during S9th 

Sep. 18. 1961 

revolut ion 

A-103 Fab. 16. l%! I n i t i a l  "oprratiolul" launch 
v.hicle in Saturn I U C i . 8 .  

14:17:03 Saturn I (SA-9) 

07:U:Ol Saturn I (SA-8) 

13:W:W Saturn I (SA-10) 

Muc rme teoro i d  .I- 37B 
p e r i r n t .  e a r t h  or- 
b i t a l  

Iloilerplatm c-d 

adaptar. and launch 

(BP-16). Papasum A 
sacmlIite encIomd 
by mervica module 
u n t i l  o r b i t a l  in- 

a d  8eIVicm dd., 

eSClP# BylC.8 

8et'CiOn 

&ilerplatm c-nd 
A n d  8crvice m d u l e ,  
adapter  m d  launch 
.OCLp* B p t l  
W - 2 6 ) .  Pagarnu I 
Ucmllltm enclomed 
by service d u l e  
u n t i l  o r b i t a l  in- 
. * T t i O O  

Boilarplate  co-d 
and mmrvic. mdul.. 
adaprmr. a d  Launch 
..C.P. s y s t u  
(IP-9A). P.gamum C 
.at*llit. .nc1o..d 
by s a m i c e  d u l m  
u n t i l  orbirml in- 
mertion 

~ 

S a t e l l i t e  w8m c m n d e d  o f f  
AUgu8t 29, 1968 

k, 21. 1%5 Satell i te YIB c-ded off  
kug.umt 29. 1968 

Illcmmeceomld ex- JIB 
periment M'I s p a c r  
c r a f t  d w e l o p u n t .  
march o r b i t a l  

H i c r m t m m i d  u- 371 
perimut, sartb or- 
b i t a l  

A-I04 

- 
A-105 Satmllit~ ua8 c-admd off  

Lugumt 29. 1WS. And dis in-  
regrsted during enCr9 Into 
march atm8pherm Auu(umt b ,  
1969 

July 30. 1961 
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