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FIRST SATURN V FLIGHT TF,ST 

The flrst flight test of the Apollo/~aturn V space 

vehic le  is scheduled f o r  launch f r o m  the Natlonal  Aeronautics 

and Space Administrationls John F, Kennedy Space Center, Fla., 

no earlier than Nov. 7. The mission is designated Apollo 4. 

The Apollo/Satum V is the  most powerful space vehicle 

developed in the United Sta tes  space program, It is 363 feet 

tall and i t s  flrst-stage engines produce 7,500,000 pounds of 

thrust  at l i f t o f r .  Weight f'ully fueled is 6,220,025 pounds. 

The Saturn V launch vehicle will place  278,699 pounds In a 

101-nautical-mile (117-statute-mile) Ear th  orbit. 

Objectives of the Earth-orbital  unmanned mission are to 

ob t a in  flight information on launch vehicle and spacecraft 

s t m c  tuxla1 in teg r i ty  and compatibility, f l i g h t  loads,  s tage  

separation, subsys tern operat ion,  emergency detection sub- 

system operation and to evaluate the Apollo command module (CM) 

heat s h i e l d  under conditions encountered on return from a 

Moon mlssion, 



The Apollo 4 mission a l s o  w i l l  t e s t  f l e x i b l e  thermal 

seals t o  be used i n  the  new outward-opening, quick-release 

ha tch  f o r  t h e  command module. On Apollo 4, the  command 

module ha tch  window has been replaced with a t e s t  panel  

conta in ing  s imulat ions o f  t h e  s e a l s  and gaps between t h e  

ha tch  and the  surrounding h e a t  sh ie ld .  

The Apollo 4 mission inc ludes  s e v e r a l  s i g n i f i c a n t  

mi les tones  i n  the  United S t a t e s  program t o  land men on the  

Moon and r e t u r n  them s a f e l y  t o  Earth. 

... It w i l l  mark the  first launch from the  Kennedy 

Space Center Launch Complex 39; 

... The first f l i g h t  of t h e  in teg ra ted  Apol lo /~a tu rn  

space vehic le ;  

... F i r s t  f l i g h t  of t h e  first (s-IC) and second (s-11) 

s t a g e s  of t h e  Saturn  V launch vehic le ;  

... F i r s t  engine r e s t a r t  i n  o r b i t  of t h e  upper (s-IVB) 

s t a g e  of t h e  Saturn  vehicle ,  and t h e  f i rs t  demonstration of 

Apollo spacec ra f t  performance e n t e r i n g  t h e  E a r t h ' s  atmosphere 

a t  speeds reached on r e t u r n  from a mission t o  t h e  Moon. 

The Apollo 4 f l i g h t  p l a n  c a l l s  f o r  the  Saturn V launch 

veh ic le  t o  p lace  t h e  Apollo spacec ra f t  and t h e  launch veh ic le  

t h i r d  (s-IVB) s t a g e  i n t o  a 101-nautical-mile (117-statute-mile) 

c i r c u l a r  o r b i t  i n c l i n e d  32.73 degrees t o  t h e  equator .  



After completing two o r b i t s ,  the  t h i r d  stage w i l l  Ignite 

a second Lime to place the ApolLo spacecraft Into orbft with 

an apogee of  9,391 nau t i c a l  miles [ 10,800 statute miles) ,  

After separatkng from the  third stage the spacecraft w i l l  

raise i t s  apogee to 9,890 nautical miles (11,400 s ta tu te  miles) 

by firing i t s  service propulsion system (SPS) enginc. A second 

service  propulsion system burn during descent from apogee w i l l  

boos t  reentry velocity to 36$333 feet-per-second (25,000 s t a t u t e  

miles-per-hour, 21,800 knots) for the spacecraft command module. 

The command module, protected  by i ts  heat shield, w i l l  re- 

enter the atmosphere, re turn  to Earth, and be recovered about 

540 nautical  miles (622 statute miles) northwest of H a w a l l .  

Landing w i l l  be eight hours,  41 minutes a f t e r  l i f t o f f .  

The spacecraft for the Apollo 4 mission consists of a 

Block I command and service module (GSM) and a l una r  module 

(LN) boi lerplate .  The service module (SM) w i l l  be separated 

from the command module before  reentry. 

The lunar module boi lerplate  wLT1 remain attached to the 

t h i r d  stage of the  launch vehicle which w i l l  follow an o r b i t  

similar to that of the spacecraft and reenter t he  atmosphere 

over the Pacific Ocean. 

The Saturn V launch vehicle consists of three stages and 

an Instrument unkt (IU). 



The firlst stage (s-IC) is 138 feet tall, 33 feet in dia- 

meter and weighs 307,000 pounds empty. Its f u e l  and oxidizer 

tanks have a capacity of 4,400,000 pounds (214,200 gallons of 

RP-1 kerosene, and 36,400 gallons of l i q u i d  oxygen). Its 

f i v e  F-1 engines develop a combined 7,500,000 pounds of t h r u s t  

at liftoff and burn 15 tons  of fuel per second. 

The second stage (3-11) is 81.5 feet tall, 33 feet in dia- 

meter and weighs 88,000 pounds empty. Rally loaded it weighs 

1,033,000 pounds including 267,700 gallons of liquid hydrogen 

fuel and 87,400 gallons of' l i q u i d  oxygen. Its rive J-2 engines 

provide 1,000,000 pounds of t h r u s t .  

The third stage IS-IVB) is 58.4 fee t  tall, 21 feet eight 

Inches in diameter  and weighs 26,500 pounds empty, It carries 

230,000 pounds of propellants -- 66,900 gallons of liquid hydrogen 

and 20,400 gallons of l iqu id  oxygen. Its single 5-2 engine de- 

velops 200,000 pounds of thrust in space. 

The Instrument u n i t  I s  three feet high and 21 feet eight 

inches in diameter. It weighs 4,750 pounds and contains six 

major systema -- s t r u c t u r a l ,  thermal control ,  guidance and con- 

trol, measuring and telemetry, radio frequency and elec t r ica l ,  

The ApoLlo 4 spacecraft includes the conical commandmodule, 

12 feet hlgh and 12 feet 10 Inches In diameter at the  base. It 

welghs 12,000 pounds. 



The service module is a cylinder 22 feet high, 12 feet 10 

Inches in diameter and weighs 55,000 pounds including f u e l  at 

launch. It contalns the  service propulsion system engine which 

develops 21,500 pounds o r  t h rus t .  

The lunar  module boilerplate, which weighs 29,590 pounds, 

I s  contained within the spacecraft lunar  module adapter ISLA) 
which is 28 feet high, and tapers from 22 feet in diameter at 

the baae to 12 feet 10 Inches at the top, The spacecraft l u n a r  

module adapter weighs 3,900 pounds. 

The spacecraft launch escape system atop the command module 

is 33 feet tall with a base diameter of four feet. It weighs 

8,200 pounds inc luding  a boost  protect ive  cover which f i t s  over 

the apex of the command module to psotect  it against aerodynamic 

heating during launch and from the rocket exhaust of the launch 

escape system motors. The launch escape system provides the 

capabillty to lift the  command module from the remainder of t h e  

space vehicle in event of an emergency on the  pad or shortly 

after launch. The launch escape system is jettisoned sho r t l y  

after Ignition of the second stage of t he  launch v e h i c l e .  

(BACKGROUND AND TECHNI CAL INFORMATION FOLLOWS) 



The Saturn V l aunch  v e h i c l e  stands 281 feet tall, Tota l  
h e i g h t  of the Apollo 4 on the l aunch  pad, with t h e  Apollo space- 
craft a n d  l a u n c h  escape system in place,  is 363 feet and it 
weighs 6,220,025 pounds when f u l l y  f u e l e d ,  

The three-stage l aunch  v e h i c l e  is capable of placing 125 
tons of payload I n t o  low Earth o r b i t  o r  sending 48 tons to the 
Moon. The Sa turn  V is painted white with sec t i ons  marked in 
black f o r  more eff icfent  o p t i c a l  tracking. Other painted mark- 
jlngs inc lude  i d e n t i f i c a t i o n  in red l e t t e r s  and the United States 
f lag  on the first  stage. 

F i r s t  Stage 

The f i rs t  stage (s-IC) of the S a t u r n  V is 138 feet t a l l  
and 33 feet in diameter, no t  i n c l u d i n g  the fins and engine 
shrouds on the  thrust s t r u c t u r e ,  It was developed jo in t ly  by 
the National Aeronau t i cs  and Space Administrationfs Marshall 
Space F l i g h t  Center ,  H u n t s v i l l e ,  Ala., and The Boeing Co, 

Marshall assembled four S-IC s t a g e s :  a structural t e s t  
model, a static test ve r s ion  and the first two flight stages, 
one of which is t h e  f irst  stage of t he  ApoLlo 4. 

Boeing, as prlne contractor, built two  ground test units. 
Boeing is respons ib le  for assembly of t h e  o the r  13 flight stages 
at Marshall % Michoud Assembly Facil i ty,  New Orleans. 

The static test model and the first th ree  f l ight  versions 
were fired at the Marshall Space Flight Center  Test Laboratory, 
All o t h e r  S-IC stages aye being t e s t  f i r e d  at Marshallrs 
Mississippi T e s t  F a c i l i t y  in Hancock County, Miss. 

Dry weight ef the first stage is a b o u t  307 000 pounds, Its 
two propel lan% tanks have a t o t a l  capacity f o r  4 . 4  m i l l i o n  
pounds of f u e l  and ox id ize r  -- some 214,200 g a l l o n s  of RP-1 
(kerosene) and 346,400 gallons of l i q u i d  oxygen. The normal 
propel lant  f l o w  rate to t h e  five F-1 engines is 28,000 pounds 
p e r  second. The f i v e  e~gines produce a combined thrust roughly 
e q u i v a l e ~ t  to 180 million horsepower at maximum velocity. 

The engines ,  during the normal 150 seconds of burn time, 
t he  ~pollo/~aturn V to an a l t i t u d e  of 33.5 nautical 
statute miles and carry it downrange 47.5 n a u t i c a l  
s t a t u t e  miles . The vehicle will be moving at 5,300 
s t a tu te  m i l e s  per  hour)  at first stage engine  c u t o f f .  
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Four of the engines are mounted on a r i n g ,  each 90 degrees 
from its neighbor. These four can be gimballed t o  control the 
rocket Is direction of flight, 

The f i f t h  engine is mounted r i g i d l y  in t he  center .  

Second Staae 

The second stage (s-PI) is 81-$ fee t  tall and 33 feet in 
diameter. Its dry weight I s  about 88,000 pounds but when fully 
fueled it wi l l  w e i g h  1,033,000 pounds. 

The stage, excluding propel lants  for the f i v e  J-2 engines, 
w i l l  weigh about  103,000 pounds when I t  separates from the S-IC. 
This extra weight covers the 10,650-pound S-1C/S-I1 in ters tage 
sect ion,  2,720 pounds of u l l a g e  rocket propel lants  and other 
items s t i l l  on board at the time of separation. 

The stage" two propel lant  tanks will carry about 267,700 
gallons of liquid hydrogen and 87,400 gallons of l i q u i d  oxygen. 
Its five 5-2 engines develop a total t h r u s t  of 1,000,000 pounds. 

The second stage carries the rocket t o  an a l t l t u d e  of LO1 
l i a u t l c a l  miles 117 statute m i l e s  and a dZstance of some 810 
nautical miles s t a tu te  m i l e s  downrange. The speed at- 
tained before S-I1 burnout is 13,300 knots (15,300 s t a t u t e  mlles 
per  hour) .  The 5-2 engines wi41 run 6.1 minutes.  

The Space Dlvision of North American Aviation, Inc., b u i l d s  
t h e  second stage at Seal Beach, Calif. The cylindrical vehicle 
is made up of the forward skirt ( t o  which the third stage con- 
nec t s ) ,  the liquid hydrogen tank, the l i q u i d  oxygen tank, the 
thrust s t r u c t u r e  (on which the engines are mounted) and an i n t e r -  
stage section (to which t h e  f i rs t  stage connects). The two tanks 
are separated by an i n s u l a t e d  common bulkhead. 

North American conducted research and development static 
testing at the  Santa Susana, Calif., test f a c i l i t y  and at the  
NASA Mississippi Test Facil i ty.  The flight stage f o r  the Apollo 
4 was shlpped via the  Panama Canal f o r  captive flrings at 
Mississippi Test Facility, where all S-I1 flight stages are 
t es ted .  

Third Stage 

The t h i r d  stage (s-IVB) was developed by the McDonnell 
Douglas C o w .  at Huntington Beach, Calif. It is the larger and 
more powerful successor  to the S-IV that served as  the second 
stage of t h e  S a t u r n  I. 





The stage is 58 feet, 5 inches long and 21 feet, 8 inches 
Ln diameter. Its dry weight is 26,500 pounds b u t  at  separation 
from the second stage I t s  weight w i l l  be 29,170 pounda excluerive 
of t he  l i q u i d  hydrogen and l fqu id  oxygen carried in the main tanks. 
This extra weight consists mainly of s o l i d  and liquZd proepllants 
used in retro and ullage rockets and in the auxiliary propulsion 
system (APS). 

An in ters tage s e c t i o n  connects the  second and t h i r d  stages. 
This 7,627-pound interstage stays with the  second stage at sep- 
arat ion,  exposing the single 5-2 engine mounted on the thmst 
st~ueture of the t h i r d  stage.  The a f te r  sk i r t ,  connected to t he  
interstage at the separation plane,  encloses the l i q u i d  oxygen 
tank which holds some 20,400 gallons of the  oxidizer. Above this 
is the large f u e l  tank holding about 66,900 gallons of liquid 
hydrogen. 

Tota l  usable propellants  carried I n  t h e  two tanks is 230,000 
pounds. The f u e l  and oxidizer banks, as in the second stage,  
are separated by an insulated common bulkhead. I n s u l a t i o n  is 
necessary in both upper stages at t h i s  point because l i q u i d  oxy- 
gen, at about 293 degrees below zero Fahrenheit, l a  much "'hotter'' 
than l i q u i d  hydrogen, which is some 423 degrees below zero. 

The a f t  skirt also serves as a mount for two auxiliary pro- 
pulsion system modules spaced 180 degrees apart. Each module 
contains three liqufd-fueled 147-pound tkrust engines, one each 
for roll, p i t ch  and yaw, and a 72-pound-thrust, l iquid-fueled 
ul lage engine. 

Four sol id-propel lant  retrosockets of 37,500 pounds t h r u s t  
each are mounted on the interstage to back the second stage away 
from the t h i r d  stage upon separation. The t h i r d  stage also car- 
r i es  two solid-f ueled ullage motors of 3,400-pounds-thrust each, 
These motors help to move the third stage forward and away from 
the second stage upon separation and serve the additional purpose 
of s e t t l i n g  the lfquid propellants  in the  bottoms of the tanks Zn 
preparation f o r  J-2 ignition. The first 3-2 burn is for 136 
seconds and the second burn i s  f o r  almost six minutes. 

The third stage is moved from its manufacturing site by 
barge or Super Guppy aircraft t o  Douglaar Sacramento Test Center 
f o r  static test firings. After firing and checkout, the stage 
is flown to the NASA Kennedy Space Center. 

The propulsion systems of the  Saturn V launch vehicle vary 
greatly -- t h rus t  r a t i ngs  ranging from more than 1.5 million 
pounds down to 72 pounds, some engines using liquid pro  ellants E and o t h e r s  us ing solids, The Saturn V uses a t o t a l  of 1 rocket 
engines in performing i t s  funct ion  as t he  carrier f o r  t h e  Apollo 
spacecraft . 





The five F-1 engines tha t  rovide t h e  main power f a r  the 
first stage burn RP-1 (kerosene? and liquid oxygen. Each engine 
in the f irst  stage develops 1,514,000 pounds of thrust at lift- 
off, building up t o  1.7 million pounds t h r u s t  before c u t o f f .  The 
cluster of five P-1s gZves t he  first stage a t h r u s t  range of from 
7.57 million pounds at liftoff t o  8.5 million pounds j u s t  before  
cu tof f ,  Technology gained from development of the  H-1 and o the r  
rocket engines u s i n g  RP-1 and l i q u i d  oxygen was used in extending 
the state of the a r t  to a po in t  at which the F-1 could become a 
rea l i ty ,  

Each F-1 engine weighs almost 10 tons, is more than  18 fee t  
high and has a nozzle-exit diameter of almost 14 feet. The E-1 
engines undergo static t e s t l n g  f o r  650 seconds in being q u a l i f i e d  
for the  150-second run  during the S a t u r n  V first stage boost  
phase. T h i s  800-second period is still f a r  less than the 2,200 
seconds for which the  engine is "guaranteed." Each engine con- 
sumes almost three tons of propellants per second. 

The first stage of the Saturn V also has eight o the r  rocket 
motors. These are the s o l i d - f u e l  retrorockets which will slow 
the stage and "back it away" from the second stage and avofd 
poss ible  collision when the  two  stages separate. The r e t r o -  
rockets are mounted Z n p a i r s ,  two  in each of t h e  f o u r  engine 
shrouds. Each rocket produces a t h r u s t  of 87,900 pounds f o r  
.g seconds, 

The main propulsion f o r  t h e  second stage is a c l u s t e r  of 
five 5-2 engines burning liquid hydrogen and l i q u i d  oxygen. Each 
engine develops a mean t h r u s t  of 200,000 pounds (variable from 
175,000 to 225,000 in phases of f l i g h t ) ,  giving the stage a to ta l  
thrust of a rnLll ion pounds. 

Designed t o  operate in the vacuum of outer space, the 3#500- 
pound J-2 is a more e f f i c i e n t  engine than the F-1 because ft 
burns the high-energy f u e l  hydrogen. 

The second stage also has eight so l id - fue l  rockets,  each 
with a t h r u s t  of 21,000 pounds. These are the ullage rockets 
mounted on the  interstage section. After these rockets fire to 
assure that l iqu id  propel lants  are se t t l ed  in the bottoms of  t h e  

t T main tanks, and also to help attain a clean" separation from 
the first stage, the rockets drop away w i t h  the  in ters tage at 
second plane separation. 

Fi f teen  rocket engines  perform va r ious  functions an the 
third stage. A single J-2 engine provides  the main propulsive 
force for the stage's f l ight .  The stage also has two main ullage 
rockets, four  retrorockets and e ight  smaller engines in t he  aux- 
Lliary propulsion system. (see "Third stage" foor descript~ons.) 



Instrument Unit  

The Instriment Unit (IU) is a c y l i n d e r  three feet high and 
21 feet 8 inches in diameter, the same diameter as the third 
stage. The instrument u ~ i t  for Apollo 4 weighs bt750 pounds. 

t f Components making up the bra in r f  of the Saturn  V are mounted 
on coo l ing  panels fastened to the i n s i d e  surface  of the I n s t r u -  
ment u n i t  skin. The refrigerated ' b a d  plates" aare part of a 
thermal conditioning system that  removes heat by circulation of 
fluid coolant  through a heat exchanger that evaporates water 
from a separate supply into t h e  vacuum of space. 

The six major systems of t h e  instrument u n i t  are struc*t;ural, 
thermal con t ro l ,  guidance and c o n t r o l ,  measuring and telemetry, 
rad io  frequency and elec t r ica l .  

The instrument u n i t  performs the fol lowing f u n c t i o n s  : 
navigation, guidance and control of the vehicle; measurement of 
vehicle performance and environment; data transmission between 
the vehicle and ground stations, in both directions; radio track- 
i n g  of the veh ic le ;  checkout and monitor ing of vehicle funct ions  ; 
detection of emergency situations; generation and network distri- 
b u t i o n  of electrical power f o r  system operation; and pref l igh t  
checkout and launch and flight operat ions.  

A path-adaptive guidance scheme i s  used in the  Saturn V f s  
instrument unit. A programmed trajectory is  used i n  the  i n i t i a l  
launch phase with guidance beginning only after the veh ic le  haa 
left the atmosphere. This is t o  prevent the vehicle from per- 
forming maneuvers that might cause it to break apart while at- 
tempting to compensate f o r  wends, j e t  stseams and gusts en- 
countered In the atmosphere, 

If such air c u r r e n t s  displace the vehlcle from the  optimum 
trajectory d u r i n g  its climb, the  vehic le  derives a new t r a j e c t o r y  
f r o m  I t s  instantaneous state of p o s i t i o n ,  velocity and direction. 
This ca lcu la t ion  is made about once each second throughout  the 
f l igh t .  The launch vehic le  digital computer and launch vehic le  
da ta  adapter perform the  naviga t ion  and guidance computations, 

The ST-124~ inertial platform -- considered the h e a r t  of the 
navigation, guidance and control system -- provides  space-fixed 
reference coordinates and measures acceleration along t h e  three 
mutually perpendicula? axes of the coordinate system. 

In t e rna t i ona l  Business Machines Gorp. is prwe cont rac tor  
f o r  the i n s t rumen t  unit and is the suppl ier  af the guidance aig- 
rial processor and guidance computes, Major s u p p l i e r s  of instru- 
ment u n i t  components are : Elect ronic  Communications, Inc . , con- 
t r o l  computes; Bendix Cow., ST-124M i n e r t i a l  platform; and IBM 
Federal Systems Division, launch vehicle d i g i t a l  computer and 
launch veh ic le  data adapter. 





Transportation 

The Saturn V stages are too large f o r  movement by conven- 
t i o n a l  highway, rail er air fac i l i t ies .  Special barges move the 
first stages tested at Huntsvi l le  via the Tennessee, Ohio and 
Mississippi Rivers, the Gulf of Mexico and intercoastal water- 
ways to the Kennedy Space Center, a dfstance of more than 2,200 
miles. 

Barges also move the f irst  stages produced at t h e  Michoud 
Assembly Facility to the Mississippi Test Facility and t he  launch 
site in Florida. Second stages produced on the West Coast are 
shipped via  the Panama Canal to Mississlppi Test F a c i l i t y  and 
Kennedy Space Center, The NASA barge, Poseidon, carries the 
first stage, and two modified open-deck vessels make shuttle 
runs between Michoud and Mississippi Test Facility. Propel lants  
are carried to Mississlppi T e s t  Facility on specially-built c ryo -  
genic barges. 

On the West Coast, the  "point   arrow" carries the second 
stage from Los Angeles to Kennedy Space Center. This vessel is 
operated by t h e  Military Sea Transportation Service (MSTS) of 
the Navy. A rnodlf i e d  aircraft known as the "Pregnant ~ u p p y ' 9 i s  
used f o r  flyAng single F-1 engines and other items to va r ious  
points .  Aerospace Lines, Xnc., b u i l d e r  of the Guppy, has a l so  
b u i l t  a "~uper ~ u p p y "  which is used as a carrier f o r  the  Sa turn  
V t h f r d  stage and other  large i t e m s  of hardware. 
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VEHICLE ENVIROPMENTAL MEASURING PROGRAM 

The total nw.ber of measurements to be made on the Saturn 
V Launch vehicle, not including those from the Apollo s ace- % craft, dur ing  the Apollo 4 flight is approximately 2,89 , T h i s  
includes 972 in the first stage, 976 in t he  second stage, 609 
in the t h i s d  stage and 337 in the instrument unit. 

The Saturn V w i l l  carry 22 telemetry systems, two t rack- 
ing  systems and two motion p i c t u r e  cameras, The cameras are 
mounted on the second stage to record photographically the dual 
plane separations of t h e  first stage and interstage from the 
second stzge. The cameras a11 be e j e c t e d  f o r  descent by para- 
balloon and splashdown in the Atlantic Ocean about 470 miles 
from the launch site where they w i l l  be recovered by teams hom- 
ing on each cameraEs radio beacon. 

The 2,894 measurements scheduled are in sharp contrast to 
the average 1,365 measurements taken on Uprated Saturn 1 vehicles, 
925 on Saturn  I (from 510 on S A - l  to 1,378 on sA-71, 150 on the 
J u p i t e r  and 75 on the Redstone, 



Measurements and Instrumentation 
(Approximate numbers) 

e - I o t a l s  
Acceleration 4 Z 8 3 16 
Acoustic 1 12 5 4 22 
Temperature 57 244 326 252 879 
Pressure 5-2 107 203 330 652 
Vibration 28 34 60 80 202 
Flow Rate 11 4 10 35 60 
Poaition 21 8 36 1 66 
G & C  54 0 0 0 54 
3iF & TM 26 0 0 0 26 
signals 70 75 228 143 516 
LLquid Level 0 12 4 19 35 
Elec t r ic  Power 20 41 63 I1 135 
Misc. 0 37 4 15 56 
Angular Velocity 33 0 3 3 39 
Strain 0 32 16 7 1  119 
RPM (speed) 0 2 10 5 17 

Totals  33, 609 Y'1 b 9'12 2,894 

T e l e m e t r y  Systems 

Tracking 
Azusa & 6-;Band 1 0 0 0 1 
OMlP 0 0 0 1 1 

Cameras 



HISTORICAL BACKGROUND 

The national goal of a manned l u n a r  landing before 1970, 
set by the late President Kennedy, created the need f o r  a launch 
vehic le  larger than t he  S a t u r n  I. NASA announced in January 1962 
that the Marshall center had been assigned the 
such a vehicle -- the Sa tu rn  V, 

The f i r s t  Saturn  vehicle, a Saturn 1 u s i n g  only a live first 
stage, had been launched Oct. 27, 1961, Nine more were launched 
successfully during the next four years. Technology gained in 
developing the Saturn I and the Uprated Saturn  I -- three af 
whlch were launched in 1966 on successfu l  missions -- was essen- 
tial to design of the Saturn V. 

New t oo l s ,  j igs  and fixtures had to be designed and b u i l t  
and new manufacturing techniques developed before actual. fabri- 
cation of t he  Saturn V could  begin. The new rocket was to be so 
large that most of it would have to be b u i l t  in s e c t i o n s  and then 
assembled vertically. This, in t u r n ,  required the  construction 
of taller bulldings with overhead cranes and adjustable work 
platforms.  

The size of the vehlcle a lao  required the conetruction of 
new, giant test fac i l i t i es  and t h e  design and manufacture of 
special t ranapartera.  Barges large enough f o r  the big  rocket 
stagea had to be acquired, modified and outf i t ted f o r  hauling 
the fZrat and second stages. A f ac to ry  at New Orleana waa 
reactivated and converted Into an assembly plan t  f o r  the f i r a t  
stages, and a b i g  part of a swampy Mlsaissippi county was 
acquired and converted Into a teat si te  for the fkrst t w o  stagea. 
OtheP new manufacturfng and tes t ing  fac i l i t ies  had to be pro- 
v i d e d  for the second and third stages and the powerful new 
engines. 

The Marshall center, as plans took shape, took its needs to 
industry, negotiat ing contracts with dozens of major aerospace 
firms and hundreds o r  smaller concerns, These firms, in turn, 
negotiated subcon t r ac t s  wlth thousands of other suppliers .  

Scientists and engineers in t h e  several laboratories at the 
Marshall center  also helped with the task, A t  dozens of loca- 
t i o n s  materials were tested, new materials developed and proved, 
revolut ionary  welding methods developed, aerodynamic studies 
made, computers i n s t a l l e d  and programs set  up to solve  the myriad 
problems. T e s t  monito~ing and recording instruments were in- 
stal led,  checkout procedures developed, r e l i ab i l f  ty standards es- 
tabliahed, e lect ronics  systems designed and b u i l t  and guidance 
schemes developed. 

The fZrat Sa tu rn  V f irst  stage, a static test model, was 
rol led ou t  or i t s  Marshall Space Flight Center  hangar March 1, 
1965~ and test-fired f o r  the first thne on April 9, 1.965, 



Saturn Launches 

Flight Date 
Type Vehicle Destgnation Payload Launched 

Saturn I @lock I) s A - 1  ~ u ~ m y  and nose cone. 10-27-61 

Saturn I  lock I) SA-2 Dummy and nose cone. 4-25-62 

Saturn  I  lock I) SA-3 Dummy and nose cone. 11-16-62 

Saturn I  lock I) sA-4 Dummy and nose cone. 3-28-63 

Saturn I  lock 11) SA-5 

Saturn 1  lock IT) sA-6 

Saturn I  lock 11) SA-7 

Saturn I  lock 11) SA-9 

Live second stage, nose cone, 1-29-64 
boilerplate  spacecraft. 

Live second stage, nose cone, 5-28-64 I 

boilerplate  spacecraft . P In 
I 

Live second stage, nose cone, 9-18-64 
boilerplate spacecraft . 

Pegasus 1 Meteoroid Technology 2-16-65 
Satellite. 

Saturn I  lock 11) SA-8 Pegasus If. 5-25 -65 

Saturn I  lock 11) SA-10 Pegasus 111, 7-30-65 
e t - - - l l l - - - - - l " - l - - - I l e r - - - - " - - - - - - - " - - - - - - - - - - - -  

Uprated Saturn 1 AS-201 Apollo CSM 2-26-66 

Uprated Saturn  I AS-203 Nose cane, experiments 7-5-66 

Uprated Saturn I AS-202 Apollo CSM 8-25-65 



The first f l i g h t  stage,  the  first stage of Apollo 4, was 
completed at the Marshall c e n t e r  Sept, 27, 1965, and test fired 
Feb. 17 and 25, 1966, The second stage for Apollo 4 was test 
fired at the Mississippi Test Facility on Dec, 1 and 30, 1966. 
The Apol la  4 third stage was static tested at Sacramento May 20 
and 26, 1956. 

Assembly of ApoZlo 4 in the  Vehicle Assembly BuLldlng at 
KSC began Oct, 27, 1966. It was rolled out of the  building on 
i t s  mobile launcher dug. 26, 1967, and taken to the launch site, 
Launch Complex 39. 

The Apollo l u n a r  landing mission I s  not the only use to 
which the Saturn Y w i l l  be p u t ,  It w i l l  be the  mainstay in the  
h e ~ v y  vehic le  area in United States space explora t ion  f o r  the 
next several years. It will be used in the Apollo Applications 
Program, the  follow-on to the manned l una r  landing, 

Studies are in progress on methods of adapting the Saturn V 
to meet the needs of various programs, ei ther  by reducing or in- 
creasing its payload capabi l i ty ,  Payloads n o t  r equ i r ing  the full 
power of a S a t u r n  V but r e q u i r i n g  mare than that of the Uprated 
Saturn I could conceivably be carried to mission compXetlon by 
a two-stage model, possibly with t h e  number of engines reduced. 
Payloads greater than the  Saturn V's present capability could be 
carried by increasing the vehlclefs power in a number of ways. 
The main methods under consLderation Include increasing the  per- 
formance of engines and adding strap-on s o l i d  rocket motors to 
auppent booster thmst, 





APOLLO 4 SPACECRAFT 

Command Module (CM) 

The command module is a cone 12 feet high with base 
diameter of 12 feet 10 Inches, a habitable volume of 210 
cubic  feet and an approximate launch welght of 12,000 pounds. 

Outer s t r u c t u r e  ks stainless  steel honeycomb bonded 
between steel alloy sheets wi th  sur face  application o f  
phenolic epoxy r e s i n  ab l a t i ve  material va ry ing  from to 2$ 
inches thick for protection from reentry temperatures to 
5,000 degrees Fahrenheit. 

Inner  s t r u c t u r e  I s  aluminum honeycomb between aluminum 
a l l o y  with sandwich thickness from & inch a t  forward access 
tunnel to 1s inches at base; f i b r o u s  i n s u l a t i o n  separates 
ou t e r  and inner  s t ruc tu res .  

The command module has an inner pressure s tmc tu re  
and an ou te r  s t r u c t u r e  (heat shield) separated by stringers 
f o r  support  and a microquartz fiber f o r  thermal insula t fon .  
The ou t e r  houslng limits heating of the pressure s t r u c t u r e  
t o  less than 600 degrees F, The combined s t r u c t u r e s  keep 
temperatures inside the spacecraft a t  comfortable levels 
during o r b i t a l  fllght and below 200 degrees F. dur ing  reentry.  

The three-piece heat sh ie ld  is constructed of brazed 
honeycomb s tahless  steel to which is bonded a phenolic epoxy 
resin ab la t i ve  (heat dlsskpating) material.  The ablat ive  
material bums away dur ing  reentry.  Thickness of the ablative 
material varZes from 0.7 t o  2.7 inches based on t h e  antici- 
pated aerodynamic heat d i s t r i b u t i o n  over the command module. 
The three sect ions  of the shield i nc lude  forward heat s h i e l d ,  
crew compartment heat shield, and the  a f t  heat shield. 

The Apollo 4 has a bas ic  Block I { ~ a r t h - o r b i t  t y p e )  
heat shield but w i t h  t h e  same thickness, thermal coat ing,  
protuberances  and manufacturing technique used in t h e  Block 
11 ( luna r  mission) heat shie ld .  A s i m u l a t e d  Block I1 umbilical 
will be on command module i n  addition to the act fve  Block I 
u m b i l i c a l .  

A n  Apollo mission programmer w i t h  special equipment needee 
for operat ion of the spacecraft subsystems in t h e  absence of 
a crew will be installed. 

The VHF and S-band omnidirectional antennas also w i l l  be 
modified to ref lec t  the Block 11 configurat ion,  



The command module hatch wLndow has been replaced w i t h  
an instrumented test panel containing simulations of the  
f lexible  thermal seals and gaps between t h e  hatch and surround-  
ing heat s h i e l d .  Success fu l  performance of the  thermal seals 
d u r i n g  r e en t ry  heating w i l l  q u a l f f y  the seals f o r  u s e  on manned 
command modules which w i l l  have the new quick-operating outward- 
opening hatches. 

Design e f f o r t  on the  new hatch was begun in December 1966 
and intensified as a result of t h e  Apollo 204 fire of Jan. 
27, 1967. F i r s t  f l i g h t  t e s t  of the complete new hatch is 
scheduled f o r  the second fipollo/Saturn V mission. 

A a u r e r  Model 220-G Earth and sky  observer camera will 
be installed In the command module to take c o l o r  photography 
as the spacecraft passes i t s  apogee d u r i n g  the third o r b i t .  
The camera will photograph a 42-degree field of view and 
will take p i c t u r e s  once every 11 seconds beginning about  an 
hour,before the spacecraft reaches apogee until about an hour 
af ter  apogee. 
Service Module (SM) 

The service module is 22 feet high and c y l i n d r i c a l  in 
shape, inc luding  an extens ion to service propulsion system 
(SPS) engine, w i t h  a diameter of 12 feet 10 inches. Approxi- 
mate launch weight is 55,000 pounds with an engine thrust  of 
21,500 pounds Ln vacuum. 

S t r u c t u r e  i s  aluminum honeycomb o u t e r  skin one inch 
th ick fonned by six panels bolted to solld aluminum structural 
uprights. The i n t e r i o r  is d i v i d e d  into six wedge-shaped 
compartments of three d i f f e r en t  s izes  around a cen te r  c y l i n -  
drical sect ion:  

(1) 50-degree segments house auxiliary equipment, are 
designated sectora 1 and 4; 

(2) 60-degree segments house f u e l  tanks for SPS, are 
designated sectors j and 6; and 

(3 )  70-degree segments house oxidizer t anks  for SPS, 
sectors 2 and 5, 

A c y l i n d r i c a l  center sec t ion houses t w o  hellurn tanks to 
p r e e a u r i z e  service propulsion sys tem tanks, and the SPS engine. 



Space radiators to dissipate heat from the  electrical 
power system (EPs) and the environmental  control  system (ECS) 
are loca ted  external ly  on four of the  six panels making up 
the service module skin; electrfcal power system radiators 
are on sectors  1 and 4, environmental con t ro l  system radiators 
on 2 and 5. However, these radiators are not connected f o r  
t he  Apollo 4 mission. 

Four reaction control system (RCS) packages each made 
u p  of four engines and one f u e l  tank, oxidfzer tank, and 
pressurant  t ank  w i t h  associated plumbing and e l ec t r i ca l  
connections, are located equ id i s t an t  around the circumference 
of t he  service module. 

Spacecraft Lunar Module Adapter (SU) 

The Spacecraft Lunar Module Adapter 1s a tapered cy l in -  
dr lca l  shape 28 feet high and 22 feet in diameter at base, 
12 feet 10 inches at top,  of 1 3/4 inch  t h i c k  aluminum honey- 
comb weighing 3,900 pounds. It houses the lunar module 
b o i l e r p l a t e  LTA-1OR. 

Lunar Module Test Article (LTA-10~) 

This l una r  module test a r t i c l e  I s  instrumented t o  
measure v i b r a t i o n ,  acous t i c s ,  and s t ruc tu r a l  i n t e g r i t y  a t  
36 p o i n t s  in the spacecraft l u n a r  module adapter, Data will 
be telemetered to the ground s t a t i ons  during the f irst  12 
minutes  of flight. 

The t e s t  a r t i c l e  will remain with the last stage of 
the launch vehicle .  Lunar T e s t  Article-1OR uses a f l igh t -  
t y p e  descent stage wlthou t  landlng gear. Its propellant tanks 
w i l l  be f i l l e d  wlth water glycol and wlth freon to simulate 
f u e l  and oxidizer. The ascent stage is a ballasted aluminum 
s t r u c t u r e  containing no f l i g h t  systems. Weight of t h e  lunar 
module t e s t  a r t i c l e  is 29,500 pounds. 

Reaction Control System (RCS) 

The ~eaction con t ro l  system provides t h rus t  f o r  attitude 
maneuvers of the spacecraft in response to automatic c o n t r o l  
signals from t h e  stabilfzation and c o n t r o l  system (SCS) In 
conjunction w i t h  the guidance and navigation system (G&N) or 
to manual control signals from crew through hand controllers. 
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Service module react ion c o n t r o l  system consists of 
four independent snbsyst ems of four 300-pound-thrust engf nes 
each (16 engines total) packaged as modules and located in 
quadrants near the top of the service module. Propel lant  i s  
hypergclic i g n i t i n g  spontaneously when f u e l  and oxidizer  
are mlxed. It l a  made u p  of Aerozine 50 (half -and-half blend 
of hydrazine and unsymmetrical dimethylhydrazine) f u e l  and 
n i t rogen  t e t r ox ide  oxid izer .  In each quad, t w o  of the f o u r  
engines  give roll con t ro l ,  the other  two ei ther  yaw or p i t c h  
c o n t r o l  depending on the l o c a t i o n  of the quad. 

Command Module 

Reaction c o n t r o l  system includes two independent 
~ubsysterns cf six 93-pound thrust  engines each (12 engines 
t o t a l )  operating in tandem. A single subsys temis  able to pra- 
v i d e  adequate attitude con t ro l  should one subsystem fail. 
Propellant is hypergolic wlth monomethyl-hydrazine fuel and 
nitrogen tetroxlde o x i d i z e r ,  The command module react ion 
con t ro l  system is not activated u n t i l  a f t e r  t he  command module 
and t he  service module have separated before reentry. 

Service Propulsion Sys tem (SPS) 

The service propulsion system has to provide  t h rus t  f o r  
major v e l o c f t y  changes and in Earth o r b i t a l  mission, f o r  
the de-orbi t  burn t o  achieve reentry. The engine is 3 feet 
5 inches high wi th  nine-f o o t  , f our-inch exhaust expansion 
s k i r t  of columbion-titanium. It weighs approximately 810 
pounds, produces 21,500 pounds of t h r u s t  in a vacuum, and is 
rated a t  36 restarts  with eight minutes 20 seconds of total 
burn t i m e .  Propellant is h y p e ~ g o l i c  Aerozfne 50 f u e l  and 
nitrogen tetroxide oxidizer and is pressure f e d  from the 
se rv ice  module storage t a n k s  by helium gas. The se rv ice  pro- 
pulsion sys tem engine I s  gimbal-mounted to keep the  direction 
of th rus t  aligned through the spacecraft c e n t e r  of grav l ty .  

Launch Escape S y s t e m  (US) 

The launch escape system includes a s o l i d  prope l l an t  
launch escape motor and p i t c h  c o n t r o l  motor t o  p u l l  space- 
c r a f t  up and out from launch vehicle in the event of mission 
abort on the pad or d u r i n g  launch up  to an a l t i t u d e  I n  excess 
of 270,000 fee t ,  The launch escape system is 33 feet t a l l  
w i t h  a fou r - foo t  base diameter. It weighs approximately 8,200 
pounds including a boost p ~ o t e c t i v e  cover which flts over the 
apex of' the command module f o r  protection against  boost  heat ing 
and the rocke t  exhaust of the launch escape motors. The three 
solid propellant motors of the launch escape system are: 



(1) Launch escape m o t o r  with  147,000 pounds of thrust 
over three seconds "duration; 

(2) pitch con t ro l  motor with 2,850 pounds of thrust 
f o r  0.5 seconds and;  

(3 )  Tower j e t t i son  motor, 32,000-pounds-thrust f o r  one 
second. Propellant in a l l  three motors is poly- 
sulf M e .  

Stabilization and Control System (SCS) 

The stabilization and control system controls spacecraft 
at$ i tude ,  t h r u s t  vec tor  of the se rv l ce  propuls ion  system 
engine, and may serve as backup i ne r t i a l  reference system, 
It operates automatically or manually. Components of the  
stabilization and c o n t r o l  system appropr ia te  to the Apollo 
4 misslon are: 

(1) Body-mounted a t t i t u d e  gyros ( ~ A G ) :  Three identical 
u n l t s  mounted along spacecraft body axes. A t t i t u d e  disp lace-  
ment creates signal to the r e a c t i o n  control  system t o  re- 
s tore  desired a t t i t u d e .  

( 2 )  Rate gyro assembly (RGA): Three gyros to show 
rate of change of spacecraft a t t i t u d e ,  

(3) A t t i t u d e  gyro accelerometer assembly (AGAA) : 
The three BMAG u n i t s  p l u s  a pendulous  accelerometer to d i s p l a y  
acceleration data for automat fc  t e m i n a t l o n  of se rv ice  pro- 
pul s ion  system engine thrust ing,  

( 4 )  A t t i t u d e  s e t  and glrnbal positton ind ica to rs  which 
set desired angle changes and displays service propulsion 
system engine gimbal p i t c h  and yaw p o s i t i o n  angle. 

(5) Velocity change indica tor  d i s p l a y s  remaining 
v e l o c i t y  change or Delta V. 

( 6 )  Elec t ron ic  con t ro l  assemblfes to process and 
condi t ion  signals from SCS components. 

MissJon Control Proaramme~ EM C P )  

The Mission Control Programmer receives i n f o m a t i o n  frcm 
t h e  updata l i n k  ground command, the S a t u r n  instrument u n i t ,  
ground support equ iprnent , t h e  guidance and navigation, Ear th  
landing and environmental c o n t r o l  systems, 





Guidance and Naviaat ton  ( G ~ N  

The Gtrldance and NavigatLon System is a semi-autonatic 
system interrelated w l t h  stabilization an6 c o n t r o l  system, 
service propuls ion  system, react ion c o n t r o l  system, elec t r ica l  
power system, environmental c o n t r o l  system, telecommunications, 
and instrumentation systems. It performs basic f u n c t i o n s  of 
i n e r t i a l  guidance, a t t i t u d e  reference, and o p t i c a l  navigation, 
The s y s t e m  has two Apollo 4 related subsystems: 

{I) I n e r t i a l  guidance to measure changes in spacecraft 
a t t i t u d e ,  h e l p  generate steering command, and measure changes 
in ve loc i ty .  It is operated automatically by t h e  guidance 
computer; 

(2  Guidance computer and two display and keyboard 
panels l DSKY) to ca l cu l a t e  steering s i g n a l s  and engine on- 
off signals, to p o s i t i o n  ine r t l a1  measurement u n i t  stable 
member, t o  p o s i t i o n  o p t i c a l  unit, t o  conduct limited G&N mal- 
f u n c t i o n  isolation, and to prov ide  display panel information. 
The computer I s  d i g i t a l  wlth both an erasable and a f ixed mem- 
ory.  

Earth o r b i t a l  opera t ions  of the guidsnce  and navigation 
system are in prelaunch,  guidance monitor, o r b i t a l  navigation, 
inflight i n e r t i a l  measuring u n i t  al ignment,  a t t i t u d e  con t ro l  
and r e e n t r y  phases. 

Electr ical  Power Systen (EPS) 

The electrfca3. power system is made u p  of s i x  maln 
areas : 

(1) F u e l  c e l l s  to produce e l e c t r f c i t y  through chemical 
reaction of hydrogen and oxygen pressure-fed into ce l l s  by 
n i t rogen  gas.  

Each of t h e  th ree  power p l a n t s  c o n s i s t s  of 31 series- 
connected c e l l s  and each cell contains a hydrogen compartment, 
an  oxygen compartment, a hydrogen electrode and an oxygen 
e l e c t r o d e .  Each power p l a n t  is 44 inches high, 22 inches in 
diameter and weighs 245 pounds. 

(2) Three zknc-s i lver  cxide b a t t e r i e s  loca ted  in the 
command module lower equipment bay to provide spacecraft power 
during reentry and after landing and t o  supplement fuel cell 
power during peak load p e r i o d s ,  p l u s  two independent and 
isolated zinc-silver oxide batteries to ignite explosive de- 
vices, plus two simLlar batteries in t he  service module to 
power service  module jettison controllers a f t e r  command rnodu~e 
and service  module separat ion.  



(3) Cryogenic storage t a n k s  and plumbing to hold and 
r o u t e  hydrogen and oxygen f o r  fuel cells and oxygen f o r  
environmental control system. 

(4 )  Three sol id-s ta te  i n v e r t e r s  in the command module 
lower equipment bay convert  f u e l  cell and battery d i r e c t  
current power t o  alternating current .  

(5) The associated power distribution equlprnent. 

( 6 )  Three batteries f o r  t h e  Mission Control Programer. 

Envir~nmental. Control Svstem IECS) 

The Environmental Control System consists of: 

(1) The water system which holds about 17 q u a r t s  of 
po tab le  water, some of it a by-product of the f u e l  cells, and 
abou t  28 q u a r t s  of waste water used in the evaporator which 
helps cool t h e  glycol system. 

( 2 )  The glycol system to absorb and t ranspor t  beat from 
the cab in ,  electronic equipment, and a portion of t he  potable 
water to the space rad ia to r s .  

Telecommunicat ions System 

The Telecommunications System provides telemetry and 
t r ack ing  and ranging communicatLons between the  spacecraft 
and ground stations, and capability to synchronize t irning 
references f a r  o t h e r  spacecraft systems and to correla te  
telernet~y data. The Apollo 4 system f a l l s  i n t o  two main 
categories : 

(1) Data, with transmission and tape recording capability 
for s t r u c t u r e  and system inflight instrmrnentation and t iming 
data, and 

( 2 )  Tracking and ranging, ustng C-band and S-band trackfng 
by ground stations to help determine accurately the angular 
position and range of the spacecraft from the station. 

System equ iprnent d i v i d e s  i n to  three groups : 

( 1  Data, i n c l u d i n g  signal-conditioning, data storage, 
and c e n t r a l  t iming equipment, up  data digital decoder, pu l se -  
code modulation telemeter, premodulation processor; 

( 2 )  RF e l e c t r o n i c s ,  including W/FM transmitter and 
W/AM t ransceiver ,  C-band transponder, u n i f  l e d  S-band equ l p -  
ment~ - recovery beacon, and HF transceiver; 



( 3 )  Antennas, whkch are VHF omnidirecti~nal, S-band, 
VHF recovery HF recovery, C-band. 

Operational instruments associated wfth the data 
equipment and data transmission inc lude  same 24 classes of 
transducers to measure sys tem pressure, temperature ,  flow, 
a t t i t u d e ,  angular position, rates, events quantity and 
frequency. 

Earth land in^ S~~stern (ELS) 

The Earth Landing System safely lands the command 
module through automatic sequence of drogue and main parachute 
deployment system i nc ludes  recovery equipment f o r  deployment 
and activation after landing. 

Parachute Subsvstem: 

(1) drogue chutes ( t w o ) ,  conica l  ribbon nylon w i t h  
canopy diameter of 13.7 feet; 

(2)  p i l o t  chutes  (three), ring-slot nylon 7.2 
feet diameter; 

( 3 )  main chutes (three) rilngsail nylon 83.5 feet 
diameter welghing 127 pounds each including 
canopy, risers and d e p l o p e n t  bag. 

Recovery Equipment: 

(1) upr igh t ing  system consisting of three compressor- 
inflated bags, t w o  of which are used t o  up- 
r ight  the spacecraft if it lands apex down 
(stable 11) in the  water ( t h i r d  bag is backup); 

( 2 )  f luorescein  sea dye marker w i t h  12-hour capacity; 

( 3 )  flashing beacon on command module apex; 

(43 VHF recovery beacon transmitter, located in 
command module lower equipment bay and activated 
during descent to provide cont inuous llne-of -sight  
signals; 

( 5 )  swimmer1 s u m b i l i c a l ,  p a r t  of the tether holding 
t h e  sea dye marker cannister, 



Launch E s c a ~ e  Svstem (LEs) 

The Launch Escape System provLdes safe abort capabilities 
frcm prior to liftorr through f 2 r s t  173 seconds of flTght 
through automatic  i n i t f a t i o n  by the emergency detection 
system (EDS) which senses booster malfunc t ion .  The three 
launch escape system abort phases -- pad, low a l t i t u d e ,  and 
high-altitude -- are i n d i c a t e d  in the accompanying chart.  
I n  the normal mission, the launch escape system is jettisoned 
s h o r t l y  a f t e r  kgni t ion of the launch vehicle second stage; 
an abor t  after that time I s  accomplfshed by the  service pro- 
p u l s i o n  system engine. Operation of the Earth l a n d i n g  system 
under abort conditions is essentially the same as in a normal 
reentry descent. 
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APOLLO 4 LAUNCH OPEBATIO?IS 

Apollo 4 mission launch operations are conducted by a team 
dlrected by NASAr s John F. Kennedy Space Center. The f i n a l  
countdown w i l l ,  be r u n  by a crew of more than 450 from Firing 
Room 1 in the  Munch Control Center,  Complex 39, 

KSC launches manned and unmanned Apollo miss9ans, u s i n g  
both  the Uprated Saturn I and Saturn  V launch vehicles. The 
K S C  respons5bbillfties include preflight test and checkout of the  
launch vehic le ,  spacecraft and support  facilitf e s ,  mate and in- 
tegration of the overa l l  space vehicle, countdown and launch. 

All of these a c t i v i t i e s  w i l l  come together for t h e  first 
time at Complex 39 with the launch Apollo 4, the first Apollo/ 
Sa turn  flight. 

Two of the propulsion stages and the Instrument unit of t he  
ApoLLo 4 launch vehicle arrived a t  KSC during the last half of 
1966: the first stage (SI-C) by  barge from the Marshall Space 
Flilght Center ' s  Mltchoud Assembly Facility, New Orleans, in Sep- 
tember; the  thlrd stage (s-IVB) from Sacramento by Super Guppy 
aircraft in August; and the ins t rm,en t  unlt from Huntsville, 
also in August, The S-I1 second stage came in from Marshallf s 
Mississippi Test FacilLty,  Bay St. Louis, by barge in January 
1967. P r i o r  to 3-11 stage arrival, preliminary testing was be- 
gun on the  other stages in t he  high bay of KSCts Veh ic l e  Assembly 
Bui ld ing  (VAB) using a spacer in place of the S-11 i n  the  launch 
vehicle "'stack. " 

The three stages and instrument unit were electrically mated 
in High Bay I of the VbB last February. 

The Apollo 4 command and service modules arrived a t  KSC in 
December 1966. The spacecra-ft underwent preliminary checkout 
in the Manned Spacecraft Operations Building (MSOB) before it 
was mated to I t s  adapter and moved to the VAB Jan. 12, 1967, 

Following some preliminary tests, the Apollo 4 spacecraft 
was taken down in February and returned to the MSOB checkout 
area at KSC where the electrical wiring system was modified 
and reverified as a r e s u l t  of the ApoLlo 204 accident 
investigation. 

The S-XI stage was de-mated from the  "stack" June J when 
some hairline cracks were discovered in the seams of a follon- 
on S-11 stage undergoing checkout preparations at the  contractor 
plant  in Seal Beach, C a l i f .  A serles of X-ray and dye penetrant 
tests were conducted. No major discrepancies were found and the 
stage was re-erected June 20. 



A series of launch vehicle  combined systems tests followed 
before the spacecraft was brought ta the VA13 and e l ec t r i ca l ly  
mated to the  launch vehicle J u l y  24. Combined tests of the 
overall space vehic le  were now ~ e a d y  to begin. 

Checks of the space vehfcle  emergency de tec t ion  system and 
a series of srrnulated countdown and f l i g h t  operations were made -- 
fkrst with the umbilical connections intact (plugs in) and then 
with the  umbilicals releasing at  simulated lif tuff (plugs o u t ) ,  
V e r i f i c a t i o n  of the  launch vehkcle swing a m  performance and a 
final simulated fll&t test were held before the launch veh lc le  
retro and ullage rockets and t h e  launch escape tower were installed. 

Because of t he  tremendous complexity of the Apollo 4 space 
vehicle, Radio Corporation of America 110 A computers and d i g i t a l  
data  techniques are used throughout  the automatic checkout from 
t h e  time the launch vehicle is erected in the  VAB through Liftoff. 
A similar b u t  separate computer operation called ACE/SC (Accep- 

tance Checkout ~qu3pment/~pacecraft) is used to v e r i f y  the f l i g h t  
readiness of the spacecraft systems. 

Rollout of the Apollo 4 was bug. 26 when the 363-foot space 
vehicle and i t s  mobile launcher were t r anspor t ed  3.5 m i l e s  f rom 
the Vehicle Assembly B u i l d i n g  t o  Pad A aboard t h e  Transporter. 

After t h e  space vehicle and Mobile Launcher were mated to 
t he  pad, the computer data links that were disconnected for t he  
r o l l o u t  were again hooked up between Apollo 4 and t h e  Munch 
Con t ro l  Center. 

The same Transporter used to carry t h e  space vehicle t o  the 
pad moved the Mobile Service S t r u c t u r e  (MSS) i n t o  p o s i t i o n  bug. 28,  
The MSS permits 360-degree access t o  the launch velzicle and space- 
craft dur ing  the final weeks of preparation. 

Ground support equipment (GSE) , such as communications clr- 
cuftry, pneumatic and p r o p e l l a n t  l ines ,  environmental c o n t r o l s  
and e l e c t r i c a l  power supply lines were connected, power was ap- 
p l t e d  to the veh ic l e ,  and control and monitor Links were verified. 

B u n c h  vehicle propellant loading t e s t s  and spacecraft sys- 
tems verification checks were completed, leading up to the next 
major  milestone -- the countdown demonstration t e s t  ( c D ~ ) .  

The CDIYI', whFch takes place  about three weeks before  launch, 
is a complete "dress rehearsal'' of the ac tua l  countdawn, includ- 
i n g  p rope l l an t  Load-ing, The t e s t  ends just before engine i g n i t i o n .  

Prior t o  e n t e r i n g  the countdown phase, a f i n a l  flight readi- 
ness test [FRT) is conducted to i n s u r e  a l l  elements of the m4ssion 
axle ready. 



The FRT c o n s i s t s  of a s e r i e s  of sequence t e s t s  i n  p a r a l l e l  
with t h e  a c t u a l  countdown and i n - f l i g h t  operat ions.  Tracking 
s t a t i o n s  of t h e  Eastern Test  Range and t h e  Mission Control Cen- 
t e r ,  Manned Spacecm,.f t Center, Houston, p a r t i c i p a t e .  

When t h e  unfueled veh ic le  a r r i v e s  a t  t h e  pad, it weighs 
approxlmately 515,000 pounds. A t  l i f t o f f  t h e  veh ic le  w i l l  weigh 
more t h a n  s i x  m i l l i o n  pounds. 

APOLLO 4 COUNTDOWN 

The clock f o r  t h e  Apollo 4 countdown w i l l  s ta r t  a t  T-4-9 
hours.  Two b u i l t - i n  holds, t o t a l l i n g  seven hours durat ion,  a r e  
inc luded i n  t h e  count. Following a r e  some of t h e  h i g h l i g h t s  of 
t h e  count. 

T-49 h r s .  -- Power up launch vehic le .  S t a r t  countdown, 

T-46 t o  T-39 -- Spacecraf t  helium serv ic ing .  Third s t age  
h r s  . a u x i l i a r y  propulsion systems checks. 

T-38:30 h r s .  -- S t a r t  spacec ra f t  f u e l  c e l l  a c t i v a t i o n ,  

T-33 :30 hrs .  -- Load spacec ra f t  f u e l  c e l l  cryogenic 
( l i q u i d  oxygen and l i q u i d  hydrogen) 

T-21:30 h r s .  -- I n s t a l l  space veh ic le  f l i g h t  b a t t e r i e s .  

T-16 :00 hrs .  -- Range Safe ty  checks. 

T-13:30 h r s .  -- Launch veh ic le  power t r a n s f e r  t e s t .  

T-11:30 h r s .  -- Space veh ic le  emergency d e t e c t i o n  system 
t e s t .  

T-ll:00 h r s ,  -- Remove mobile s e r v i c e  s t r u c t u r e  t o  park 
p o s i t i o n .  

T-9 : 15 h r s  . -- I n s t a l l  launch veh ic le  d e s t r u c t  packages. 

T-9 :00 h r s  , -- Spacecraf t  c loseout  -- 2.5 hour operat ion.  
Spacecraf t  switch l i s t  v e r i f i c a t i o n ,  f i n a l  
cabin inspect ion ,  environmental c o n t r o l  
system checks, hatch i n s t a l l a t i o n ,  and 
cabin l eak  checks. 

T-6 : 45 h r s  . -- Retrac t  Apollo spacec ra f t  access  arm. 

T-6 :30 hrs .  -- S t a r t  six-hour b u i l t - i n  hold. 

T-6:30 hrs .  -- Resume count - Prepara t ion  f o r  launch ve- 
h i c l e  p rope l l an t  loading. 

T-5 :25 h r s .  -- S t a r t  t h i r d  s t a g e  (s-IVB) l i q u i d  oxygen 
?.oading . 

T-4 :25 hrs . -- S t a r t  second s t a g e  (s-11) l i q u i d  oxygen 
loading. 



T-4:00 hrs. -- Start 90-minute b u i l t - i n  hold to complete 
3-11 liquid owgen load. 

T-4:OO hrs. -- Reswne count. Start second stage (s-11) 
l i q u i d  oxygen load. 

T-3:30 hrs. -- Start first stage (s-IC) liquid oxygen 
load. 

T-2 :30 hrs . -- Start second stage (s-11) l i q u i d  hydrogen 
load. 

T-I :34 hrs .  -- Start t h i r d  stage (s-IVB) l l q u i d  hydrogen 
load.  

T-60 mins. -- Start f i n a l  launch vehicle radio f~equency  
and telemetry checks, 

T-45 mlns. -- Begin terminal countdown -- spacecraft 
flnal RF and communications checks, 

T-110 m i n s .  -- Remove mobile launcher. 

T-27 mlns. -- Power transfer t e s t .  

T-15 nfns. -- Spacecraft on l n t e r n a l  power. 

T-10 mlns. -- A r m  launch escape system. 

T-8 mins. -- Space vehicle status check. 

T-3 mfns., -- I n i t i a t e  f i r ing  command (automat~c 
10 secs, sequencer).  

T-50 sees. -- Launch vehicle power transfer to internal. 

T-8.9 secs. -- Ignition sequence starta. 

T-0 secs. -- Launch commit and liftoff. 

NOTE: These times are approximate and s u b j e c t  to change 
prior to the launch date. 

KSC LAUNCH COMPLEX 39 

U n t i l  the Apollo 4 mission, NASA's launch operations have 
a l l  been carrled out  at Cape Kennedy launch sites under the 
direction of the Kennedy Space Center. 

When the  late President Kennedy in 1961 announced the goal 
of landing astronauts on the Moon before the end of the decade, 
a suitable launch site had t o  be found to handle the 7.5 million 
pound thmst Sa tu rn  V vehicle r equ i red  for the l u n a r  flight. The 
17,000-acre Cape Kennedy tract d i d  not  of fer  su f r l c l en t  space 
f o r  such a launch site. 



A thorough study undertaken b y  NASA and t h e  Department of 
Defense showed tha t  the  best  location to launch t h e  more poner- 
f u l  Moon rockets would b e  at an 88,000-acre site on Merritt Is- 
land, nor th  and nest  of t h e  Cape. The Center was r e loca ted  at 
what was designated the Kennedy Space Center  in 1964. 

With the development of the Saturn family of l a rge  thrust 
vehicles, and the resulting requirements f o r  increased capabil l -  
ties in a l l  areas, the need f o r  a new and improved launch con- 
cept was evident. These new requirements resulted in the mobile 
launch concept introduced at Complex 39. 

The ?4obile Concept 

Since 1958, when the United States launched its f irst  satel- 
lite, the fixed launch concept has been used exclusively in all 
NASA missions. This method cal l s  f o r  assembly, checkout and 
launch of a space veh ic le  a t  one site. In addition to tying up 
the launch pad, t h i s  ll~ethad a l so  can l eave  the flight equipment 
exposed t o  the vagaries of the weather for extended periods.  

Using the  mobile concept, the space vehicle is thoroughly 
checked in an enclosed building before it is moved t o  t he  launch 
pad f o r  final preparations. This a f f o r d s  greater protection, a 
more systematic checkout process, and a high launch r a t e  in the 
f u t u r e ,  s lnce  the  pad time w i l l  be rninlmal. 

Apollo 4 I s  the first NASA rnlssion using the mobile concept. 

The major components of Complex 39 inc lude  : (I) the Vehicle 
Assembly Building (vAB) where the Apollo 4 space vehicle w a s  as- 
sembled and prepared; (2 )  the  Launch Control Center, electronic 
"brain" of the Complex; ( 3 )  the MobLle Launcher, upon which the 
Apollo 4 was erected f o r  checkout and from which it w i l l  be 
launched; (4) the Mobile Service Structure, which provtdes ex- 
t e r n a l  access t o  the Apollo/saturn V space vehicle at the  launch  
s i t e ;  (5) the Transporter which carries the space vehic le ,  i t s  
Mobile Launcher, and t h e  Mobile Service S t r u c t u r e  to the launch 
pad; (6 )  t h e  Crawlerway; and (73 the launch pad i t s e l f .  



THE VEI-ILCLE ASSXilSLY BVILDING 

The Vehicle Assembly Ei:illlding is the heaxlS of bunch 
Complex 39. Covering eight acres, It is where the 363-foot-tall 
space v e h i c l e  is assembled a n d  tested. 

The VAB contains 129,482,000 cublc  f e e t  of space. 1% i s  
716 feet long, and 513 fee t  wide and it covers 343,500 square 
reet of floor space. 

The Soundation o f  t h e  VAG r e s t s  on 4,225 s t e e l  pilings, 
each 16 Lnches in diameter, driven from 150 to 170 feet to bed- 
rock. If placed end to end, these p i l e s  would extend a dis tance  
of 123 miles. The skeletal structure of the building contains 
approxlmatcly 60,000 t ons  of s t r u c t u r a l  s teel .  The exterior is 
covered by more than a million squar*e feet of insu la ted  alumfnum 
siding. 

The bui ld lng I s  divided into a high bay area 525 feet high 
and a low bay area 210 feet high, with both areas serviced by a 
t ransfer  a i s le  f u r -  movement of vehicle stages, 

Tne low bay work area, approxfmately 442 feet  wide and 274 
feet long, contains e i g h t  stage preparation and checkout cells. 
These c e l l s  are equipped w i t h  systems to simulate stage inter- 
face and operation with o the r  stages and the instrument unit of 
the Saturn V launch vehicle .  

After the Apollo 4 launch vehicle upper stages arrived at 
the  Kennedy Space Center, they were moved t o  the  low bay of the 
VAB. Here, tile second and thlrd stages underwent acceptance and 
checkout testing p r i o r  to mating w i t h  the S-IC f i r s t  stage atop 
Mobile launcher #1 in the high bay area. 

The high bay p r o ~ i d e s  the f a c i l i t i e s  f o r  assembly and 
checkout or both the launch vehic le  and spacecraft. It conta ins  
f o u r  separate bays f o r  v e r t i c a l  assembly and checkout. At pre- 
sent, two Says are equipped, a third bay is being outfitted and 
the fou r th  will be reserved f o r  poss ib le  changes in vehicle 
coi l f igurat ion.  

Work platforms -- some as high as three-story b u i l d i n g s  -- 
in the high bays  provide access by surrounding the  launch ve- 
h i c l e  at varying levels.  Each high bay has five platfomns. Each 
platfolrn cons i s t s  of two bi-parting sections that move in from 
opposi te  sides and mate, providing a 360-degree access t a  the 
section of the space vehic le  being checked. 



A 10,000-ton-capacity air conditLoning system, sufficient 
to cool about  3,000 homes, he lps  to c o n t r o l  the environment 
w i t h i n  the en t i r e  office, laboratory, and workshop complex lo- 
cated i n s ide  t he  the low bay area of the VAB. A i r  conditioning 
is a l s o  fed to ind iv idua l  platform levels  loca ted  around the 
vehicle. 

The Mobile Iauncher a l s o  carries a chi l l ed  water system 
to assist In controlling the environment w i t h i n  the v e h i c l e  as- 
sembly area, 

There are 141 l i f t i n g  devices in the VAB, ranging from one- 
ton hoists to t w o  250-ton high-life bridge cranes. 

The Mobile launchers, carried by Transpor te r  vehicles ,  move 
in and o u t  of t h e  VAB through f o u r  doors in t he  high bay area, 
one in each of the bays. Each door is shaped like an inver ted  
T, They are 152 feet wide and 114 feet high at the base, narrow- 
ing to 76 feet in width. Total  door height  is 456 feet. 

The lower sec t ion  of each door is of the  a i rc ra f t  hangar 
t y p e  that slides horizontally on t racks,  Above t h i s  are seven 
telescop2ng v e r t i c a l  lift panels stacked one above the other, 
each 50 feet high and driven by an i n d i v i d u a l  motor.  Each panel 
slfdes over the next to create an opening large enough to permit 
passage of the Mobf le Launcher, 

These doors are designed to withstand hurricane-force winds. 
Operating time f o r  opeaing and closing is about 45 minutes.  

THE LAUNCH CONTROL CENTER 

Adjacent to t h e  VAB i s  t h e  Launch Control Center (LCC). 
This four-story s t r u c t u s e  is a radical departure from t h e  dome- 
shaped blockhouses at o thes  launch s i tes .  

The electronic "b~ain" of B u n c h  Complex 39, the LCC was 
used E o r  checkout and test operations while Apollo 4 was being 
assembled inside the  VAB. The LCC contains  display, monitor ing,  
and control equlpnent used f o r  bo th  checkout and launch operations. 

The building has teleaeter checkout s t a t i o n s  on i t s  second 
f loo r ,  and four firing rooms, one f o r  each high bay of the VAB, 
on i t s  t h i r d  f l o o r .  Three f i r i n g  rooms will contain Sdentical 
sets of control and monitoring equipment, so t ha t  launch of a 
vehicle and checkout of others may take place simultaneously. 

A high speed computer data link is provided between the 
LCC and the  Mobile launcher f o r  checkout of t h e  launch veh ic l e .  
This link can be connected to the Mobile Iauncher at e i the r  the 
VAB or at the pad. 



The three equipped f i r f n g  rooms have some 450 consoles 
which contain controls and displays required f o r  the checkout 
process. The digital data links connecting with the high bay 
areas of' the  VAB and the launch pads carry vast amounts of data 
required during checkout and launch, 

There are 15 display systems in each LCC firing room, 
with each system capable of providing d ig i t a l  information 
instantaneously. 

Sixty television cameras are positioned around the Apollo/ 
Saturn V transmitting pictures on 10 modulated channels. The 
LCC also contains 112 operational Intercommunication channels 
used by the crews in the  checkout and launch countdown. 

MOBILE LAUNCHER 

The Mobile Launcher is a transportable Launch platform and 
umbilical tower f o r  the space vehicle. 

The launch platform is a two-story s tee l  s t ruc tu re ,  25 feet 
high, 150 feet long, and 135 feet wide, which Ls posit ioned on 
six s t ee l  pedestals  22 feet high when in the VAB or at the launch 
pad. At t he  launch pad, in addition to the s i x  steel pedestals, 
four  extendable columns also are used to stiffen the  Mobile 
Launcher against rebound loads, should engine cu tof f  occur. 

The wnbilfcal tower, extending 398 feet above the  launch 
platform, is mounted on one end of the launch platform. A hammer- 
head crane at the top has a hook helght of 376 feet above the  
deck with a traverse radius of 85 feet from the center of the 
tower.  

The 12-million-pound mobile launcher stands 445 feet high 
when resting on i t s  pedestals. m e  base, c o v e ~ i n g  about half 
an acre, is a compartmented ~ t r u c t u r e  b u i l t  of 25-foot steel 
girders, 

The launch vehfcle sits over a 45-foot-square opening 
which allows an outlet f o r  engine exhausts Lnto a flame trench 
conta in ing  a flame def lector .  This openlng is l ined  with re- 
placeable steel blast shield, independent of the structure, and 
w i l l  be cooled by a water c u r t a i n  initiated two seconds a f t e r  
l i f t o f f .  

The umbilLcal tower 
servfce arms and related plumbing, cabl ing and equipment. It 
f ncorporates 18 w m k  and access platf oms, t w o  600-f eet-per- 
minute elevators, and systems for propellant  and pneumatic 
d i s t r i b u t i o n ,  communications, closed c l r c u i t  television, elec- 
trical power, i n s t m e n t a t i o n  and water. 



There are nine hydraulically-operated service arms. These 
swlng arms support  lines f o r  t h e  vehicle umbLlical systems and 
provide access for personnel to the stages. 

On the Apallo 4 nlss ion two of the se rv ice  arms (including 
the Apollo spacecraft access arm) are retracted early In the 
count. A t h i r d  is released at T-30 seconds, and a f o u r t h  at 
T-16.7 seconds. The remaining f i v e  arms are amed a t  T-0 and 
swlng back at vehicle first motion. 

The swing ams are equipped wlth a backup r e t r a c t i o n  system 
in case the prSnary mode fails. 

The Apollo 4 vehic le  is secured t a  the Mobile  Launchezl by 
f o u r  combination support and holddom arms mounkd on the launcher  
deck, The holddown arms are a one-piece casting approxbnately 
six by nine feet at the  base and 10 feet tall, weighing over 28 
tons. Damper struts secuse the vehic le  near i t s  top. 

After the engtnes are igni ted ,  the arms w L l l  hold  Apollo 4 
f o r  about s i x  seconds until the  engines b u i l d  up t o  95 per cent 
thrust and other monitored systems indicate they are functioning 
properly. The arms release on receipt of a launch commit s i g n a l  
at the zero mark in the count ,  

Three tail servfce masts are connected t o  the base of the  
vehicle. They carry umbilical connections for environmelztal 
control of the S-IC boa t t a i l  area, RP-1 f u e l  loading, and emer- 
gency draining of the first stage liquid oxygen supply. 

The six-million-pound Transporters, the largest tracked 
vehicles known, move Mobile Launchers i n t o  the VAB and bio5ile 
munchers w L t h  assembled Apollo space vchfc les  t o  the  launch pad. 
They a l s o  are used to t ransfer  the Mobile Serv ice  to and from t he  
launch pads. 

The f irst  operat ional  t e s t  of t he  Transporter  came in May 
1966, during the rollout of the Apollo/~aturn 500F f a c i l i t y  model. 
The half-million-pound Saturn V model and 12-million-pound Mo- 
b i l e  launcher were t ransported 3.5 miles t o  Munch Pad A. The 
500F was used a t  the pad to v e r i f y  launch facilLties, develop 
and t e s t  checkout procedures, and t r a i n  launch crews, 

On June 8 ,  1966, when a hurricane threatened the K S C  area, 
the Transporter moved t he  5ODF back i n t o  the 'JAB until the stom 
threat  passed. 



The Transporter is 131 feet long and 114 feet wide. The 
veh ic le  moves on f o ~ r  double-tracked crawlers, each 10 feet high 
and 40 feet long. mch shoe on the crawler tracks seven fee t  
s i x  inches in length and weighs about a ton. 

Sixteen traction motors powered by f o u r  1,000-kilowatt 
generators, which in t u r n  are d r iven  by two 2,750-horsepower 
diese l  engines, provide the motive power f o r  Transporter. Two 
750-kw generators, d ~ i v e n  by two 1,065 -horsepower diesel engines, 
power the Jacking, stee~ing, l ight ing,  ventilating and electronic 
systems. 

Maximum speed of the Transporter 1s about one-mile-per-hour 
loaded and about two-miles-per-hour unloaded. A trip from the 
pad with a Mobile L a u ~ c h e r ,  made at less than maxTmm speed, takes 
approx3mately seven hours. 

The Transporter has a system designed to keep the top of the  
space vehic le  ve r t i ca l  wf th in  plus-or-minus 10 minutes of are -- 
about the dimmesilons of a baske tba l l .  

Thls system also provides level lng operations required to 
negotiate the  five per cent ramp which leads t o  the  launch pad, 
and keeps the load l e v e l  when it is raised and lowered on pedes- 
ta ls  both  at t he  pad and wi th in  the VAB. 

The overall hefght of the Transporter is 20 feet from ground 
l eve l  t o  the top deck on which the Mobile Launcher is mated f o r  
t ranspor ta t ion .  The deck is f l a t  and about the  size of a base- 
ball diamond (90 by 90 feet) . 

Two operator control cabs, one at each end of the chassis 
located diagonally opposite each other ,  provide totally enclosed 
statlons from which all operating and con t ro l  func t ions  are 
coordinated. 

The Transporter moves on a roadway 131 feet wide, divided 
by a median s t r i p .  This is almost as broad as an eight-lane 
turnpike and is designed to accommodate a combined weight of 
abou t  18 m i l l i o n  pounds. 

The roadway is b u i l t  in three layers d t h  an average depth 
of seven feet. The roadway base layer is two-and-one-half feet 
of h~draulec fill compacted to 95 per cent density.  The next layer 
consists of three feet of crushed rock packed t o  maximum density, 
followed by a layer of one foot of selected hydraulic fill. The 
bed is topped and sealed with an asphalt prime coa t .  

On top of the three layers I s  a cover of r i v e r  rock, eight 
inches deep on the curves and s i x  inches deep on the straightway. 
This layer reduces the frfction dur ing  steering and helps dis- 
tribute the load on the  Transporter bearings. 



THE MOBILE SERVICE STRUCTURE: 

A 402-foot-tall, 9.8-million-pound tower is used to service 
the  Apollo launch vehicle  and spacecraft at the pad. The 40- 
story steel-trussed tower, ca l led a Mobile ServLce Structure ,  
provides 360-degree platform access t o  both the Saturn  vehicle 
and the Apollo spacecraft, 

The service structure has five platforms -- two self- 
propelled and three fixed, bu t  relocatable. Two high-rise ele- 
vators carry personnel and equipment between work platforms. The 
platforms have the capabi l i ty  of opening and closing around the 
363-foot space vehicle. 

After depositing the Mobile Launcher with its space vehicle 
on the pad, the Transporter r e t u r n s  to a parking area about 7,000 
feet f r o m  the pad. There it picks up the  Mobile Service Struc- 
t u r e  and movea it to the launch pad. A t  the  pad, the hugh tower 
is lowered and secured to four mount mechanisms. 

The top three work platforms are located in fixed pos i t ions  
which serve the lunar module, the service module, the command 
module and the launch escape system of the Apollo spacecraft.  

The two lower platforms serve the Sa tu rn  V and can be moved 
vertically. 

The Mobile Service S t r u c t u r e  remains In p o s i t i o n  until 
about T-6 hours when it is removed from i t s  mounts and returned 
to the parking area. 

WATER DELUGE SYSTEM 

A water deluge system will provide a million gallons of 
industrial water f o r  cooling and firs prevention durLng launch 
of Apollo 4. Once the service arms are retracted at l i f t o f f ,  
a spray system w i l l  come on to cool these arms from the heat o f  
t he  five Saturn F-1 engines during l i f t o f f ,  

On the deck of t he  Mobile launcher are 29 water nozzles. 
This deck deluge w i l l  start Immediately aftes l f f t o f f  and will 
pour across the face of the  launcher f o r  30 seconds at t he  rate 
of 50,000 gallons-per-minute. After  3O seconds, the flow will 
be reduced to 20, OUQ gallons-per-minute. 

Positioned on both sides of the flame trench are a series 
of nozzles which w i l l  begin pouring water at 8,030 gallons-per- 
minute, 10 seconds before liftoff. T h i s  water will be directed 
over t h e  flame deflector.  

Other f lush mounted nozzles, posi t ioned around the pad, w i l l  
wash away any fluid spi l ;  as a p r o t e c t i o n  against fire hazards. 



FLAME TRENCH AND DEFLECTOR 

The flame trench is 58 feet wide and approximately SIX feet 
above mean sea level at the  base. The helght of the trench and 
deflector is approximately 42 feet. 

The flame deflector weighs about 1.3 m i l l i o n  pounds and is 
stored outside the flame t rench on rafls. When it is moved be- 
neath t he  launcher, it i s  raised hydraulically Into pos i t ion .  
The def lec to r  is covered with a four-and-one-half-inch thickness 
of refractoxy concrete cons is t ing  of a volcanic ash aggregate 
and a calcium aluminate binder. The heat and blast of the engines 
are expected t o  wear about three-quartess of  an inch ffom t h i s  
refractory surface d u r i n g  the  Apollo 4 launch. 

PAD AREAS 

Both Pad A and Pad 3 of Launch Complex 39 are roughly octag- 
onal in shape and cover about one f o u r t h  of a square m i l e  of 
terraln, 

The center of the pad is a hardstand constructed of heavily 
yeinforced concrete, I n  addition to supporting the weight of the 
Mobile Iauncher and t he  Saturn V vehicle ,  it also must support 
the 9.8-million-pound Mobile Service Stmxcture and 5.5-mlll3on- 
pound Transporter, all at the same twe. 

Saturn V propellants -- liquid oxygen, l i q u i d  hydrogen, and 
RP-1 -- are stored near the  pad perimeter. 

Stainless steel, vacuum-jacketed pipes carry the liquid 
oxygen (LOX) and liquid hydrogen from the storage tanks to the  
pad, up the Mobile Launcher, and finally i n t o  t h e  launch vehicle 
propellant tanks. 

LOX is supplied from a 900,000-gallon storage tank. A cen- 
trifugal pump with a discharge pressure of 320 poundw-per-square- 
inch pumps LOX to the vehicle at flow rates as high as 10,000- 
gallons-per-minute . 

Liquid hydrogen, used in the second and t h i r d  stages, is 
s tored in an 850,000-gallon tank, and is s e n t  through 1,500 feet 
of 10-inch, vacuum-jacketed invar p i p e .  A vaporizing heat ex- 
changer pressurizes the  storage tank to 60 p s i  f o r  a 10,000- 
gallons-per-minute flow rate. 

The RP-I f u e l ,  a high grade of kerosene is stored in three 
tanks -- each w i t h  a capacity of 85,000 gallons. It I s  pumped 
at a rate or 2,000 gallons-per-minute at 175 psig. 



The Complex 39 pneumatic system includes a converter- 
compressor facility, a pad high-pressure gas storage battery, 
a high-pressure storage battery in the VAE, low and high- 
pressure, cross-country supply lines, high-pressure hydrogen 
storzge and conversion equipment, and pad dLstribution piping 
t o  pneumatic contro l  panels. The var ious  purging systems re- 
quire 187,000 pounds of l l q u i d  nitrogen and 21,000 gallons of 
helium. 
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M I S S I O N  PROFILE 

b u n c h  of Apollo 4 w f l l  be from Pad A of Launch Complex 
39 at the Kennedy Space Center, Earliest l i f t o f f  is 7 a.m. EST 
and the latest time is 12 noon EST on date of launch. Flight 
azimuth is 72 degrees f r o m  t m e  north. 

F l i g h t  Profile arld Sequence of Events 

F l i g h t  Prof iLe 

The first stage of the Saturn V w i l l  carry the vehicle 
and Apol lo  spacecraft  to an altitude of 33.5 nautical (38.5 
statute) miles and 47.5 n a u t i c a l  54.9 s t a t u t e )  miles downrange, 
b u l l d i n g  up speed t o  5,300 knots I 6,100 rnlles-per-hour) dur ing  
i ts  25 minutes  of powered fllght. " After separation from the 
second stage, the first stage will. continue on a b a l l i s t i c  tra- 
jectory that 1d1l let f t  fa31 into the Atlantic Ocean some 340 
n a u t i c a l  (391 s t a tu te )  miles downrange from Cape Kennedy (lati- 
tude 30.2 deg~lees North and long i tude  74.3 degrees West) about 
nine minutes af te r  l i f t o f f ,  

The second stage, with engices running 6.1 minutes ,  will 
propel the v e h i c l e  t o  an a l t i t u d e  of about 101 n a u t i c a l  (117 
statute) miles some 810 n a u t i c a l  (935 statute) miles downrange, 
bu i ld ing  velocity to 13,300 knots (15,300 s ta tu te )  miles-per- 
hour (space f i x e d  velocity). The spent second stage w i l l  Lm- 
pact the Atlantlc Ocean about 20 m i n u t e s  after l i f t o f f  some 
2,260 nau t i c a l  (2,600 statute)  miles from KSC, approximately at 
l a t i t u d e  31,8 degrees North and longitude 36.8 degrees West, 

The third stage, in i t s  136-second i n i t i a l  burn period, 
will place itself and the Apollo spacecraft into a c i r c u l a r  o r b i t  
101 nautical (117 statute) miles above the Earth. Its inclina- 
t j o n  w i l l  b e  32.73 degrees and i t s  o r b i t a l  period 88.2 mlnutes .  
Apollo 4 enters orbit at 55 degrees West longitude, 32.6 degrees 
North latitude at a velocity of 25,568 feet-per-second 17,500 
statute miles-per-hour, or 15,200 knots .  

During the two revolut ions  of Ear th  parking o r b i t ,  the 
Saturn V t h i r d  stage w i l l  mainta in  an orb i t a l  p i t ch  rate to 
keep the spacecraft and t h i r d  stage i n  an a t t i t u d e  which would 
place a crew heads down, facing forward into the line of f l i g h t  
if the mission were manned. No major propulsion systems are 
used during the Earth parklng phase, but low-level ullage and 
venting thrust from the Saturn V t h i r d  stage will cause small 
changes in the  o r b i t .  



Second Third-Stare W ~ r n  

When the  spacecraft passes over t h e  western  coas t  or the 
United States o n  the ~ecor ,d  r k a ~ o l ~ r t i e n ,  t h e  p-seignit ion sequence 
will begin f o r  the second burr zf the Sa tu rn  V thkrd stage. Time 
from l i f t o f f  will be about tkrt.? hours and six rnintltes, about s i x  
minutes before thi~ct-stage Ig:?i t ion.  

The stage w i l l  maneuver at rates of one degree-per-second 
to reach a predetemined a l i g r m e n t  f o r  the  Slim. The b u l > r  is de- 
signed to achieve an Earth-intersecting coast  e l l i p s e  with a 
30.15 -degree Inc l inaf ; ion ,  a g3300 -nautical-mile apogee (10 ;110 
statute-mile) an en t ry  f l i g h t  path angle of 9-15 degrees down 
from l o c a l  h o r i z o n t a l ,  and an entry p o i n t  at 20.8 degrees North 
latftude and 157 degrees E a s t  longitude. 

The trajectory meets requirements f o r  a f our-hour spacecraft 
cold-soak and results in an entry  load f a c t o r  of about  l".7 g to 
insure a moderately high entry heat rate t e s t  In the evc,?k of a 
servfce propulsion system (SPS) f a i l u re .  

The predetermined a t t i t u d e  f o r  this burn is a pf t c h  angle  
of -40.08 degrees and a yaw angle of 14.85 measured I n  t h e  launch 
s i t e  i n e r t i a l  reference system. 

Engine b u m  is based on nomlnal f u e l  depletion, and is eati- 
mated at 305 seconds. At engine cutof f ,  the spacecraft a t t i t u d e  
is 57.7 degrees p i t ch  and 17.04 degrees yaw. 

Orbital  Coast and Cold-Soak 

After thLrd-stage cutoff, the spacecraft is or ien ted  rela- 
t i v e  to t h e  Sun so that  the thick side of t h e  command module heat 
s h i e l d  Ts in shadow. The cold-soak a t t i t u d e  is held u n t i l  the 
start of the preignition sequencing f o r  t h e  f irst  service pro- 
p u l s i o n  system b u m  and through the coast phase fallowing that 
burn. 

Ten m i n u t e s  af ter  third-stage engine c u t o f f ,  a programmed 
separation signal 1 s  fed I n t o  the Apollo g1.idance computer (AGc) 
to i n i t i a t e  separation of the command and service modules fsom 
the Saturn V third s tage .  The Apolio Guidance Computer i n i t i a t e s  
a s e r v i c e  module r e ac t i on  c o n t r o l  system burn t o  achieve a fo r -  
ward thmst. After 1.7 seconds of thrusting, the spacecraft and 
the launch veh ic le  third stage separate. 3eac t ion  c o n t r o l  system 
thrusting cunt lnues f a r  another  8,3 seconds t o  separate the ve- 
hicles  at a rate o r  a b o u t  two feet-pe~-secor1d, 

The t h i r d  stage is expected to reenter over the Pacffic 
about  f o u r  and one-half hours  af t@? seperation. 



A t  thrust termination, t h e  command and sesvice module begins 
a 26-second r eo r i en t a t i on  maneuver from the cold-soak a t t i t u d e  to 
an a t t i t u d e  f o r  service propulsion system i g n i t i o n .  A 64-second 
a t t f t u d e - h o l d  phase follows. Since there is no f u r t h e r  thrust- 
i n g  during the at t i tude-hold  phase, the  mission requirement f o r  
a no-ullage start of the service propuls ion system 9s met, 

First Burn 

I g n i t i o n  attitude for the f irst  service propulsion system 
burn is p i t c h  up abou t  28 degrees from the inertial v e l o c i t y  vec- 
t o r ,  or 56 degyees from the l o c a l  horizontal. 'She burn w i l l  l a s t  
16 seconds and will r e s u l t  I n  an apo ee of 9,890 nautical mfles 
(11,400 statute miles),  a perigee of -&3 nau t i c a l  miles (-49.5 
statute miles). I n c l i n a t i o n  will be 30.13 degrees. Reentry 
velocity and f l i g h t  path angle, in the event the second service 
propulsion system ignition does n o t  occur, wL13 be 32,312 feet- 
Per -second and 8.75 degrees down from the l o c a l  horizontal with 
a resultant maximum load f a c t o r  of 16 g .  

Insertion into this new e l l ipse  w i l l  occur about 12.15 de- 
grees North l a t i t u d e ,  19.35 degrees West longftude at service 
propulsion system engine cutoff three hours and 29 minutes after 
l i f t o f f .  

Earth Intersecting Coast 

After service propulsion system cutoff ,  the spacecraft 
initiates a programed r e o r i e n t a t i o n  maneuver t o  reestablish t h e  
cold-soak a t t i t u d e .  This is a nominal 26-second maneuver. A t  
this same tilme, the Apollo guidance computer begins calculation 
of t h e  time of free fall t o  reentry (400,000 feet). The coast 
phase ends 25 minutes  before  reentry. 

About two hours and 20 mlnutes  a f t e r  ae rv rce  p ropu l s ion  
system cu to f f  -- five hours  and 49 mlnutes  a f t e r  llftoff -- the 
spacecraft reaches apogee and begins i t s  descent. The coast 
phase dl1 end about t w o  hours LO m i n u t e s  a f t e r  apogee. A t  this 
time Carnarvon, Australia, ground st a t i o n  w i l l  update the Apollo 
guidance computer with spacecraft p o s i t i o n ,  v e l o c i t y  and time of 
free fall t o  reent ry .  

Some two minutes after t h i s  upda te  is received the Apollo 
guidance computer schedules the second service propulsion system 
i g n i t i o n  for two minutes later. When t i m e  of f r e e  fall t o  re- 
e n t r y  reaches 599.6 seconds, the command and service module re- 
action control system begins a 30-second u l l a g e  maneuver, which 
is followed immediately by service propulsion system I g n i t i o n .  
Time from first  s e r v i c e  propuls ion system cutoff is some f o u r  
hours 46 minutes, from liftoff eight hours 15 minutes. 



Second Serv ice  P r o p u l s l o ~ .  System Burp- 

The second burn of the service  p r o p u l s i o n  system is de- 
signed to achieve a reentry veloclty of' 36,333 feet-per-second 
(25,000 statute miles-per-hour, 21,800 kno t s )  and a Plight path 
angle 7.13 degrees below the local h o r i z o n t a l .  The b u r n  w i l l  
Last about 269 seconds, I g n i t i o n  attitude is about 25.5 degrees 
below the  i n e r t i a l  ve loc i t y  vec tor ,  o r  48.5 down from t h e  l o c a l  
hor i zon ta l ,  in p i t c h .  

Reentra Seauence 

A t  service propulsion system cutoff, about 240 seconds remain 
until. reentry begins (~0,000-f ee t - a l t i t u d e  ) . During t h i s  period 
the command module and service module separat ion and the command 
module reentry a t t i t u d e  orientation maneuvers w i l l  be performed. 
The maneuvers occur  over the West P a c l f i c  wlthin the Guam area of 
coverage. 

When time of free f a l l  t o  reent ry  equals 200 seco~ds ,  t h e  
spacecraft will reor ien t  itself with the +X axis 60 degrees above 
the  i n e r t i a l  velocity vector. The attitude is such that a crew 
would be heads up and facing forward. This a t t i t u d e  remains 
constant u n t l l  time of  f r ee  f a l l  to reentry becomes 25 seconds. 
A t  that time, physical separation occurs  wi th  t h e  f o l ~ r  service  
module reaction control system forward-firing t h r u s t e r s  provid-  
i n g  a rearward push t o  t he  service module. The t h r u s t e r s  fire 
until react i o n  contrrel sys tern p r o p e l l a n t  dep le t  Lon. 

Nominal splashdown f o r  the servlce module (spin-stabilized, 
non-tumbling reentry) w i l l  be about e igh t  h o u ~ s  and 41 m i n u t e s  
after liftoff -- 15 minutes  15 seconds af te r  separation -- 23.8 
Narth latitude and 378.2 East long i tude .  

Allowing about five seconds a f t e r  separat ion for  command 
module stabillzalion, the guidance and navigation system wf 11 
reorfent the spacecraft t o  t he  predetermined reentry a t t i t u d e .  
Thls a t t i t u d e  is 154.8 degrees angle of a t tack  with  t h e  relative 
velocity vec tor ,  with t he  lLft vec to r  up. A crew would be heads 
down, facing rearward, 

Reentry, considered as beginning when the  spacecraft reaches 
b0,000 feet a l t i t u d e ,  w i l l  occur about  e igh t  hours  and 23 minu te s  
after liftoff at 22.3 degrees North l a t i t u d e  and 152.7 degrees 
East longitude with inertial velocity of 36,333 S'eet-per-second 
(25,000 statute miles-per-hour) and an i n e r t i a l  flight path  angle 
of 7.13 degrees below the l oca l  horizontal. Applying a nominal 
command module lift-to-drag ( L over D) ratio of 0.35 to the 
reent~y pro f i l e ,  the splash poknt w i l l  be 30.05 degrees North 
latitude and 171.0 degrees West longitude, some 2,000 nau t i c a l  
miles (2,300 statute miles) downrange rrom reent ry .  



This reentry provides t h e  c r i t e r i a  for certification of 
the  command module heat sh-ield. Those criteria are a maximum 
reentry heat rate of 568 B r i t i s h  Thermal Units (BTU) per-square- 
f oot-second, a total heat load of 35,7140 BTU per-square-f oot,  
and a maximum reentry load factor of 8.28 g ,  The maxFmum heat 
rate w i l l .  be encountered about  59 seconds arter anormal reentry, 
maximum load about 72 seconds after reentry. 

Communications blackout  w i l l  occur some 26 seconds after 
reentry and w i l l  last about 108 seconds. Blackout is referenced 
to C-band t r ack ing ,  I)rogue parachute deployment takes place 14 
minu te s  and 24 seconds af te r  r e e n t r y  a t  an altitude of 23,500 
feet, main parachute deployment TO seconds later at 10,200 feet. 
Splashdown f o r  a nominal mission w i l l  be eight hours 43 minutes 
a f te r  Liftoff at 30.5 degrees North l a t i t u d e  and 71.0 degrees 
West longitude, o r  some 540 nau t l c a l  m i l e s  (622 statute miles) 
northwest of the Kauai, Karvaii, tracking s t a t i o n .  



S p A r C r n A  p- - OORDINATE SYSTEM 

FLIGHT AZIMUTH 

MUNCH SITE I NERTl A t  ATTITUDE REFERENCE SYSTEM 
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APOLLO 4 RECOVERY 

The ApoLlo 4 missSon l a ~ d i n g  area is in the mid-Pac i f i c  
near Hawail (zone 4). 

Sea and air recovery v e h i c l e s  and crews are provided by 
t h e  Department of Defense. Deployment of forces,  and techniques 
of search a;ld recovery, will follow those used du r ing  previous 
Apollo missions .  

The normal recovery p l a n  calls f o r  l and ing  du r ing  dayllght 
hours. Recovery aids ac t iva ted  just before and after l a n d i n g  
will, however, asxlst recovery crews i n  loca t lng  the spacecraft 
in darkness as w e l l  as daylight. 

Abort Recovery 

Mode 1 abor ts  using t h e  launch escape system occur "off-the- 
pad" p r i o r  to or at l i f t o f f ,  at 'Tow a l t f t u d e "  (to 120,000 feet) 
and at '"high a l t i t u d e "  (above 120,000 f e e t ) .  After l aunch  escape 
system j e t t i s o n  173 seconds after l i f t o f f ,  Mode 2 abort is ac- 
complished by a full-lift reent ry  after a servlce module r e a c t i o n  
con t r a1  system separation maneuver, 

Some 14 seconds a f t e r  an off-the-pad -- or an extremely low 
a l t i t u d e  abort is i n i t i a t e d  -- the launch escape system is j e t t i -  
soned fsom t h e  command module. A t  hlgher altitudes, it is j e t t i -  
soned a t  24,000 feet, 

Sequencing of the  Earth l a n d i n g  system (ELS) is t h e  same as 
for landing a f t e r  o r b i t a l  flight. 

Boundaries of the launch abort landlng corridor, beyond the 
launch site l anding  area immediately sur round1  ng the launch pad, 
are the most extreme l aunch  azimuth ground tracks anticipated. 
S p o t t i n g  of recovery forces  w i t h i n  t h i s  corridor is based on the 
probabi l i ty  of a landlng in o r  near each particular area. 

Access t-e to abort landing p o i n t s  is greater for some 
areas in the abor t  corridor than f o r  t h e  planned Landing zone 
f o r  o r b i t a l  flight, Airc ra f t  access time of' no more than f o u r  
hours t o  any polnt in t h e  abor t  corridor is probable, however, 

Atlantic Recovery Forces 

Stationed downrange in the Atlantic in t h e  300-M0-mile 
range from Cape Kennedy will be recovery ships and planes to 
locate and r ecove r  two camera capsules and to serve as a space- 
c ra f t  recovery team if t h e r e  shou ld  be an aborted misslon. 

A secondary requ i rement  will be t h e  s i g h t i n g  and recovery, 
if possible ,  of the S-IC booster  or any p o r t i o n  surviving re- 
e n t r y  and impact, 





An LPD (landing p l a t f o m  dock)  w i l l  be i n  the immediate 
area in which the cameras and boos te r  are expected to impact. 
Helicopters launched from the ship's h e l i p o r t  will search f o r  
the  camera capsules  e j e c t e d  some 38 seconds after first and 
second-stage first-plane separation, Smpact poin t  shou ld  b e  
some 470 miles from t h e  launch site. 

These personnel and those  in Afr Force planes in the area 
w i l l  also attempt to sight t h e  boos te r  and photograph the im- 
pact. Should any p o r t i o n  of the  booster s u r v i v e  the h p a c t  
and f loa t ,  the  LPD w i l l  attempt a recovery. Two Marshall cen- 
ter representatives will be on the  ship t o  i d e n t i f y  components 
and decide if they may be safely recovered. The W D %  loweer 
s e c t i o n  may be flooded to allow large sections to be hauled 
aboard. Should t h e  draft of any f loa t ing  component be too 
great f o r  the ship, a l ternate  procedures call f o r  towing it 
t o  the nearest land and beaching the component. 

The booster  reentry sighting-and-recovery exercise is 
being conducted t o  support  an advanced mlssions study on re- 
cover ing  and r e f u r b i s h i n g  large space veh ic l e s .  



M I S S I O I J  CONTROL CENTER - HOUSTON (MCC-H)  

The Mission Cont ro l  Center at t h e  Manned Spacecraft C e n t e r  
in Houston w i l l  be t h e  f o c a l  p o i n t  f o r  all Apollo f l i g h t  c o ~ t r o l  
activf t i es .  I n  perf omnine; the cor i t rol  f unc t i on ,  and determining 
t h e  progress of t h e  flight, the Mlssion Control  Center - ?louston 
w i l l  receive t racklng and telemetry data from the Manned Space 
Flight Network. This  data w i l l  be processed through the 14lssion 
Cont ro l  Center  - Houston Real-Time Computer Complex (RTCC-B) and 
used to drLve displays f o r  t h e  rlight controllers and engineers 
in the Mlssion Operations Cont ro l  Room and Staff' Support  ~ o o m s .  
Real-time spacecraft television w i l l  be received at the Mission 
Control Center - Houston from the  Cape Kennedy area. 

A portion of the Mission Control Center - Houston flight 
control responsibility w i l l  be delegated t o  the flight c o n t r o l  
teams from Houston which will be manning three of t h e  Manned 
Space F l i g h t  Network stations. These teams will have display 
and comunlca t ions  capabi l i t i es  which w i l l  permkt them t o  operate  

I !  somewhat Independently os "remote, in network terminology. mr- 
i n g  the  time these stations are operating remote, telemetry data  
will be transmitted t o  the Mission Control Center - Houston in 
teletype form only.  Spacecraft commands a l s o  may be i n i t i a t e d  
from t h e  remote stations by t h e  flight c o n t r o l  team Located there.  

THE MANNED SPACE FLIGHT NETWORK. (MSFN) 

Ground Systems f o r  Spacecraft Guidance, Command and Cont ro l  

The Manned Space F l l g h t  Network is an  around-the-world ex- 
tension of the  Mission Control Center" moni to r ing  and command 
c o n t r o l  capabilities. Apollo 4 w i l l  demonstrate the :~etwork~s 
abLlLty to provide the  F l i g h t  D l rec t  o r  complete navigational and 
mission event  control through i ts  global remote f a c i l i t i e s .  

Geographically, the  Manned Space Flight Network for Apol lo  
is similar to the configuration employed in both  Projects Mer- 
cury and Gemini. As the magnitude and technology of P r o j e c t  
Apollo Lncreased, t h e  worldwide ground systems1 sophistication 
increased t o  flll Apollo8s greater needs. 

New Deve 1 o~me nt s 

Extensive  a l te ra t ions  have been made to network equipment 
t o  accommodate the greater volumes of a s k r o ~ a u t  and spacecraft 
information to be exchanged w i t h  ground stations over longer 
periods of' time. A higher degree of reliability has a l so  been 
incorporated i n t o  the network by designing redundancy where 
necessary. 





Why? 

Apal lo  spacecraft weight, space limitations, miss ion  dur-  
a t i o n  and distance demanded a more  compact t racking/comnica-  
tions system of greater power, flexibility and reliability. 
Out of these requirements, the Apollo Unlfled S-Band System 
(USB) was born. This system combines in a s i n g l e  t r~ insmiss ion  
several mission funct ions  previously requiring the separate systems. 

These are  : 

(a) Tracking and deteminlng f l i g h t  path and velocity 

(b) Commanding the spacecraft v ia  coded rad io  signals 

( c )  Receiving telemetry (coded radio) 

( d )  Receiving telemetry on spacecraft in tegr i ty ,  systems 
condition,  batteries, f u e l  s t a t e  and performance 

Some USB ground stations have the additional capability t o  
provide tracklng and comunica t lons  eata exchange fo r  two space- 
craft s imul taneous ly  as l ong  as both are w i t h i n  the single-beam- 
width of the antenna system. 

Sites and Status 

The Unified S-Band sites are loca ted  and -quipped fo r  the 
type d u t i e s  they perform. Ten land-based s t a t i o n s  are equipped 
with 30-foot diameter antenna systems, three with &-foot  dia- 
meter dishes. The Grand Bahama Isla2d s t a t i o n  has a transport- 
able van-mount ed sys tern with an erectable 30-f oat antenna, 

The USB systems are under  engineering evaluation, Yetwork 
experience to date has included highly successful  tests w i t h  
t he  Lunar Orbiter spacecraft in o r b i t  a r o u ~ d  t h e  Moon and on 
~pollo/~aturn 202. While prjme support  f o r  t i e  early Apollo 
f l i g h t s  will b e  through the proven Gernlni systems, the new USB 
systems wil l  again be t e s t e d  d u r i n g  Apollo 4 in a c t u a l  mission 
support by those portZons of the USE3 systems n o t  related t o  t he  
astronauts. 

As t he  new systems are pronounced f u l l y  o ~ e r a t i o n a l  and 
techniques perfected &ring successive Earth-orbi ta l  flights, 
a phase-over from the Gemini systems w i l l  be made to the USB 
systems. 



Participating Stations 

For Apollo 4, 12 NASA U S 3  stations, two Department of De- 
fense associated radar land stations, two range instrumenta- 
tion ships, and f o u r  Apollo Instrumented Aircraft (ARIA) w i l l  
provide the required tracking, data a c q u i s i t i o n  and c o m n i c a -  
t i o n s  services, 

USB S i t e s  : 

30-Ft. Antenna Si tes  85-Ft. Antenna Sites  

Antigua (ANG) . Canberra (cMB)*, Australia. 
Ascension Island (ACN) , Goldstone (GDS), Calif', 
Bermuda (BDA) . Madrid [MAD) *, Spaln. 
Canary Is land ( CYI) . 
Carnarvon (CRO) ,  Austral ia .  *Not requi red  for Apollo 4. 
Grand Bahama Island (GBM). 
G U ~  (GWM). 
Guaymas (GYM), MexSco, 
H a w a i i  (HAW).  
Merritt Is land {MIL),  la. 
Texas (TEX), Corpus Christi. 

Participating Ships : 

USNS VANGUARD-~nsertion/~njection-Atlantic. 
USNS ROSE KNOT VICTOR - Powered Flight Ship, 

The Network Support Team 

Around-the-clock control of the Manned Space F l i g h t  Network 
is maintained by a 30-man team Cper eight-hour shift) of network 
systems specia l i s t s  housed in a new and highly instrumented 
operations room at the  Goddard Space F l i g h t  Center, Greenbelt, 
Md. The operation's room titas designed especially to monitor 
every aspect of t he  worldwide network. Formerly located at the 
Mission Control Center ,  Manned Spacecraft Center, Houston (MCC-H), 
the team will continue to report i t s  status and f i n d i n g s  to the 
m i s s i o n  f lLght  director i n  the Houston MkssSon Operations Cont ro l  
Room (NOCR)  but w i l l  r e ta in  its autonomy for cheeks, balances and 
correc t ions  f o r  continuity of coverage. 

Testing the Network 

Before Apollo 4 is flown, a t o t a l  of 14 days of checking 
and testing w i l l  have been accomplished. Each network at each 
station has its own perfonnance criteria that must b e  met before  
the Kanned Space Flight ;\letwork may be pronol-lnced ready t o  par- 
tLcipate in t he  mission. 



At Goddard these  c r i t e r ia  are  s t o r e d  in a cornpl~ter memory 
system, a c l ?  s t a t i o r ;  repor ts ,  v i a  the T:ASA Commu:?ications ?Jet- 
work high-speed digital c i r c u i t s ,  its om system-by-system checks. 
These r epo r t s  are a t l tonat ica l ly  conpare2 with t h e  s to red  normal 
values. Any variation Prom the d e s i ~ c d  v a l ~ e s  is detected by t h e  
computer and a "no-go" c o n d i t i o n  ex ls ts .  If t h e r e  is no variation 
from desired norms, a "go" is r epor t ed .  The process  is repeated 
u n t i l  the test coqductor states that the  e n t i r e  r~et~gork i s  ready 
to participate. The r f tua l  is repeated for each missLon and Z s  
kncwn as CADFISS, s h o r t  f o r  Computer arid Data Flow Intezrated 
Subsystems t e s t s .  

F i n a l  Con f igu ra t i on  

When ccmpleted, t h e  Ilgollo Name? Space >light ;'JeCs7:~ork w i l l  
consist of 11 30-foot Ear th -o rb i t  U S 3  ankenrla s i t e s ;  three 85- 
f o o t  a n t e n n a  s i tes with $5-foot anSenns, bach~l ;  sites f o r  deep 
space t r a c k i n g / c o m m u n i c a t i ~  five Apollo s h i p s  and eight In- 
strumented Aircraft (ARIA) wfth USB f a c i l i t i e s ,  Three or the  
ships are equipped with 30-foot arltennas (VAKGUARD, REDSTO:JE, 
MERCURY) f o r  insertion/lnjection coverage. Two s h i p s  are equlpped 
w i t h  12-root antennas for lqeenS,ry coverage (HUI~~SVILLE:, VATERT%J?I). 
The aircraft are equipped with a seven-foot d i s h  in t he  nose. In 
add i t ion  to t h e  USB si tes l i s t ed ,  o t h e r  grotlnd statiir :s p r o v l d i ~ g  
telemetry, C-and (space ~ositfon) radar and vo ice  relay w i l l  be 
used as requi red ,  It w i l l  r e q u i r e  a mannZng erfort of some 2,000. 

Com~uters That Switch 

Computers are key components in t h i s  system, They are in 
effect, e l e c t r o n i c  traffic police me^, U?s!IVAC 642 computers at 
the USB stations s o r t  the data recefved from Apollo and r o u t e  it 
to on-stat ion d isp lays  and, vla telecommunications, t o  the Houston 
Mission Control Center ,  Tracking s t a . t l o n s  ashore and afloat are 
linked through dual UNIVAC 418 Realtime Systems t ha t  f u r l c t i o ?  as 
communications subswitchers w i t h  the control center  at Goddard, 
which is equipped with much larger UNIVAC 494 Realthne Automatic 
Switching Systems. 

Realtime Is Now 

At fraction-of-a-second intervals, the d i g i t a l  data pro- 
cessing systems, with NASA's Manned Spacecraft C e n t e ~  at Houston 
as t he  focal point ,  "talk" i n  computer digital language to each 
other, or to the  spacecraft, in realtime. 

Commands are thus sent t o  t h d  Apollo spacecraft quickly, 
even though t h e  capsule may be- thousands of rnj-les from the  con- 
t r o l  c e n t e r .  The command capabi l i ty  is needed f o r  such matters 
as control of cabin pressure, ' o rb i ta l  grridance, or "go/no goL'  
decisions. 





Before it is sent  to the spacecraft, each command is au to -  
matically checked w i t h  pre-programmed i n foma t ion  by the on- 
station computers to determine valldity and thus  guarantee that 
only t h e  correct commands are sen t  to t h e  spacecraft. 

Data On Call 

For the downward data from Apollo, sensors b u i l t  into the 
spacecraft continually sample such spacecraft parameters as c a b i n  
temperature, capsule  a t t i t u d e ,  and heatshield information. These 
data are then t ransmitted to the ground. The on-s i te  WblIVAC sys- 
tems detect  changes o r  variations f o r  comparison with s tored  data ;  
prov ide  continual displays; and assemble, keg, and s tore  data f o r  
Immediate "on-call" d isplay .  The computers process data f o r  on- 
s i t e  f l i g h t  con t ro l l e r s ,  or if controllers are no t  there, the  data 
are pu t  into form for transmission to MissLon Cont ro l  Center in 
Houston, 

More and More Data 

Each succeeding generation of the space program calls f o r  
vastly increased requirements,  During Projec t  Mercury, for ex- 
ample, the amount of network t r a f f i c  handled through the Goddard 
center was the equivalent of a standard pr in t ed  page every second. 
Apollo missLon c o n t r o l  traffic w i l l  approximately be t h a t  con- 
tained in nove l  each second, or an encyclopedia of material each 
minute. 

The Tie That Blnds - NASCOM 

Tying a l l  these sites together is the NASA Communications 
Network (NASCOM) . Headquarters at Goddard, the hub of NASA com- 
munications, NASCOM f s Automatic Communications Snitching Center  
functions as the one cen t r a l  facility through which the  Mission 
Control Center in Houston i s  Instantly connected with the world- 
wide Manned Space Fllght  Network stations. 

Through one m i l l i o n  c i r c u i t  m i l e s ,  t he  networlc provides low, 
medium, and high-speed messages along with voice-grade connections.  
C i r c u i t s  between centers  are provided by common carriers ~ n d  
l o c a l  telephone companies in many countries. 

C i r c u i t s  will be provided via two Intelsat synchronous 
comunicat ions sa te l l i t es :  one over  mid-Pacific and a second 
over mid-Atlantic, providing altesnate and backup communications 
across both oceans where only cable and radio have been available. 
The network pioneered use of satellites for space operational use 
by employment of NASA's Syncom 111 during the Gemini program. 



Reentrv Communications Blackout Studv 

For t h e  f i rs t  time IJASA scientists and engineers w i i l  have 
an oppor tuni ty  to gather i n fo rma t ion  on the  comunicatLons char- 
acteristlcs and reent~r behavior  of the Apollo spacecraft under  
ac t sa l  l u n a r  s e t u r n  c o n d i t i e ~ z s  . 
Xgh Speed Reentry 

At approximately eight hours  and 23 minutes  Into the  rnis- 
sion, the command nodule w i l l  en te r  the Earth's atmosphere after  
naving been accelerated b y  the second service propulsion system 
bur11 t o  tihe same entry velocity (36,333 feet-per-second) ex- 
pected d u r i n g  a l u n a r  mission entry. This speed is roughly 34 
t m e s  t ha t  of a militasy high-powered r i f l e b u l l e t .  

Two per iods  of communications blackout  w i l l  be experienced 
du r ing  reent ry .  The f irst  of these periods wlll be of approxi- 
mately two and one-half minutes  d u r a t i o n  beginning at 350,000 
feet, t e r m h a t i n g  a t  approximately 200,000 feet. After a four-  
m i n u t e  coast and cool-off period,  the second blackout phase of 
one and one-half m i n u t e s  begins  as the spacecraft starts its 
second descent. 

Search f o r  an Answer 

Much is known about the problem of communications blackout 
during spacecraft r e e n t q ,  b u t  Little has been discovered lead- 
i n g  to a permanent so lu t ion .  Weight and space l i m i t a t i o n s  aboard 
the spacecraft  preclude some of t h e  obvlous answers associated 
with known techniques. 

Atmospheric electrons are so d i s tu rbed  by t h e  spacecraftts 
friction-generating speed that they form a superheated envelope 
surrounding the spacecraft. Ground s t a t i o n  radio signals bounce 
o f f  this emelope. During the phenomenon, mission directors, 
flight c o n t r o l l e r s ,  communicators, and tracking s t a t i o n  person- 
n e l  have no contact wLth the  spacecraft. 

The S c i e n t i s t s  Take a Look 

During t h l s  period, Goddardls Mission Trajectory and Anal- 
ysis D i v i s i o n  w i l l  observe and record all possible data regasd- 
ing communications blackout phenomena. Observers will be sta- 
tioned aboard aircraft and ships in the western Pac i f i c  Ocean 
along the 5,000-m9le return path from Marcus Island to Hawaii. 



Focus on the  Problem 

Asslst lng in the acquisitfon of data w i l l  b e  two Range 
Instrumentation Tracking Ships and two Apollo/~ange Ins tmmenta-  
tlon Aircraft (ARIA) statfoned in the western Pacific along t he  
entry landlng path (see map). The ships w i l l .  provide radar cov- 
erage along the en t ry  trajectory in which the Apolla 4 command 
module emerges from the communications blackout  and during the 
final phase of the entry.  A R I A  aircraft  w i l l  participate p r i -  
marily f o r  performance evaluation purposes. Two ARIA a 1 1  operate 
in the Atlantic, as w i l l  t he  second Range Instrumentation Tracking 
Ship. 

A t l a n t i c  alrcraft (NOS. 1 and 2) w i l l  be a i rborne  and col- 
lecting data duri launch, the second orbit and the second 
third-stage 

PacZfic aircraft (NOS. 3 and 43 w i l l  be ai rborne  and col- 
lecting data in the Hawaii area. No. 3 w i l l  t rack the o r b i t i n g  
t h i r d  stage/spacecraft as It passes west of H a w a i i  during the 
second o r b i t .  It will then proceed to Midway Island p r i o r  to 
covering the spacecraft entry taking a pos i t ion  about 60 miles 
south of the command module landing point .  ARIA No. 4 will col- 
lect data only during entry at a p o i n t  approximately 150 nau t i ca l  
m i l e s  north of the en t ry  ground track. ARIA 5 will be uprange of 
communfcations blackout  to attempt to t rack as far into blackout 
as poss ib le  and then attempt to re-establish t rack p r i o r  t o  or 
immediately af te r  e x i t  f r o m  b lackout ,  



APOLM/SATURN PROGRAM MANAGEMENT 

Direction of the Apollo Program, the  UnZted Statest 
effort to land men on the Moon and r e t u r n  them safely t o  
Earth before 1970, is the  responsibility of the Office of 
Manned Space Flight (OMSF), Headquarters, National Aero- 
nautics and Space Administration, Washington, D.C. 

The NASA Manned Spacecraft Center (MSC ) , Houston, Texas, 
is responsible for development of the Apollo spacecraft,  
flight crew t r a i n i n g  and mission c o n t r o l .  

The NASA Marshall Space Flight Center (MSFC ) , H u n t s v i l l e ,  
Ala., is respons ib le  for development of the  Saturn launch 
vehicles. 

The NASA John F. Kennedy Space Center ( K S C ) ,  Kennedy 
Space Center, Fla., is responsible  f o r  ~pollo/~atusn launch 
ope ra t ions .  

The NASA Goddard Space Flight Center (GSFC), Greenbelt, 
Md., manages the ~ a n d e d  Space Flight Network under the over- 
a l l  d i r e c t i o n  of the NASA Headquarters Office of Tracking 
and Data Acqu i s i t i on  (OTDA). 

Dr. George E. Mueller Associate Administrator f o r  Manned 
Space Fl igh t ,  NASA Headquarters 

M a j .  Gen. Samue l  C. Phlllips Director,  Apollo Program Office,  
OMSF, NASA Headquarters 

Lee B. James Deputy Director,  Apol lo  Program 
Office,  OMSF 

Apolla Mission Director, OMSF 
NASA Headquarters 

M a j .  Gen. Jchn D. Stevenson Director, Mission Operations, 
OMSF, NASA Headquarters 

Dr. Robert 8. G l l r u t h  

George M. Low 

Disec to r ,  Manned Spacecraft 
Center, Houston 

Manager, Apollo Spacecraft Prograw 
Office, MSC 



Donald K. Slayton  Director, F l i g h t  C r e w  Operations, 
MSC 

Chrls topher  C. Kraf t ,  Jr. Director, Flight Operat ions ,  MSC 

Glynn S. Lunnsy Apo l lo  4 Flfght Direc tor ,  Flight 
Operations, MSC 

Dr. Wesnher von Braun Director, Marshall Space F l i g h t  
Center, Huntsville, Ala . 

Brig. Gen. Edmund F . 0' Connor Director, I n d u s t r i a l  Opera t ions ,  
MSFC 

Dr. A r t h u r  Rudolph 

Leland F. Belew 

Dr. K u r t  H. Debus 

Manager, Sa turn  V Psogram Officer ,  
MSFC 

Manager, Engine Frogram Off Ice, 
MSFC 

Director, John F. Kennedy Space 
Center ,  Fla. 

Rocco A .  Pet rone  Director, Launch Operations, KSC 

D?. Hans F. Gruene 

John J. Williams 

Mrector, Launch Vehicle Operations, 
K S C  
D i rec to r ,  Spacecraft  Operations, 
KSC 

Pal31 C. Dcnnelly Launch Opera t io t~s  Manager, KSC 

Edmond C. Buckley 

Nomnan Pozinsky 

Dr. John 8. Clark 

Ozro M.  Covington 

Dr. F r i e d r i c h  0, Vonbon 

Walter I. ddarns 

Associate Administrator, Tracklng 
and Data Acgu i s i t l on ,  NASA Head- 
quarters,  Wsshington 

Director of Operat ions ,  Communi- 
cations and ADP Management Division, 
OTDA 

Direc tor ,  Network Support Imple- 
mentation Division, OTDA 

Director, Goddard Space Flfght 
Center, Greenbelt, Md. 

Assistant Direc to r  f o r  Manned 
Space F l i g h t  Tracking, GSFC 

Chief, Mission Trajectory and 
Analysis Division, GSFC 

CADFISS Operations Director, GSFC 
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MAJOR APoLLo/SAWRN C3NTRACTORS 

Prfrne Contractor: 

North Arnerlcan Aviat ion,  Inc. Space and Information Systems 
Division, Downey, Calif. 

Cantrac tor 

Bellcomrn 
Washington, D. C *  

Item - 
Apollo Systems Engineering 

General Electric-Apollo Support Apollo Checkout and 
Department, Daytona Beach, Fla . Reliability 

Spacecraft ContP'actorer 

Grurnrnan Aircraft Englneerlng Corp., Lunar Module 
Bethpage, Long Island, N. Y. 

North American A v i a t  Lon, Inc . Spacecraft  Command and 
Space Division, Powney, Calif. Service modules 

Massachusetts I n s t i t u t e  of 
Technology, Cambridge 

Gufdance & Navigation 
(~echnical ~anagernent ) 

General Motors Corp., AC Guidance & Navigation 
Electronics Division, Milwaukee ( ~ a n u f a c t u r i n g  ) 

General E l e c t r i c  Co., Apollo Acceptance checkout 
Support  Department, Equ Lpment 
Daytona Beach, F la .  

Avco Corp., Wllrnington, Mass. Heat shield ablative material 

North American Aviation, fnc . , VHF antenna, boost cover ,  
Los Angeles Dlvlsion, U S  tower, canards, radial 
Ingleweod, Calif. beams, forward heat s h i e l d  

Aeronca Manufacturing Co., 
Middletown, Ohlo 

Eagle Pi tche r ,  
J o p l i n ,  Mo. 

Stainless steel honeycomb 
panels 

Batteries 

ITT, InduatrZal P r o d u c t s  Division, Battery charger 
San Fernando, Calif. 

United Aircraft Corp., P r a t t  & Fuel cell modules 
Whitncy Aircraft Division, 
E a s t  Hartford, Conn. 



Westinghouse Elec t r i c  Corp., 
Lima, Ohio 

Beech Aircraft Corp, , 
Boulde r ,  Colo. 

Garrett Corp. AiResearch 
Manufacturf ng Co., Los Angeles 

North AmerPcan Aviation, Inc., 
Autonetics Divis ion  
Anaheim, C a l i f .  

Lockheed Aircraft  Corp,, Lockheed 
Propulsion Co., Redlands, Calif, 

Thlokol Chemical Corp., 
Elk ton ,  Md. 

Northrop Corp., Nosthrop-Ventura, 
Newberry Park, CalLf. 

Honeywell Inc . ,  
Minn9apoli.s , Minn. 

North American Aviation, Inc . , 
Rocketdyne D i v i s f  an, 
Canoga Park, Calif .  

The Marquarat Corp . , 
Van N u y ~ ,  Ca12f. 

Bell Aerospace Corp., 
Bell Aerosystems Co., 
Buffalo, N. Y. 

Airite Products, 
Los Angeles 

General Motors Corp.,  
Allfson Division, 
Indianapolis 

Si rn~onds  Precision Products, 
Tarrytown, N. Y, 

Aerojet-General Corp., 
Sacramento, Calif .  

S t a t i c  inverters 

Cryogenic st orage 

Environmental contro l  
system 

Master controller systems 
in tegra ted  test equipment 

U S  escape and p i t c h  
motors 

LES jettlson motor 

ELS parachute s u b s y ~ t e m  

Stabilization and contrcl  
system 

CM RCS 

SM RCS 

RCS posLtive expulsion tanks 

Ifellwn tanks 

SPS p rope l l an t  tanks 

Propellant gaging and 
m i x L n g  

SPS engine 



C o l l i n s  iladio Co., 
Cedar Rapids ,  Iowa 

Radcom, 
C ~ l l e g e  Park, Md. 

General Time Corp., 
Aerone tics Division 
i r ~ l l i n g  Meadows, 111. 

The Havilland Airc r a f t  
of Canada L t d . ,  
Onta r io  

Ylotorola Inc . , 
Government E lec t ron ics  Dfvlsion, 
Scottsdale, Ariz. 

Eeckman Inst ruments  Inc., 
Scientific and Process Instruments 
Division, Ful ler ton ,  Calif. 

Contro l  Data Corp., 
Government Systems Division, 
Minneapolis, Mlnn. 

Electro-Optical Systems Inc,, 
Micro-Syst ems Div i s ion  
Pasadena, Calif. 

General Precision Inc  . , 
Link Group, 
Binghamton, N. Y. 

Ford Motor Co., 
Philco-Ford Corp, , 
Houston 

International Business Machlnes 
Federal Systems Center, 
Gal thersburg ,  Md . 

Communications and data 
system 

C-band antenna 

Central timing syatem 

HI? antennas 

Digltal up-data l i n k  

Data acquisXtion equipment 

D i g i t a l  test command system 

Transducers and i n s t r u -  
mentation 

Mission simulator  t ra iner  

Displays Fn Mission Control 
Center 

Computers in Mission Control  
Center 



SATURN V LAUNCH VEHICLE CONTRACTORS 

North Amer ican Aviation, Inc .  J-2 Engines, F-3 Engines 
Rocketdyne Division, 
Canoga Park ,  Callf .  

The Baeing Co., 
New Orleans 

First Stages (s-16) of 
Sa tu rn  V Flight Vehicles, 

S a t u r n  V Systems Engineering 
and Integration 

Ground Suppor t  Equ iprnent 

North American Aviation, Inc. Development and Product  ion 
Space Division, of S a t u r n  V Second 
Seal Beach, Calif. Stage (s-11) 

Douglas Ai rc ra f t  Co., 
Hunt ington Beach, Calif. 

Development and Produc t ion  
of S a t u r n  T h i r d  Stage  
Is-rvs> 

International Business Machines I n s  t runen t  U n l t  ( P ~ i r n e  
Huntsville, Ala.  c o n t r a c t o r )  

Bendix Corp., Guldance Components f o r  
Navigation and Ccnt ro l  Division Instrument 3ni t  ( ~ n c l ~ ~ d l r g  
Teterboro, N. J. S ~ - 1 2 h M  Stabillzed ~la t f c rm)  

General E l e c t r i c  Co, , 
Huntsville, Ala. and 
Bay S t .  L o u i s ,  Miss. 

Radio Corp. of Amer ica,  
Van Nuys, Ca l i f .  

Mason-Rus t 
New Orleans, kt. 

Sanders Associates 
Mashua, N. H. 

S a t u r n  V Suppor t  a t  Misslsslppi 
Test FacilZty; Ground s u p p n r t  
equipment 

Ground Support; Equipment 

S a t u r n  V Suppor t  a t  Michoud 
Assembly F a c i l i t y  

Grovnd Suppor t  Equipment 

Arrowhead P r o d u c t s  D i v i s f  on Propellant Feed Ducting f o r  
Federal-Mogul Gorp., S a t u r n  J F i r s t  Stage 
50s Alamitos,  Calif. 

A l l i s  Chalners Manufacturing Co., Open Cycle  F u e l  Cell S y s t e a s  
Milwaukee 

Flexonics  Division, 
C a l u m e t  & Hecla, Inc. 
B a r t P e t t ,  Ill. 

Prope l l an t  Feod Ductfng for 
Saturn  V F i r s t  Stage 



AlResearch Manufacturing Co., 
The Garrett Corp., 
Phoenix, Ariz 

Elect ronic  Communications, Inc . 
St, Petersburg, Fla, 

Dortech Inc. 
Dorr O l i v e r  C o ,  
Starnf ord, Conn. 

Douglas Aircraft Co, 
Santa Monica, Calif. 

Parker Aircraf t  Co. 
Los Angeles 

Northrop Corp. 
Norwood, Mass. 

Brown Engineering Co. 
Huntsville, A l a .  

Sperry-Rand Corp, 
N e w  York, N. Y. 

Spaco, Inc. 
Huntsv i l l e ,  Ala. 

Vitro Services, 
Fort Walton Beach, Fla .  

Hayes International Corp. 
Huntsville, Ala. 

Northrop Corp. 
Norwood, Mass. 

Computer Sciences Corp. 
El Segunde, Calif.  

Prevalves f o r  Sa tu rn  V 
First Stage 

Electronic Components 
and Systems 

Saturn V F i r s t  Stage 
Transpor te rs  

Large Sandwich Segments f o r  
Forming Common Domes 

10-inch Lox Vent and relief 
valves 

Hemtica l ly  Sealed Gyro 
Packages 

Propuls ion and Vehicle 
Engineering Laboratory 

Space Sciences Laboratory 
Support  

Astrionic s Laboratory Support 

Q u a l i t y  and Reliability 
Aasurane e Laboratory Suppor t  

Test Laboratory Support 

Manufacturing Engineer1 ng 
Laboratory Support  

Aero-Astrodynarnlcs Laboratory 
Support 

Cornputatton Laboratory Support 



MANNED SPACE FLIGHT NETWORK CONTRACTORS 

Col l ins  Radio Co. 
Dallas 

C o l l i n s  Radio Co. 
Dallas 

Blaw-Knox CQ. 
Pittsburgh, Pa. 

General Dynamics 
Electronics Division 
Rochester, N. Y. 

Unified S-Band Systems 

851 Antenna Systems Electronics 

85 ' Antenna Structures 

ApoLlo ~nsertlon/~njection 
Ships  

General Dynamics Shipbui lding Corp. Tracking sh ips  
Quincy,  Mass. 

Reeves Ins t rument  Co. 
Garden City, N. Y. 

Ling-Tempo-Vought Corp . 
Dallas 

Apollo ~nsertion/~njection 
Ships Antenna Structures 

Apollo Reentry Ships 

Radio Corpora t ion  of America Apollo Ships Radar (FPS-16) 
Moorestown, N. J. C-Band 

C o l l i n s  Radio Co. 
Dallas 

Dynatronics Corp. 
Orlando, F l a ,  

Univac Dlvision 
Sperry Rand Corp. 
Minneapolis 

Raytheon Corp. 
Lexington, Mass. 

Apollo Ships S-Band System 

Pulse Code Modulation 
Telemetry Systems (shipboard 
and land stations) 

Di i t a l  Data Processor  System 
$Shipboard and land stat ions  ) 

Flight Controller and 
Apollo Systems Display 
Consoles 

Westinghouse E l e a t r i c  Cow. Antenna Systems Switching 
P i t t s b u r g h  Gear and Generators 



LAUNCH COMPLEX CONTRACTORS 

Mo~risan-Knudsen Ca., fnc . Vehicle Assembly Bui ld ing  (VAB) 
Per ini  Corp.  ( o u t f i t t i n g  and equip)  
Paul Hardeman Construction Co., Inc. Mobile Service S t r u c t u r e  
South Gate, Calif. Launch Control  Center 

portion of Crawlerway 

Blount Bro t3e r s  Corp . 
Montgomery, Ala. 

U,S. Steel, 
Amerkcan Bridge Division 
Atlanta 

VAB ( foundat ion)  

YAB (steel  e rec tor )  

Urbahn-Roberts-Seelye-Moran VAE and LCC (design) 
New York, N. Y. 

George A .  F u l l e r  Co. 
Los bngeles 

Launch Pad B 
Por t ion  of Crawlerway 

B l o u n t  Brothers Corp. Launch Pad A 
and M. M. Sundt Construction Co, Portion of Crawlerway 
Montgomery, A l a .  

P ac i f i c  Crane and Rigging 
Paramount, Calif.  

Catalytic Cons t ruc t ion  Co. 
Philadelphia 

Ingalls Iron Works 
Bimingharn, Ala . 

Ground Support  Equipment ror 
Mobile Launchers 

Cryogenic Propellant System 
f o r  Mobile Launcher 

Mobile Launcher ( stmc t u r a l  
work ) 

~mlth/Ernst (joint venture) E l e c t s l c a l  Mechanical P o r t  i o n  
Tampa, Fla., of Mobile Launchers 
Washington, Dm C, 

Power Shovel, Inc. 
Marion, Ohio 

Transpor te r  

Hayes In te rna t iona l  
Bimingham, A l a  . Swing A m  


