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"SATURN AND THE NASA SPACE PROGRAM" 

I am delighted to have this opportunity of meeting with you gentlemen 

this evening. Actually, you know; we talk the same language, because we at 

Marshall are also in the Transportation Business - We consider our SATURN 
vehicle the workhouse in the space program directed by the National Aeronautics 

and Space ~dministration. In Government jargon, this is known as N-A-S-A or "NASA!' 

Tonight, I'd like to tell you about the SATURN, which will be responsible for 

transporting the first men and cargo to the moon. My particular area of 

endeavor is concerned with propulsion systems that use liquid propellants, and 

my discussion of the SATURN will center primarily on the various engines that 

are t o  be used in this vehicle. Near the end of my talk, I plan to take all of 

you on a quick trip to the moon - and return. 
We have learned a lot about the earth and our solar system during the past 

five years. The united States has launched a variety of earth satellites and deep 

space probes, and has shared with the world the information gained about space 

and man's ability to function in this new environment. 

During 1962, for the first time, the United States surpassed the Russian 

performance in total weight of satellites placed in orbit. At the beginning of 

this year we had orbited about 50 metric tons of payload, compared with about 41 



tons  f o r  t h e  s o v i e t  Union, according t o  publ ic  announcements. 

But we had t o  make four  times a s  many launches a s  t h e  Sovie ts  t o  ge t  

our  50 tons of S a t e l l i t e s  i n t o  o r b i t .  

During t h e  f i r s t  years  of NASA's program f o r  t h e  peacefu l  and s c e i n t i f i c  

exp lo ra t ion  of space f o r  t h e  b e n e f i t  of a l l  mankind, we have, somewhat i r o n i c a l l y ,  

had t o  r e l y  e n t i r e l y  upon rockets  t h a t  were developed f o r  defense.  These have 

been modified f o r  our  miss ions ,  and we have been h ighly  p leased  w i t h  t h e  r e s u l t s .  

But ,  a s  you know, our  b a l l i s t i c  m i s s i l e s  f o r  defense do no t  match t h e  weight- 

l i f t i n g  a b i l i t y  of t h e  Sovie t  i n t e r c o n t h e n t a l  b a l l i s t i c  m i s s i l e s .  They do not  

need t o ,  because of our advances i n  weight reduct ion  of atomic warheads. But we 

have long needed l a r g e r ,  more powerful rocke ts  f o r  heavier  e a r t h  s a t e l l i t e s ,  

instrumented deep space probes,  and manned space t r a v e l .  

This  need w i l l  be met by t h e  Saturn family of launch veh ic l e s  now under 

development by NASA's George C .  Marshall  Space F l i g h t  Center  a t  Huntsv i l le .  

Now, wi th  t h e  he lp  of a few s l i d e s ,  I would l i k e  t o  desc r ibe  b r i e f l y  

t h e  Sa turn  launch veh ic l e s ,  

L ights  Off. 

S l i d e  1 - SATURN Vehicles 

The t h r e e  members of t h e  SATURN family a r e  SATURN I, SATURN IB, and SATURN 

V .  The SATURN I w i l l  be  a b l e  t o  p l ace  a t h r e e  man spacec ra f t  i n t o  an e a r t h  

o r b i t ,  which w i l l  b e  a pre l iminary  s t e p  i n  our p l an  t o  go t o  t h e  moon. Sa turn  V 

w i l l  launch t h i s  spacec ra f t  t o  t h e  v i c i n i t y  of t h e  Moon. The SATURN IB w i l l  be  

an  in te rmedia te  s t e p  between t h e  SATURN I and SATURN V. 

S l i d e  2 - Saturn  I launch 

Fur thes t  a long i n  development of t h e  t h r e e  i s  t h e  Sa turn  I, which was 

launched f o r  t h e  f i r s t  time October 27 ,  1961. Three o the r  launches have been 



held  s i n c e  t h a t  t ime, each equal ly  a s  succes s fu l  a s  t h e  f i r s t .  Only t h e  f i r s t  

s t a g e  i s  l i v e  during these  f i r s t  four  research  and development launches. Upper 

s t a g e s  a r e  i n e r t ,  and about 100 tons  of water  i s  added t o  s imula te  f u l l  p r o p e l l a n t  

loading.  

S l i d e  3 - H-1 Engine 

The f i r s t  s t a g e  of SATURN I i s  powered by a  c l u s t e r  of e i g h t  engines known 

a s  t h e  H - 1  model. These engines burn a  kerosene f u e l  and use  l i q u i d  oxygen f o r  

t h e  ox id i ze r .  Since rocket  engines u sua l ly  spend very l i t t l e  time i n  t h e  E a r t h ' s  

atmosphere, we must c a r r y  the  oxygen along. In  order  t o  conserve space,  we use  

pure oxygen i n  l i q u i d  form, a t  a  temperature of about -285OF. The t h r u s t  of each 

engine i s  188,000 pounds t o  e i g h t  of them provide a  t o t a l  of 1.5 m i l l i o n  pounds 

of t h r u s t  f o r  t h e  Booster ,  o r  f i r s t  s t age .  

Since many of you a r e  i n  t h e  t rucking  bus iness ,  perhaps you w i l l  g e t  a  

b e t t e r  f e e l  f o r  t h e  power of t h i s  engine i f  I t e l l  you about i t s  turbopump. 

This  pump pushes t h e  kerosene and l i q u i d  oxygen i n t o  t h e  combustion chamber 

somewhat l i k e  t h e  f u e l  pump on an i n t e r n a l  combustion engine. The pump i s  dr iven  

by a  t u r b i n e ,  and generates  4 thousand horsepower! Remember, t h i s  i s  an 

accessory  on t h e  engine! 

S l i d e  4 - S-1 Stage 

Here is  a SATURN boos ter  o r  f i r s t  s t a g e  f a b r i c a t e d  a t  t h e  Marshal l  Space 

F l i g h t  Center  a t  Hun t sv i l l e .  You can s e e  t h e  e i g h t  engines i n  a  c l u s t e r .  The 

four  inboard engines a r e  mounted i n  a  square p a t t e r n  a t  a  f i xed  3 degree can t  

from t h e  v e r t i c a l .  The four  outboard engines a r e  canted s i x  degrees from t h e  

v e r t i c a l ,  and can be swive l led  t e n  degrees f o r  c o n t r o l l i n g  t h e  d i r e c t i o n  of f l i g h t .  

The engines a r e  fed from a  c l u s t e r  of n ine  p rope l l an t  tanks - f i v e  f o r  oxygen, 

and four  f o r  f u e l .  



S l i d e  5- SATURN S t a t i c  F i r i n g  

Each boos ter  undergoes hot  performance t e s t s  a t  t h e  Marshall  Center .  To 

prevent  t h e  f i e r y  exhaust of t h e  e i g h t  engines from mel t ing  t h e  metal  d e f l e c t o r  

p l a t e s  a t  t h e  base of t h e  tower, 40,000 ga l lons  of water  per  minute must be pumped 

through them. The flames l i t e r a l l y  r i d e  on a  cushion of steam. During each s t a t i c  

t e s t  we record some 1,000 channels of information t o  keep our f i n g e r s  on t h e  p u l s e  

of t h e  i n t r i c a t e  machinery. Such c l o s e  su rve i l l ance  of t h e  behavior  of every 

component during t h e  s t r e s s e s  and s t r a i n s  of a  s t a t i c  f i r i n g  i s  one of t h e  main 

reasons t h a t  t h e  development of t h e  S-1 s t a g e  progressed a s  r a p i d l y  a s  i t  d id .  

S l i d e  7-  SATURN Barge 

Barges t ake  t h e  s t ages  b u i l t  a t  Hun t sv i l l e  t o  Cape Canaveral f o r  f l i g h t  

t e s t i n g .  The barge goes down t h e  Tennessee, Ohio, and Miss i s s ipp i  Rivers  t o  t h e  

Gulf of Mexico, c i r c l e s  t he  t i p  of t h e  F lo r ida  peninsula ,  then  goes up Fhor ida ' s  

e a s t  coas t  t o  t h e  Cape. 

S l i d e  8 - Booster Being Erected 

Here we s e e  a  Saturn I i n  t h e  s e r v i c e  s t r u c t u r e  a t  t h e  Cape. Only t h e  

f i r s t  s t a g e  i s  l i v e .  The mission of t h e  f i r s t  four  f l i g h t  t e s t s  of t h e  Sa t e rn  

I i s  t o  t e s t  t h e  l i v e  f i r s t  s t ages  only. I n e r t  upper s t ages  a r e  added t o  complete 

t h e  e x t e r n a l  con f igu ra t ion ,  and water  i s  used a s  b a l l a s t  t o  s imula te  f u l l  p r o p e l l a n t  

loading.  Live second s t ages  w i l l  be used s t a r t i n g  wi th  the  f i f t h  launch veh ic l e .  

S l i d e  9 - Saturn  J u s t  A f t e r  Li f t -Off  

The Sa turn  i s  a  marvel of engineering.  The countdown f o r  such a  complex 

v e h i c l e  i s  n e c e s s a r i l y  long - - t en  hours ,  t o  be s p e c i f i c .  There was only one hold 

be fo re  each of our f i r s t  t h r e e  launches, and none was d i r e c t l y  connected wi th  t h e  

rocket  i t s e l f .  A hold was c a l l e d  before  t he  f i r s t  launch because cloud cover  

would have i n t e r f e r e d  wi th  s a t i s f a c t o r y  t r ack ing ;  before  t h e  second launch t h e  

countdown was stopped once u n t i l  a  s t r a y  sh ip  could be shooed away from the  impact 



a r e a ;  and be fo re  t h e  t h i r d  launch a  s i n g l e  hold was c a l l e d  because of gene ra to r  

d i f f i c u l t y  i n  t h e  ground support  equipment. 

During t h e  second and t h i r d  launches we performed an experiment i n  upper 

atmospheric phys ics ,  known a s  P r o j e c t  High Water. A f t e r  boos t e r  c u t o f f ,  t h e  

v e h i c l e  was d e l i b e r a t e l y  des t royed .  About 100 tons  of water c a r r i e d  a s  b a l l a s t  

i n  t h e  upper s t a g e s  were dumped i n t o  t h e  ionsphere and t h e  o p t i c a l  and meteoro logica l  

e f f e c t s  were observed. 

During our  l a s t  f i r i n g  (March 28, 1963) t h e  engine-out c a p a b i l i t y  of  t h e  Sa tu rn  

was t e s t e d  a s  a  secondary mission.  Its purpose was t o  examine t a i l - h e a t i n g  e f f e c t s  

and t o  confirm ope ra t i on  of t h e  p r o p e l l a n t  feed system under emergency, i n f l i g h t  

cond i t i ons .  The mission was a  complete success .  

S l i d e  10 - Saturn  I ,  Block I; Sa turn  I, Block 11; Saturn  I-B 

The two-stage Block I1 Saturn w i l l  be f l i g h t  t e s t e d  dur ing  t h e  f i f t h  Sa tu rn  

launching,  scheduled f o r  l a t e r  t h i s  year .  The Block I1 des ign  changes w i l l  p rov ide  

a  marked i n c r e a s e  i n  v e h i c l e  performance. The boos t e r  w i l l  have t h e  f u l l y  up-rated 

H - 1  engine,  developing 188,000 pounds of t h r u s t .  Four de tachable  t a i l  f i n s  w i l l  

be added f o r  i nc reased  v e h i c l e  s t a b i l i t y  during t h e  boosted phase of f l i g h t .  

The i n i t i a l  f l i g h t s  of Block I1 Saturns  w i l l  concen t r a t e  on boos t e r  and second 

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

On t h e  r i g h t  you s e e  t h e  Sa turn  IB, which I w i l l  d i s cus s  i n  more d e t a i l  

l a t e r .  

S l i d e  11 - Cutaway of Sa turn  S-IV Stage  

The second s t a g e  of t h e  Sa turn  I, shown he re  i n  t h i s  cutaway, i s  c a l l e d  t h e  

S-IV Stage.  It i s  under development by t h e  Douglas A i r c r a f t  Corpora t ion  a t  

Sacramento, C a l i f o r n i a .  This  s t a g e  i s  18 f e e t  i n  diameter  and about  40 f e e t  i n  

l eng th .  It i s  a  s e l f - suppor t i ng  s t r u c t u r e  con ta in ing  two p r o p e l l a n t  t anks  f a b r i c a t e d  

of aluminum a l l o y .  The oxygen tank i s  l oca t ed  beneath t h e  hydrogen tank;  t h e  two 

a r e  separa ted  by a  common i n s u l a t e d  bulkhead made of a  f i b e r g l a s s  honeycomb c o r e  

between aluminum faces .  
5 



It has s i x  P r a t t  & Whitney developed RLlO engines.  

The S-IV v e h i c l e  i s  c o n t r o l l e d  by swivel ing t h e  s i x  engines.  

S l i d e  12 - RLlO Engine 

The RLlO engine burns l i q u i d  hydrogen and l i q u i d  oxygen t o  produce 15,000 

pounds of t h r u s t .  This  i s  t h e  same engine used i n  t h e  Centaur veh ic l e .  

When l i q u i d  hydrogen e n t e r s  t h e  cool ing  j acke t s  around t h e  t h r u s t  

chamber i t  no t  only coo l s  t h e  chamber, bu t  hea t s  t h e  l i q u i d  hydrogen and 

expands i t  through a  t u rb ine ,  which d i r v e s  a  two-stage c e n t r i f u g a l  pump. The 

hea t  absorbed by t h e  l i q u i d  hydrogen i n  t h e  cool ing  jacke t  g ives  enough energy 

f o r  turbopump d r ive .  The chamber opera tes  under 300 p s i  p re s su re  cond i t i ons  

and 6,000 degrees F. 

I 

S l i d e  1 3  - S-IV Stage 

Development of t h e  S-IV s t a g e  i s  moving along very wel l .  A number of 

s eve re  engineering and design problems have been solved -- i n  p a r t i c u l a r ,  development 

of a  s a t i s f a c t o r y  fue l - tank  i n s u l a t i o n .  Successful  development i s  a l s o  cont inuing  

on t h e  helium h e a t e r  f o r  t h e  Lox-tank p r e s s u r i z a t i o n  system. 

Prepara t ions  f o r  t h e  f i r s t  s t a t i c  hot  f i r i n g  of a l l  s i x  engines included 

comprehensive co ld  flow and engine chilldown t e s t s  at: t h e  Sacramento Tes t  F a c i l i t y  

of Douglas A i r c r a f t  Corporat ion.  Liquid hydrogen, you w i l l  remember, b o i l s  

a t  -423 degrees Fahrenhei t .  Cold flow i s  t h e  t r a n s f e r  of t h e  l i q u i d  hydrogen 

and l i q u i d  oxygen from ground s to rage  tanks t o  a  s t e e l  " b a t t l e s h i p  tank,"  an 

ove r s t r eng th ,  non-f lying t e s t  veh ic l e  i n s t a l l e d  i n  one of t h e  two s t a t i c  t e s t  

s t ands  a t  t h e  Sacramento s i t e .  

S l i d e  14 - Instrument Unit  

This  154-inch diameter instrument  w i l l  be  p re s su r i zed  and w i l l  c o n t a i n  

v e h i c l e  guidance ins t rumenta t ion .  It w i l l  t ransmi t  guidance and sequencing 

s i g n a l s  t o  t h e  app ropr i a t e  s t ages  during powered f l i g h t .  



These electronic instruments can tell if the vehicle is moving off 

course--as a result, perhaps, of a wind gust--and send electrical signals 

to hydraulic pistons to gimbal the engines. Some people don't realize that 

most of the weight of a vehicle--about 86 per cent--is liquid. Have you ever 

tried to run with a wash tub half full of water? Then you know how the fuel 

sloshes about. The vehicle structure is flexible. It bends, sways, swings, 

and vibrates as it accelerates. The instrument unit must know if the vehicle 

is really off course, or whether it is only doing a giant version of the twist. 

The Saturn I will be used to place into low earth orbit boilerplate 

versions of the command module and service module of the Apollo spacecraft, 

which will take men to the moon. Re-entry of the command module from a low 

earth orbit will also be tested. While the method of re-entry of the Apollo 

capsule is similar to that used in the Mercury program, the probl:ms are greater. 

Mercury capsules re-entered from a speed of about 18,000 miles an hour, while 

the Apollo will re-enter at close to 25,000 miles an hour. 

Slide 15 - Saturn IB and Apollo Lunar Spacecraft 
The two-stage Saturn IB vehicle will be developed to test the lunar orbit 

configuration of the Apollo spacecraft. It will be an interim step between the 

present Saturn I and the advanced Saturn V. The first stage of the Saturn I 

will be mated with the third stage of the Saturn V to form this vehicle. Thus 

the first stage will cluster eight H-1 liquid oxygen/RP-1 engines, and the second 

stage will feature a single 5-2 engine, burning the hydrogen/oxygen combination 

to produce 200,000 pounds of thrust. The Saturn IB will be able to place about 

16 tons into low earth orbit compared with ten tons for Saturn I. By the mid 

- 1 9 6 0 ' ~ ~  we will be able to test the Apollo lunar-orbit configuration, in low- 

earth orbit. These flights will concentrate on crew training and perfection 

of module maneuvering in orbit. 



The Apollo s p a c e c r a f t ,  you w i l l  no t e ,  has t h r e e  major p a r t s .  The 

command module c a r r i e s  t h e  three-man crew, p l u s  guidance and c o n t r o l  i n s t rumen ta t i on .  

Th i s  module w i l l  weigh about f i v e  tons  and measure 12 f e e t  high. 

Immediately beneath t h e  command module i s  t h e  s e r v i c e  module, con ta in ing  

t h e  primary s p a c e c r a f t  p ropuls ion  elements.  This  propuls ion  w i l l  be used t o  

c o r r e c t  t h e  space craft;^ f l i g h t  p a t h  a s  i t  moves from t h e  e a r t h  toward t h e  moon. 

It w i l l  a l s o  provide  t h e  power t o  escape from t h e  l una r  o r b i t  i n t o  an e a r t h  

t r a j e c t o r y .  

S l i d e  16 -- Sa tu rn  I Sa turn  I B ,  and Sa turn  V 

A f t e r  t h e  Sa turn  IB, our next  seven-league s t e p  forward i n  rocke t  development 

i s  t h e  Sa tu rn  V .  

Measuring more than 350 f e e t ,  t h e  t h r ee - s t age  Sa turn  V w i t h  i t s  Apollo 

s p a c e c r a f t  payload w i l l  s tand  t a l l e r  than t h e  S t a t u e  of  L ibe r ty .  

The Sa turn  V w i l l  be a b l e  t o  l i f t  120 tons  i n t o  an o r b i t  300 mi l e s  above 

t h e  e a r t h .  That i s  equa l  t o  85 John Glenn capsu l e s .  

O r  i t  can h u r l  45 tons t o  t h e  v i c i n i t y  of t h e  moon. This  i s  t h e  weight 

of about  25 family automobiles.  

And i t  could probably boos t  a  s i n g l e  Chevrolet  c l e a r  ou t  of t h e  s o l a r  

system ...p robably t o  t h e  d e l i g h t  of  Ford and Chrys le r .  There ' s  no t e l l i n g  how 

f a r  i t  would send a  Volkswagon. 

S l i d e  17 --Saturn V Booster  

The boos t e r  -- o r  S-IC -- s t a g e  f o r  t h e  Sa turn  V i s  being developed j o i n t l y  

by Marshal l  and t h e  Boeing Company. The s t a g e  w i l l  measure 33 f e e t  i n  diameter  

and 138 f e e t  i n  l eng th .  Five F-1 engines ,  each genera t iqg  1.5 m i l l i o n  pounds of 

t h r u s t ,  p rovide  a  t o t a l  s t a g e  t h r u s t  of 7  1 /2  m i l l i o n  pounds. Four of t h e  engines ,  

mounted i n  a  square  p a t t e r n ,  w i l l  gimbal f o r  c o n t r o l .  One F-1 engine w i l l  be 

c e n t r a l l y  mounted and r i g i d l y  f i xed .  

Suc t ion  l i n e s  from t h e  forward l i q u i d  oxygen tank  w i l l  pass  through tunne l s  

i n  t h e  f u e l  t ank  t o  t h e  engines .  Dry weight of t h e  s t a g e  w i l l  be about 280,000 
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pounds, w i th  a p r o p e l l a n t  c a p a c i t y  of about 4,400,000 pounds. 

S l i d e  18  -- F-1 Engine 

The F-1 engine i s  now we l l  a long i n  development f o r  NASA by t h e  

Rocketdyne Div is ion  of North American Avia t ion .  

It i s  t h e  l a r g e s t  engine under development i n  t h e  United S t a t e s .  The 

F-1 i s  of s i m p l i f i e d  convent ional  des ign ,  i nco rpo ra t i ng  proven concepts  i n  

h igh  t h r u s t  convent ional  p r o p e l l a n t  rocke t  technology. It i s  scheduled f o r  

use  f i r s t  i n  t h e  Sa turn  V .  I f  two of t h e s e  engines were ope ra t i ng  a t  one 

t ime,  t hey  would be gulping oxygen a t  a r a t e  equal  t o  t h a t  of a l l  t h e  people  

of t h e  United S t a t e s  f o r  b r ea th ing  purposes! The turbopump on t h i s  engine,  

which you remember i s  an accessory  genera tes  68,000 horsepower! 

S l i d e  19 -- S t a t i c  T e s t  of F-1 Engine 

The f i r s t  f u l l - d u r a t i o n ,  f u l l - t h r u s t  s t a t i c  f i r i n g  of  t h e  F-1 was 

conducted by Rocketdyne i n  May a t  Edwards, C a l i f o r n i a .  The engine produced 

over  i t s  r a t e d  t h r u s t  of 1.5 m i l l i o n  pounds f o r  two and one-half minutes .  

S l i d e  20 - -  S-11 S tage  Cutaway 

The s l i d e  shows t h e  c u r r e n t  con f igu ra t i on  of t h e  second, o r  S- I1  S tage  

of t h e  Sa turn  V .  This  s t a g e  has  f i v e  5-2 engines which burn t h e  l i q u i d  hydrogen1 

oxygen combination f o r  a t o t a l  of 1,000,000 pounds of t h r u s t .  The s t a g e  w i l l  

measure about 82 f e e t  long and 33 f e e t  i n  diameter .  An i n s u l a t e d  common 

bulkhead s e p a r a t e s  t h e  Lox tank and t h e  forward hydrogen tank.  

The s t a g e  w i l l  be  c o n t r o l l e d  by swivel ing t h e  four  o u t e r  engines .  The 

f i f t h  engine i s  r i g i d l y  mounted. Primary guidance and c o n t r o l  s i g n a l s  f o r  

t h e  S- I1  w i l l  be provided from t h e  v e h i c l e  ins t rumenta t ion  u n i t ,  l oca t ed  

forward of t h e  t h i r d  s t a g e .  

S l i d e  21 - -  5-2 Tes t  Area (S-11-d-1) 

The 5-2 engine i s  being developed by Rocketdyne at; Canoga Park, C a l i f o r n i a ,  

and i s  t e s t  f i r e d  a t  t h e  Santa  Susana f a c i l i t y ,  shown here .  Thrus t  chamber 

development has progressed s a t i s f a c t o r i l y ,  concu r r en t ly  w i t h  tests of t h e  

9 



o x i d i z e r  and f u e l  turbopump assemblies .  A number of 5-2 engine system 

t e s t s  have been conducted. 

S l i d e  22 -- S-IVB Stage 

A s i n g l e  5-2 engine w i l l  be used on t h e  S-IVB Stage,  t h e  t h i r d  s t a g e  

of t h e  Sa turn  V.  Design s t u d i e s  of t h e  s t a g e  a r e  now be ing  conducted by t h e  

Douglas A i r c r a f t  Corporat ion.  

The S-IVB w i l l  measure about 58 f e e t  long and 260 inches i n  diameter .  

It w i l l  have a usable  p rope l l an t  c a p a c i t y  of about 230,000 pounds. The s i n g l e  

engine w i l l  gimbal f o r  p i t c h  and yaw c o n t r o l .  Aux i l i a ry  propuls ion  systems w i l l  

provide a t t i t u d e  c o n t r o l  during c o a s t .  

S l i d e  23 -- Saturn  V F i r s t  Stage Tes t  F a c i l i t y  a t  MSFC 

This  a r t i s t ' s  concept shows t h e  new s t a t i c  t e s t  tower now i n  t h e  e a r l y  

s t a g e s  of cons t ruc t ion  a t  Marshall  f o r  c a p t i v e  f i r i n g  t h e  Sa turn  V ' s  f i r s t  

s t a g e  boos t e r .  The tower, inc luding  t h e  c r a m  a t  t h e  top ,  w i l l  be  405 f e e t  

h igh ,  and w i l l  measure about 160 f e e t  square a t  t h e  base.  

The s tand  w i l l  provide handling equipment and t h r u s t  r e s t r a i n t  f o r  

veh ic l e s  up t o  178 f e e t  i n  length ,  48 f e e t  i n  diameter ,  and wi th  t h r u s t  up t o  

7.5 m i l l i o n  pounds. 

S l i d e  24 --  Launch Complex 34 

Most of NASA's l a r g e  space c a r r i e r  veh ic l e s  a r e  launched from t h e  A t l a n t i c  

M i s s i l e  Range a t  Cape Canaveral.  We have q u i t e  a l a r g e  investment t h e r e  i n  

r e a l  e s t a t e  and f a c i l i t i e s  and we are planning more. The four  Sa turn  v e h i c l e s  

which have a l r eady  been s u c c e s s f u l l y  launched were f l i g h t  t e s t e d  from NASA's 

V e r t i c a l  Launch F a c i l i t y  34, which you s e e  on t h e  s l i d e .  

Launch Complex 34 i s  used f o r  launching t h e  R&D Sa turn  1 ' s .  It occupies 

45 a c r e s .  The word complex i s  a very  good one t o  desc r ibe  t h i s  f a c i l i t y ,  f o r  

t h e  Sa turn  launch s i t e  i s  r a t h e r  complex. The s e r v i c e  s t r u c t u r e  used a t  t h e  



launch s i t e  i s  t h e  t a l l e s t , s t r u c t u r e  i n  t h e  s t a t e  of F lo r ida  and t h e  l a r g e s t  

s e l f -p rope l l ed ,  movable s t r u c t u r e  i n  t h e  world. 

S l i d e  25 -- Launch Complex 37 

V e r t i c a l  Launch Complex 37 i s  l oca t ed  about a  mi le  n o r t h  of Complex 34, 

b u t  un l ike  i t ,  w i l l  have two pads served by t h e  same support  f a c i l i t i e s .  This  

arrangement w i l l  permit us t o  launch s i x  veh ic l e s  a  year  r a t h e r  than  f o u r ,  

which i s  t h e  maximum number of launches permit ted by Complex 34. 

P r i n c i p a l  i tems a t  t h e  complex a r e  l i q u i d  oxygen, l i q u i d  hydrogen, and 

kerosene s t o r a g e  f a c i l i t i e s ,  two launch pads, and blockhouse. Cons t ruc t ion  i s  

scheduled f o r  completion i n  time f o r  t h e  f i r i n g  t h e r e  of our f i r s t  Block II 

Saturn  l a t e r  t h i s  year .  

S l i d e  26 -- V e r t i c a l  kssembly Building 

The Advanced Sa turn ,  inc luding  the  Apollo s p a c e c r a f t ,  w i l l  be  t r anspor t ed  

v e r t i c a l l y  t o  i t s  launch s i t e  a f t e r  assembly and checkout i n  a  r e a r  a r ea .  This  

assembly and checkout bu i ld ing  w i l l  be  48 s t o r i e s  high,  more than two c i t y  

blocks long, and 230 f e e t  deep. It w i l l  be some 150 f e e t  h igher  than F l o r i d a ' s  

t a l l e s t  bu i ld ing  -- t he  Dade County Courthouse i n  Miami. 

I n  t h e  assembly bu i ld ing  t h e  three-s tage  Advanced Saturn w i l l  be  e r ec t ed ,  

mated t o  t h e  Apollo spacec ra f t ,  and checked out  on a  launch rack  which a l s o  

s u p p o r t s  i t s  400-foot umbi l ica l  tower. 

S l i d e  27 -- Crawler Vehicle 

When checkout i s  complete a  c rawler  v e h i c l e  - -  some 130 f e e t  long,  115 

feed wide, and weighing some 2,500 tons--  w i l l  move t o  t he  bu i ld ing  on e i g h t  

tank-type t r e a d s .  It w i l l  be dr iven  by e l e c t r i c  motors powered by d i e se l -d r iven  

gene ra to r s .  

The c rawler  w i l l  p ick  up the  rack  wi th  the  Sa turn  V and spacec ra f t  and 

t h e  umbi l ica l  tower and c a r r y  i t  t h e  two mi l e s  over s p e c i a l  roadways t o  t h e  
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launch pad, with a stop at the arming tower. During the journey, the 33-foot 

diameter rocket will be kept balanced by four load-leveling hydraulic cylinders. 

The cylinders - -  each four feet in diameter -- are 90 feet apart, like the 
bases on a baseball diamond. At the pad, the 20-foot high crawler will use 

the cylinders to lower the rack and vehicle onto support blocks on the launch 

platform. 

Slide 28 -- C-5 Launch 
Now let's take a quick trip to the moon via the lunar orbital rendezvous 

method . 
On a moon mission, the three-stage Saturn V will launch the Apollo 

spacecraft from the Cape in an easterly direction, thereby benefiting from 

the earth's rotation. The first and second stages of the launch vehicle will 

drop away after burnout, and the third stage and attached spacecraft will go 

into an inclined earth orbit. 

Slide 29 -- Injection 
After orbital checkout, the third stage is ignited at the proper moment, 

accelerating the 90,000-pound spacecraft to the required 25,000 mile-per-hour 

escape velocity. 

Slide 30 - -  Docking in Transit 
After injection into the translunar trajectory, fairings are released 

forward of the third state, freeing the Lunar Excursion Module, or Bug. The 

Command Module is disconnected and turned 180 degrees, then mated none-to-nose 

with the Bug, After this maneuver, the third stage of the Advanced Saturn 

is separated and drops away. 

During the journey to the moon, the astronauts must keep close watch on 

radiation levels. The great radiation area encircling the earth, discovered 

by America's first satellite, Explorer I, constitutes a severe problem to 
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manned space flight. Radiation from solar flares and meteorites are other 

hazards. Inside the Spacecraft, pressurized space suits can be discarded 

for light comfortable coveralls. The crew can talk directly to earth ground 

crews, reporting scientific observations, and physical and mental condition. 

Slide 31 -- Entering Lunar Orbit 
Halfway to the moon, the crew makes a navigation check by taking bearings 

on the earth, moon, and stars, and corrects the spacecraft's course, if 

necessary. The pull of earth's gravity will slow the spacecraft's speed to 

about 6,500 miles an hour after one day, and 1,500 miles an hour after two 

days. As it approaches the moon, the gravitational pull becomes stronger than 

that of the earth, and the craft begins to fall toward the moon, picking up 

speed. 

At the proper time, the propulsion system of the service module is ignited, 

slowing the spacecraft so that it goes into a precise, circular orbit, about 

60 miles above the lunar surface. 

Slide 32 - -  Entering Lunar Landing Ellipse 

Two astronauts transfer to the Bug, which separates from the Apollo 

spacecraft. Using its own propulsion system, it goes into a trajectory having 

the same period as the-mother craft, but with a lower perigee. The low perigee, 

within about 50,000 feet of the lunar surface, permits a close examination of 

the intended landing site. 

Slide 33 - -  Lunar Descent 
The engine on the Lunar Excursion Module is again fired, and the Bug 

decelerates from orbit and into trajectory toward the pre-selected landing site. 

Slide 34 - -  LEM Field of View 
A large glass area is provided in the Bug for the astronauts to inspect 

the touchdown site visually, and to control the landing maneuver. 

Slide 35 - -  Landing Manuever 
With landing legs extended, the vehicle descends to within 100 feet of 



the lunar surface. It will be able to move laterally for about 1000 feet 

for choosing the best touchdown point. 

The stay on the moon may range from one to four days. Manned 

exploration of the moon is a logical extension of unmanned lunar exploration; 

the knowledge gained by unmanned vehicles will raise additional questions 

which can be answered by manned exploration. Man's physical characteristics, 

his judgment, and his ability to make unscheduled observations make him a 

valuable means for gathering scientific information. 

Much of the lunar exploration will be geologic in nature. It will include 

mapping, photography, observation of surface characteristics, core and surface 

samples, seismic measurements, and radiation measurements. 

Slide 36 -- Lunar Liftoff 
After the exploratory mission has been accomplished, the two astronauts 

return to the Bug. The upper portion of the bug is then launched into ascent 

trajectory, using the burned out landing stage as a launch pad. The orbiting 

command module will be above the horizon when the Bug is launched. Radar and 

visual contact are maintained between the two vehicles. A flashing light will 

aid visual acquisition. 

slide 37 -- Lunar Orbit Rendezvous ' 

Docking will be made under a high degree of manual crew control. ~t 

close up docking distances, man becomes the best judge of range, range rate, 

and orientation. He will be provided, however, with a high degree of automation. 

After docking, the two astronauts transfer back to the Command Module. 

Slide 38 -- Leaving Lunar Orbit 
After checkout of the spacecraft, the Service Module propulsion is 

ignited and the Apollo is accelerated into the return trajectory. 

On the return trip to earth, the spacecraft must again fly a very precise 
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t r a j e c t o r y  t o  e n t e r  i n t o  o r b i t  around t h e  e a r t h .  Too shal low an approach 

and t h e  e a r t h  i s  missed e n t i r e l y ;  t o  s t e e p  an approach, and t h e  s p a c e c r a f t  

plunges d i r e c t l y  i n t o  t h e  atmosphere. 

S l i d e  39 -- Re-Entry Corr idor  

The r e -en t ry  c o r r i d o r  i s  only 40 mi les  i n  depth,  and y e t  i t  must no t  

be missed from a d i s t a n c e  of 240,000 mi les  away. Mid-course c o r r e c t i o n s  a r e  

aga in  made f o r  refinement of t r a j e c t o r y .  The Serv ice  Module i s  j e t t i s o n e d ,  

and only the  Apollo Command Module r e - en te r s  t h e  atmosphere. 

S l i d e  40 Re-Entry 

Trave l ing  a t  25,000 mi les  an hour ,  i t  encounters hea t ing  r a t e s  s eve ra l  

times h igher  than  those  encountered during Proaect  Mercury r e - e n t r i e s .  

S l i d e  41 -- Descent in-Atmosphere 

Pressure  and f r i c t i o n  of t h e  atmosphere slow t h e  module, and a t  10,000 

f e e t  parachutes  open t o  b r ing  it  t o  a  s a f e  ground landing.  

S l i d e  42 -- Recovery Teams 

Radar and o p t i c a l  instruments  t r a c k  i t s  descent  t o  t h e  pre-designated % 

landing a r e a ,  and recovery teams proceed immediately t o  p ick  up t h e  t h r e e  

crewmen . 
LIGHTS ON 

The journey which I have j u s t  descr ibed w i l l  t ake  p l ace  before  t he  end 

of t h i s  decade. U n t i l  j u s t  a  few years  ago, t he  p o s s i b i l i t y  of such a  f e a t  

was regarded by most people a s  harmless f an t a sy  o r  sheer  lunacy. The moon 

was t h e  exc lus ive  proper ty  of astronomers,  poe t s ,  dreamers, and young love r s .  

Now two s t rong  na t ions  a r e  t r y i n g  t o  s e t  foo t  on t h i s  d i s t a n t  f r o n t i e r ,  and 

t o  explore  t h e  space about us .  For t he  f i r s t  time i n  man's h i s t o r y  h i s  s c i ence ,  

technology, and economy can support  h i s  imagination of t h e  p a s t  f o r  manned 

space t r a v e l ,  And because man can go i n t o  space,  he must. 



Man has an i n s a t i a b l e  c u r i o s i t y  t o  l ea rn  everything poss ib le  about 

himself and the  universe,  t o  explore new regions,  t o  improve the  p a s t .  

His c u r i o s i t y  has o f t en  been the  measure of h i s  progress. Today we have 

j u s t  crossed the  threshold of man's g r e a t e s t  adventure. 

During the  f i r s t  f i v e  years of the  Space Age the re  has been an epidemic 

of statements on i t s  meaning f o r  man. These have ranged from vague implicat ions 

of unforeseen but  c e r t a i n  benef i t s  t o  r a sh  declara t ions  t h a t  space explorat ion 

i s  the  panacea f o r  a l l  our i l l s .  The t r u t h  l i e s  somewhere i n  between. 

The r e s u l t s  of s c i e n t i f i c  inqui ry  can seldom be fore to ld  with accuracy. 

But h i s t o r y  teaches t h a t  i t  always pays, of ten  i n  the  most unexpected manner, 

t o  probe the  mysteries of the  universe about us .  
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