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A B S T R A C T  

The development of carrier rockets for manned space missions has been 

one of the major activities in the aerospace field during the past 

decade. The early space efforts were made possible by the existence 

of large ballistic missiles. It soon became obvious that the delivery 

of weapons and the launch of large spacecraft could not be combined into 

one operational system in an efficient way; therefore, a family of space- 

craft boosters had to be created. 

The Saturn System is a significant development of such a carrier rocket 

for space operations, and will develop, in its final version, the 

Saturn V, the most powerful carrier at the present time. 

The LH2/LOX technology developed by Douglas for NASA represented by the 

Saturn S-IV and S-IVB stages could also be applied to smaller LOX/LH 
2 

vehicles. Larger rockets generally can achieve higher mass fractions 

due to structural and equipment weight efficiencies. Smaller stages 

require increased sophistication to achieve similar design mass fraction 

objectives. The techniques used on S-IV and S-IVB are applicable 

specifically in the areas of aluminum tankage, ground equipment, pres- 

surization techniques, propellant management, propellant utilization, 

and instrumentation disciplines. The Saturn S-IV/S-IVB technology will 

significantly contribute to space flights in the future. 



S-IVB SATURN HIGH ENERGY UPPER STAGE 
AND ITS DEVELOPMENT 

INTRODUCTION 

The development of c a r r i e r  rockets  f o r  manned space missions has been one 

of t h e  major a c t i v i t i e s  i n  t h e  aerospace f i e l d  during t h e  p a s t  decade. 

The e a r l y  space e f f o r t s  were made poss ib le  by t h e  exis tence  of l a r g e  

b a l l i s t i c  m i s s i l e s .  It soon became obvious t h a t  t h e  de l ive ry  of  weapons 

and t h e  launch of l a r g e  spacecraf t  could not be combined i n t o  one operz- 

t i o n a l  system i n  an e f f i c i e n t  way; t h e r e f o r e ,  a  family of  spacec ra f t  

boos ters  had t o  be crea ted .  

The United S t a t e s  Saturn system i s  a  s i g n i f i c a n t  development of' such a 

c a r r i e r  rocket  f o r  space opera t ions ,  and w i l l  develop, i n  i t s  f i n a l  ve r s ion ,  

t h e  Saturn V ,  t h e  most powerful c a r r i e r  of t h e  present  t ime.  ( ~ i g u r e  1) 

The performance of t h e s e  systems, i n  car ry ing  l a r g e  weights t o  t h e  moon 

and p l a n e t s ,  i s  l a r g e l y  determined by t h e  use of  rocket  engines consuming 

t h e  high energy p rope l l an t s ,  oxygen and hydrogen. These engines have been 

developed t o  a high degree of r e l i a b i l i t y  during t h e  l a s t  t e n  years  and 

gradual ly  incorporated i n t o  t h e  l a r g e  m i l t i s t a g e  c a r r i e r s .  

Staging of rocket  c a r r i e r s  i s  t h e  most e f f i c i e n t  way t o  t r a n s p o r t  payloads 

t o  t h e  necessary a l t i t u d e s  and then  acce le ra t e  them t o  high v e l o c i t i e s .  

I n  t h e s e  systems, performance requirements a r e  most c r i t i c a l  f o r  t h e  end- 

s t age  because of t h e  requi red  accuracy of de l ive ry ,  and t h e  r a t i o  of burn- 

out weight t o  payload. The o v e r a l l  performance of t h e  end-stage has 

g r e a t e r  inf luence  than  t h e  primary s t ages .  The Saturn V launch veh ic l e  



f o r  t h e  lunar  mission requires  50 pounds of booster weight a t  l i f t o f f  f o r  

each pound of payload in jec ted  i n t o  a t rans lunar  t r a j e c t o r y .  Without high 

energy upper s t ages  t h i s  f a c t o r  would be s i g n i f i c a n t l y  g rea te r .  

The Saturn program, so  f a r ,  has crea ted  t h r e e  d i s t i n c t  vehic le  systems: 

t h e  Saturn I, t h e  Saturn I B ,  and t h e  Saturn V. ( ~ i g u r e  2 )  

The Saturn I, a two-stage c a r r i e r ,  cons i s t s  of t h e  S-I f i r s t - s t a g e  and t h e  

S-IV second-stage. The t e n  t e s t  f l i g h t s  conducted with t h i s  vers ion,  a l l  

of them successful ,  provided information and experience i n  t h e  handling 

and performance of t h i s  type of rocket booster.  This system, with an 

o r b i t a l  payload of 20,000 pounds, f u l f i l l e d  a l l  expectations and has opened 

t h e  way f o r  t h e  development of t h e  next generat ion of l a r g e  c a r r i e r s .  

The Saturn I B ,  another two-stage c a r r i e r  cons i s t s  of a modified S-I f i r s t -  

s tage  and t h e  S-IVB, a l a r g e r  upper s tage ,  ( f i g u r e  3 ) .  The f i r s t  3 t e s t  

f l i g h t s  were successful ly  conducted i n  February, J u l y  and August 1966, 

( f i g u r e  4 ) .  The Saturn I B  w i l l  not only t e s t  t h e  performance and t h e  

r e l i a b i l i t y  of t h e  new second-stage t h e  S-IVB, ( f igure  5 ) ,  but a l s o  t e s t  

t h e  d i f f e r e n t  modules of Apollo and e s t a b l i s h  t h e  f i r s t  o r b i t a l  f l i g h t  with 

t h e  opera t ional  Apollo hardware. This c a r r i e r  w i l l  then continue t o  be 

used f o r  many s c i e n t i f i c  and opera t ional  experiments and w i l l  become one 

of  t h e  workhorses f o r  space explornt ion.  

The Saturn V ,  a  three-stage c a r r i e r ,  w i l l  be used a s  t h e  standard booster  

f o r  manned lunar  and planetary f l i g h t s  a s  wel l  a s  f o r  e s tab l i sh ing  l a r g e  

space s t a t i o n s  i n  t h e i r  des i red  o r b i t s .  The Saturn V cons i s t s  of t h e  f i r s t -  

s tage ,  S-IC, with a propulsion system creat ing 7.5 mi l l ion  pounds of t h r u s t  



and l i f t i n g  i n  t h e  Apollo mission 6,400,000 pounds of weight.  The 

second-stage i s  t h e  S-11, a multi-engined boos ter  wi th  one-million pounds 

of  t h r u s t  which a c c e l e r a t e s  1,440,000 pounds, us ing  t h e  same high energy 

hydrogen f u e l  a s  t h e  t h i r d  and f i n a l  s t a g e ,  t h e  S-IVB. ( ~ i g u r e  6 )  

The development of  Carr ie -  rocke t s  i n  t h e  USA has been h i s t o r i c a l l y  a  j o i n t  

ventuf-e of  government and t h e  a i r c r a f t  indus t ry .  There seems t o  be a  

l o g i c a l  cohnect ion between t h e  technologies  of  a i r c r a f t  and s p a c e c r a f t  

developmen%; but  t h i s  i s  on ly  p a r t i a l l y  t r u e .  A i r c r a f t  develdpmedt i s  

probably c l o s e r  t o  spacec ra f t  development t han  any o t h e r  t y p e ,  bu t  it i s  

s u f f i c i e n t l y  d i f f e r e n t  t o  r e q u i r e  s p e c i a l  r u l e s  and approaches and h a s ,  

t h e r e f o r e ,  e s t ab l i shed  a  philosophy of i t s  own. Before desc r ib ing  t h e  

S-IVB s t a g e  i n  d e t a i l  it may be d e s i r a b l e  t o  g ive  some informat ion  about 

t h e  development of space systems i n  gene ra l .  

SPACE BOOSTER DEVELOPMENT 

Space systems u s u a l l y  r e q u i r e  a  s i g n i f i c a n t  r e sea rch  and development (R&D) 

e f f o r t  t o  b r i n g  new hardware concepts t o  t h e  ope ra t iona l  phase. The 

magnitude of t h i s  e f f o r t ,  i n  both resources  and schedule,  g e n e r a l l y  i s  

d i r e c t l y  p ropor t iona l  t o  t h e  degree of advancement i n  t h e  s ta te -of - the-ar t  

of t h e  c r i t i c a l  t e c h n i c a l  d i s c i p l i n e s .  New technologies  and new management 

and c o n t r o l  p r i n c i p l e s  have t o  be developed. For l a r g e  boost  v e h i c l e s ,  

major po r t ions  of t h e  program resources  must be devoted t o  producing t h e  

ex tens ive  ground support equipment and f a c i l i t i e s ,  i n  a d d i t i o n  t o  f l i g h t  

hardware design and development. Mission requirements e s t a b l i s h  t h e  f l i g h t  

hardware conf igu ra t ion .  The f a c i l i t i e s  and ground support equipment (GSE) ,  



i n  tu rn ,  must accommodate t h e  f l i g h t  hardware configuration without 

compromise of t h e  basic mission requirements. The hardware configuration 

i s  defined only i n  gross concepts i n  t h e  i n i t i a l  phase of t h e  program. 

Since t h e  development of GSE and f a c i l i t i e s  demand a s imilar  time span a s  

t h e  vehic le  i t s e l f ,  requirements f o r  t h i s  equipment must be determined with - 
adequate f l e x i b i l i t y  and capabi l i ty  t o  s a t i s f y  t h e  vehicle through i t s  

complete development cycle. Since current  c a r r i e r  rockets a r e  expendable, 

a comprehensive ground t e s t i n g  program of components and complete systems 

i s  required t o  achieve ea r ly  f l i g h t  success. This extensive t e s t i n g  has a 

major impact i n  t h e  type and qua l i ty  of GSE and f a c i l i t i e s .  

Management techniques a r e  undergoing evolutionary changes t o  more e f f i c i e n t l y  

accomplish t h i s  system development phase. Emphasis today i s  sh i f t i ng  t o  

f i n a l i z e  t h e  development program planning and documentation t o  f irmly 

e s t ab l i sh  t h e  system requirements p r io r  t o  hardware fabr icat ion.  Major 

program phases a re :  

Phase A - Conceptual/Feasibility 

Phase B - Preliminary Definit ion 

Phase C - Development 

Phase D - Operations. 

Formal review by both t h e  Government and contractor managers i s  required 

at  t h e  completion of each phase. Before f i n a l  commitment t o  production 

hardware, it i s  then possible t o  define t he  development program with t h e  

good assurance of producing t h e  required operational  system within t h e  

avai lable  resources and on time. 



Development programs can be divided i n t o  severa l  funct ional  areas :  design, 

manufacturing, t e s t ,  and f l i g h t .  The United S ta tes  aerospace indust ry  

c h a r a c t e r i s t i c a l l y  performs these  functions i n  an overlapped fashion t o  

minimize t h e  t o t a l  development schedule. The design phase requires  tech- 

n i c a l  ana lys i s  and applied research t o  resolve s i g n i f i c a n t  technological  

unknowns f o r  d e t a i l e d  design of components and subsystems. This phase 

r e s u l t s  i n  t h e  re lease  of drawings and spec i f i ca t ions  t o  vendors t o  i n i t i a t e  

manufacturing. Production planning, too l ing  design and f a b r i c a t i o n  l ead  

t o  manufacturing of ground support and f l i g h t  equipment. 

Ground t e s t i n g  simulates t h e  f l i g h t  design requirements. The an t i c ipa ted  

l e v e l  of a c t u a l  f l i g h t  environments a r e  usual ly  exceeded, leaving t h e  mar- 

g i n  a s  small a s  poss ib le  t o  assure  high performance without degrading 

r e l i a b i l i t y .  Acoustical ,  s t r u c t u r a l ,  s t a t i c  and dynamic, and thermal 

environments a r e  among those  imposed upon t e s t  a r t i c l e s .  Only a f t e r  

development and q u a l i f i c a t i o n  t e s t i n g ,  a r e  t h e  components and subsystems 

committed t o  f i n a l  system t e s t i n g .  Saturn s tages  use s t r u c t u r a l ,  dynamic, 

b a t t l e s h i p  and f a c i l i t y  loading vehic les  f o r  ground t e s t i n g .  These t e s t  

vehic les  provide p r e f l i g h t  system operat ing data .  For l a r g e  c a r r i e r  

rockets ,  s t a t i c  f i r i n g  t e s t s  a r e  conducted on t e s t  s tands t o  provide 

system q u a l i f i c a t i o n  and v e r i f i c a t i o n  t e s t i n g  p r i o r  t o  f l i g h t .  Extensive 

instrumentat ion i s  genera l ly  used during t h i s  ground t e s t  phase t o  provide 

maximum techn ica l  d a t a  r e t r i e v a l ,  ( f igures  7 and 8 ) .  

It should be noted t h a t  energy re lease  r a t e s  f o r  space rocket  propulsion 

systems a r e  severa l  magnitudes higher than i n  a i r c r a f t  propulsion systems. 

Combustible f u e l s  and oxidizers  require  s t r ingen t  s a f e t y  measures t o  



preclude t e s t  f a i l u r e s  and possible stage destruction.  Another f ac to r  

requiring comprehensive instrumentation i s  t h a t  remote contYo;l and obser- 

vation a r e  mandatory during t h e  development phase. (Figure 9.) 

The s t a t i c  acceptance f i r i n g  of a f l i g h t  vehicle ( f igure  10)  i s  not t h e  

f i n a l  s t ep  fo r  f l i g h t  commitment. A successful checkout, jus t  p r i o r  -LO 

launch, c e r t i f i e s  t h e  booster ready f o r  f l i g h t .  The value of acceptance 

f i r i n g  does not have universal  acceptance. One fac t ion  considers t h a t  

s t a t i c  f i r i n g  expends operational  l i f e  and degrades ult imate f l i g h t  

r e l i a b i l i t y .  S t a t i c  Fir ing,  proponents, on t h e  other hand, argue t h a t  

ea r ly  i n  a development program t h i s  degration i s  more than outweighed by 

system operating experience obtained. The eventual r e su l t  is  dele t ion o f ,  

acceptance f i r i n g  a t  an appropriate point i n  t h e  s tage hardware develop- 

ment program. 

Large c a r r i e r  rockets must be brought t o  operational  s t a tu s  with a minimum 

of developmental f l i g h t s .  Although ear ly  miss i l e  t e s t  programs fequired 

a s  many a s  50 developmental shots ,  current space booster ground and f l l g n t  

t e s t  philosophy and t h e  introduction of multi-channel f l i g h t  telemetry has 

permitted t h e  number t o  be reduced by a fac tor  of t en ,  conserving cost  and 

time. This has been accomplished by rigorous, successful ground t e s t l n g ,  

followed by a f l i g h t  program with ea r ly  success. This has been demonstrated 

i n  t h e  Saturn program where t h e  Saturn I rocket booster achieved success 

on a l l  t e n  of i t s  f l i g h t s  and t h e  Saturn I B  rocket was successful  on t h e  

f i r s t  attempt. 

Early l i qu id  rockets used l i qu id  oxygen (LOX) with convenb~urlal noncryogenic 

hydrocarbon fue l s  such as  e thyl  alcohol. The V-2 b a l l i s t i c  miss i l e  

6 



represented t h e  f i r s t  major operat ional  development of t h i s  propel lant  

combination. Subsequent l i q u i d  booster  systems evolved using  ker kerosene 

and s to rab le  propel lants  such a s  ni trogen t e t rox ide  ( N  0 ) and unsymmetrical 2 4 
dimethyl hydrazine (UDMH) and hydrazine ( N  H ) combinations. Although 

2 4 

s to rab le  systems genera l ly  have somewhat lower s p e c i f i c  impulse than  LOX- 

hydrocarbon systems, they possess opera t ional  advantages such a s  s impl i f ied  

ground equipment, s t o r a b i l i t y ,  reduced s a f e t y  hazards (excluding t o x i c i t y ) ,  

and excel lent  f l i g h t  readiness.  Another family of rockets  use  s o l i d  pro- 

p e l l a n t s  because of improved opera t ional  c h a r a c t e r i s t i c s ,  such a s  

propulsion system s impl ic i ty  and f a s t  launch reac t ion  time. 

For chemical p rope l l an t s ,  LOX/LH i s  one of t h e  highest  performing l i q u i d  
2 

propel lant  combinat ions known and used today. It produces approximately 

430 seconds impulse f o r  l a r g e  a rea  r a t i o  nozzles. Liquid f l u o r i n e / l i q u i d  

hydrogen (LF /LH ) produces approximately 7 percent improvement i n  s p e c i f i c  2 2 

impulse but  i s  s t i l l  i n  i t s  ea r ly  developmental phase. Because of t h e  

g rea t  development experience with LOX, f luor ine  may never be used f o r  

f l i g h t  systems. 

LH2 TECHNOLOGY 

Work i n  t h e  United S t a t e s  on LH2 rockets  dates  from 1952. An i n i t i a l  

problem was e f f i c i e n t  production of LH i n  l a r g e  q u a n t i t i e s .  S ign i f i can t  
2 

pioneering research work w a s  conducted by t h e  National Bureau of Standards 

i n  t h e  conversion of ortho-hydrogen t o  para-hydrogen. Because of t h e  

extremely low sa tu ra t ion  temperature a t  one atmosphere (21" ~ e l v i n )  hydro- 

gen poses ser ious  ground handling problems. Much of t h e  technology 



developed f o r  LOX was applicable t o  LH2 both i n  ground and f l i g h t  systems 

which helped speed development. Detai led t echn ica l  areas  of LH systems 
2 

requir ing s p e c i a l  considerat ion were: 1) valve design, 2 )  propellant  

t r a n s f e r  techniques,  3 )  purging techniques and f i l l  procedures, 4 )  venting 

techniques,  5 )  s a f e t y ,  and 6 )  instrumentation. 

I n  t h e  design of LH2 valves t h e  general  packing designs adequate f o r  LOX 

a r e  a l s o  applicable t o  LH2 se rv ice ,  ( f i g u r e  11). The major d i f ference  i s  

assuring t h a t  t h e  packing glands a r e  located  f a r  enough from LH2 t o  keep 

t h e  sha f t  and s e a l  temperature equivalent t o  t h a t  of LOX service.  Because 

t h e  hydrogen molecule i s  s i g n i f i c a n t l y  smaller ,  leakage poses a much more 

severe problem. S ign i f i can t ly  t i g h t e r  shaf t  and s e a l  to lerances  a r e  

required.  

Large s torage  vesse l s  a r e  located  remotely from t h e  t e s t  s tand a rea  f o r  

sa fe ty .  This requires  long propellant  t r a n s f e r  l i n e s .  LH 2 l i n e s  must be 

vacuum jacketed t o  minimize bo i lo f f  and t o  assure good qua l i ty  l i q u i d  pro- 

p e l l a n t  i n t o  t h e  f l i g h t  tanks.  Bolted f lange connections a r e  avoided 

wherever poss ib le  by welding l i n e s  together.  A t  geometric d i s c o n t i n u i t i e s ,  

such a s  valve bodies,  foam insu la t ion  i s  used t o  minimize heat  l e a k s ,  s ince  

a vacuum jacket around a valve body could be excessively complex. 

Large LH2 tanks require  specia l ized purge techniques t o  avoid t h e  

accumulation of oxygen, moisture, l i q u i d  or  frozen a i r ,  frozen ni t rogen,  

and other  contaminants. A LH2 tank i s  f i l l e d  with gaseous ni trogen f o r  

l eak  checks and standby. The ni trogen i s  then expelled by a s e r i e s  of 

helium purges u n t i l  t h e  ni trogen content i s  reduced below 1 percent by 

volume. It i s  important t o  keep helium pressurant f r e e  of moisture. 



The maximum commercial p u r i t y  a t t a i n a b l e  i s  used. F i l l i n g  procedures use 

low flow r a t e s  u n t i l  t h e  hydrogen tank pressurant  (helium) i s  c h i l l e d  t o  

near working temperatures. I f  t h i s  i s  not done, geysering of LH can 
2 

cause rap id  cooling reducing tank pressure below atmospheric pressure ,  

r e s u l t i n g  i n  inversion of t h e  tank wall .  After  LH operat ing temperatures 
2 

have been achieved a t  low l e v e l s ,  t h e  tank i s  r ap id ly  loaded a t  t h e  maxi- 

mum f i l l  r a t e  t o  t h e  99 percent l e v e l .  Topping t o  t h e  100 percent l e v e l  

i s  conducted a t  low flow r a t e s .  The LOX loading i s  s imi la r  t o  t h i s  

procedure. 

The S-IVB common bulkhead undergoes severe thermal s t r e s s e s  i n  t h e  loading 

procedure. To minimize t h e s e ,  t h e  LOX tank i s  f i l l e d ,  pu t t ing  t h e  upper 

face  (LH Tank s i d e )  i n  compression. When LH2 i s  introduced, t h e  thermally 
2 

induced s t r e s s e s  a r e  re l ieved by t h e  cold hydrogen. 

Hydrogen has a very wide flammability range i n  a i r  (from 4 percent t o  

75 percent  concentrat ion by volume). Whenever hydrogen i s  handled i n  

l a r g e  systems, leaks  a r e  poss ib le .  I n  addi t ion ,  when l a r g e  q u a n t i t i e s  of 

hydrogen a r e  vented o r  dumped, s t a t i c  discharge may provide an i g n i t i o n  

source. To preclude ser ious  f i r e s ,  hydrogen i s  vented through a closed 

system t o  a remote loca t ion  from t h e  t e s t  stand. Douglas, a t  i t s  s t a t i c  

t e s t  s i t e ,  uses a burn pond where hydrogen i s  consumed under con t ro l l ed  

condit ions i n  a i r .  

A s  previously s t a t e d ,  hydrogen systems inevi tably  produce leaks  because of 

t h e  extremely small molecule s i z e  and low handling temperatures. F i r e  

de tec t ion  and hydrogen sensing a r e  both important. Low pressure hydrogen 

i n  l a r g e  q u a n t i t i e s  has been s p i l l e d  without causing a f i r e .  



However, when higher pressure hydrogen leaks  a r e  encountered (200-300 psi ) 

f i r e s  almost always r e s u l t .  The hydrogenlair flame i s  of very low lumi- 

nos i ty ,  genera l ly  inv i s ib le .  Douglas uses burn wires,  s trung a t  c r i t i c a l  

loca t ions  i n  t h e  engine compartment and near t h e  tank f i l l  and engine feed 

l i n e s  and valves.  Discontinuity i n  t h e  wire,  caused by burning, w i l l  auto- 

mat ica l ly  provide a s igna l ,  The system has worked with high r e l i a b i l i t y .  

It i s  rou t ine  procedure f o r  t e s t  personnel t o  v i s u a l l y  examine t h e  condition 

of t h e  vehic le  f o r  leaks  a f t e r  propel lants  a r e  loaded p r i o r  t o  t h e  

acceptance f i r i n g .  A simple e f f e c t i v e  sensor de tec t s  hydrogen concentra- 

t i o n e s  low a s  1 percent .  After  loca t ing  t h e  source, correc t ive  measures 

can be  taken.  

INSTRUMENTATION 

Temperature and pressure transducer instrumentation techniques evolved f o r  

LOX a r e  d i r e c t l y  applicable t o  LH2. Temperature transducers,  e i t h e r  a s  

probes t o  measure f l u i d  temperature o r  a s  patches t o  measure surface  

temperatures are constructed from f i n e  platinum wire. (On S-IVB, 0.4 t o  

1.0 m i l l  diameter wire [0.0004 t o  0.001 inches] i s  wound around a platinum 

o r  ceramic mandrel. Temperature change v a r i e s  t h e  res i s t ance  of a Wheat- 

s tone  bridge.  The res i s t ance  va r ia t ions  may be accura te ly  predic ted  by 

c a l i b r a t i o n  at various temperatures.) Temperatures measured on S-IVB vary 

from -440' t o  +1800°~. 

Square temperature patches (from 0.1 inches t o  1 .0  inches)  a r e  bonded t o  

veh ic le  s t r u c t u r e ,  black boxes, and propellant  l i n e s .  The major d i f fe rence  



between t h e  s u r f a c e  pa tches  and t h e  aforementioned probes i s  i n  t h e  

phys i ca l  con f igu ra t ion  and i n s t a l l a t i o n  modes. 

P re s su re  t r ansduce r s  used on t h e  S-IV and S-IVB a r e  comprised of s t r a i n  

gage and potent iometer  t y p e s .   h he s t r a i n  gage c o n s i s t s  of a s t a i n l e s s  

s t e e l  diaphragm wi th  t h e  gage c i r c u i t  a t t ached  t h e r e t o .  P re s su re  d e f l e c t s  

t h e  diaphragm, e l a s t i c a l l y  s t r e t c h i n g  t h e  wi re ,  and unbalancing t h e  Wheat- 

s tone  b r i d g e . )  Hydrogen p re s su res  a r e  measured from -425O~ t o  + 6 0 0 ° ~ ,  

main ta in ing  high accuracy and frequency response where necessary .  

Potent iometer  t r ansduce r s  a r e  used t o  handle low frequency p re s su res  i n  

moderate environments . ( A  Bourdon t u b e ,  o r  bellows , a c t u a t e s  a  movable 

c o n t a c t ,  aga in  changing t h e  r e s i s t a n c e  of  a Wheatstone b r i d g e . )  

Po in t  l e v e l  s enso r s  i n d i c a t e  l i q u i d  l e v e l  measuring t h e  change i n  capaci-  

t a n c e  of f o u r  s t a i n l e s s  s t e e l  concent r ic  r i n g s .  The change i n  capac i tance  

i s  caused by t h e  d i f f e r e n c e  i n  d i e l e c t r i c  cons tan t  between l i q u i d  and gas .  

Conventional t u r b i n e  flow meters  a r e  used t o  measure f low r a t e s ;  and p iezo  

e l e c t r i c  c r y s t a l  elements a r e  used f o r  v i b r a t i o n  and a c o u s t i c s .  

MATERIALS 

Mate r i a l  s e l e c t i o n  i s  c r i t i c a l  f o r  cryogenic p rope l l an t s .  The AISI 300 

s e r i e s  (18 percent  chromium and 8 percent  n i c k e l  a l l o y  group)  s t a i n l e s s  

s t e e l  i s  ex tens ive ly  used f o r  ground i n s t a l l a t i o n  due t o  i t s  e x c e l l e n t  low 

temperature c h a r a c t e r i s t i c s  and good we ldab i l i t y .  S p e c i f i c  a l l o y s  used a r e  

3 0 4 ~  (low ca rbon) ,  321 ( t i t an ium s t a b i l i z e d ) ,  and 347 (columbium s t a b i l i z e d ) ,  



depending upon t h e  s p e c i f i c  app l i ca t ion .  Usually 3 0 4 ~  o r  321 a r e  

p r e f e r a b l e  f o r  most welding app l i ca t ions .  

Sa turn  propel lant  tanks  a r e  f ab r i ca ted  from aluminum a l l o y  f o r  both LH 2 

and LOX tanks .  Douglas uses 2 0 1 4 ~ 6  aluminum a l l o y  which i s  mechanically 

formed, chemically and mechanically mi l led  t o  form i n t e g r a l  waffle  p a t t e r n s  

i n  a r e a s  encountering c r i t i c a l  buckling loads.  The tank sec t ions  a r e  

welded using metal-inert-gas (MLG) and tungsten-insert-gas (TIG) processes.  

Extensive t o o l i n g  i s  requi red  t o  achieve acceptable to l e rances  both i n  

d e t a i l  f a b r i c a t i o n  and assembly. This type  of aluminum s t r u c t u r e  has t h e  

advantage of being free-standing on t h e  launch pad with t h e  payload 

emplaced without i n t e r n a l  pressure  requi red .  

Titanium 6 ~ 1 4 ~  a l l o y  i s  used f o r  t h e  S-IVB s t age  high pressure  (3,000 p s i )  

b o t t l e s ;  22-inch diameter spheres a r e  immersed i n  LH f o r  minimum system 2 

weight. Ambient temperature gas s torage  i s  accomplished with 24-inch 

diameter spheres.  The exce l l en t  s t r e n g t h  p roper t i e s  a t  LH2 temperatures,  

and t h e  high strengthlweight  r a t i o s  exhib i ted  a t  ambient temperatures a r e  

t h e  major advantages provided by t i tan ium.  So l id  r o l l e r  b i l l e t s  a r e  

forged,  machined, and d i f fus ion  welded t o  form t h e  spheres. 

P o t e n t i a l  t i t an ium app l i ca t ions  t o  l a r g e  volume tankage with LOX and LH2 

a r e  of i n t e r e s t ;  however, t i t an ium i s  not considered compatible with LOX 

by some agencies. By s u i t a b l e  t reatment  o r  pass iva t ion ,  t h i s  problem can 

probably be overcome. 

Teflon ( f l u o r i n a t e d  hydrocarbon) i s  used i n  conjunction with ra ised-face ,  

s e r r a t e d  s e a l s  f o r  bol ted  f lange  connections on t h e  ground. Other l ine-  



j o in t s  use r i ng  face  s ea l s  with oval o r  octagonal cross sect ion copper 

r ings .  This jo in t  i s  used where disassembly i s  absolutely necessary t o  

remove components f o r  maintenance. A s  previously s ta ted ,  welded connections 

are used whenever possible t o  preclude leakage. 

Although LH does not have t h e  incompatibil i ty problems cha rac t e r i s t i c  of 
2 

LOX, t h e  same l e v e l  of system cleanl iness  i s  used. I n  addi t ion,  l i q u i d  

hydrogen encounters contamination from N2,  H 0, and l i qu id  air. These 2 

frozen const i tuents  can cause valve and heat exchanger malfunctions. Tanks 

must be per iod ica l ly  emptied and brought t o  ambient temperature. 

E?JGINE DEVELOPMENT 

I n  a i r c r a f t ,  a s  well  a s  i n  spacecraft development, propulsion system 

development has preced vehicle development by several  years. P r a t t  and 

Whitney s t a r t e d  development of t h e  f i r s t  LH2 engine i n  1957. The RL-10 

i s  a 15,000 pound t h r u s t ,  300 p s i  chamber pressure engine using LOX/LH 2 

a t  a mixture r a t i o  of 5 t o  1 (oxidizer t o  f u e l ) .  No gas generator w a s  

used, tu rb ine  power being provided by GH2 bled from t h e  t h r u s t  chamber 

regenerative cooling jacket. Hydrogen i s  bypassed around t h e  tu rb ine  

pump and fed d i r e c t l y  i n to  t h e  in jec tor  t o  control  t h e  chamber pressure 

and t h rus t .  The f i r s t  f l i g h t  was used on t h e  Centaur s tage whose develop- 

ment w a s  i n i t i a t e d  i n  1958. Development of t h e  Saturn S-IV s tage was 

i n i t i a t e d  i n  1960. After  overcoming t h e  development problems cha rac t e r i s t i c  

of t h e  new LH engine technology, t h e  P&W RL-10 engine emerged a s  an 
2 

extremely r e l i a b l e  engine. This was important since two of t h e  engines 



were used on each Centaur and s i x  engines were c lus tered  t o  provide 

90,000 pounds of t h r u s t  f o r  t h e  S-IV. 

The next major advance i n  engine development brought t h e  Rocketdyne J-2 

200,000 pound LOX/LH2 engine t o  t h e  operat ional  phase. This program was 

i n i t i a t e d  i n  1960. The engine cycle was conventional,  using t h e  gas 

generator  f o r  t u r b i n e  power supply, driving separate oxidizer  and f u e l  

tu rb ines  and pumps. Turbine exhaust i s  introduced i n t o  t h e  t h r u s t  chamber 

divergent nozzle. Like t h e  RL-10, t h i s  engine i s  a l s o  used f o r  two f l i g h t  

app l i ca t ions .  The S-I1 s tage  c l u s t e r s  f i v e  of these  engines t o  produce 

1,000,000 pounds of t h r u s t  f o r  t h e  second s tage  of t h e  Saturn V launch 

vehic le .  The S-IVB uses a s ing le  engine f o r  both t h e  Saturn IBIS-IVB and 

t h e  Saturn V/S-IVB, t h e  l a t t e r  i n  a r e s t a r t a b l e  configurat ion.  The S-I1 

program was i n i t i a t e d  i n  September 1961; t h e  S-IVB program was i n i t i a t e d  

i n  December 1961 - lagging engine development by a year. 

Engine development t e s t s  f o r  t h e  RL-10 were conducted fo r  approximately 

four years  p r i o r  t o  i n s t a l l a t i o n  on t h e  s tage .  J-2 development t e s t s  

were conducted f o r  two years p r i o r  t o  s tage  t e s t i n g .  The s tage  development 

programs f o r  t h e  S-IV and S-IVB i n i t i a l l y  used heavy-walled, s t a i n l e s s  

s t e e l  Ba t t l e sh ip  nonfl ight  s tages  with i n t e r n a l  tank geometry i d e n t i c a l  

t o  t h e  f l i g h t  tank volumes and shapes. After  a s e r i e s  of system v e r i f i -  

ca t ion  t e s t s  confirming t h e  bas ic  s tage  propulsion system design concepts, 

prototype f l i g h t  configurat ion system t e s t i n g  was i n i t i a t e d .  Using t h i s  

technique, t h e  S-IV and S-IVB s tages  were s u f f i c i e n t l y  developed through 

ground t e s t i n g  t o  achieve successful  f i r s t  f l i g h t s .  Even a f t e r  s t a t i c  



f i r i n g ,  engine development i s  continued t o  f u r t h e r  improve engine 

r e l i a b i l i t y  add performance. With each successful  f l i g h t ,  t h e r e f o r e ,  

s tage  r e l i a b i l i t y  improves. 

S-IVB MISSIONS 

A s  s t a t e d  before ,  t h e  bas ic  funct ion of an upper s tage  i s  t o  provide 

s u f f i c i e n t  k i n e t i c  energy i n  a predetermined d i rec t ion  f o r  t h e  spacecraf t  

t o  achieve i t s  primary mission, which i s  e a r t h  o r b i t a l  ve loc i ty  i n  t h e  

case  of t h e  Saturn 11s-IV and t h e  Saturn IBIS-IVB appl ica t ions .  The S-IV 

s tage  provided approximately 85 percent of t h e  payload k i n e t i c  energy 

i n j e c t i n g  approximately 22,000 pounds of payload i n t o  100 n a u t i c a l  mi le  

e a r t h  o r b i t .  The Saturn IBIS-IVB correspondingly provides 90 percent of 

t h e  payload t o t a l  k i n e t i c  energy in jec t ing  approximately 36,000 pounds of 

payload i n t o  100 nau t i ca l  mile o r b i t .  For t h e  Saturn V three-stage veh ic le ,  

t h e  S-IVB provides 60 percent of t h e  payload k i n e t i c  energy, 50 percent of 

t h a t  i n  t h e  second burn a f t e r  r e s t a r t  from e a r t h  o r b i t  i n t o  t h e  t r ans lunar  

t r a j e c t o r y .  This i s  a measure of t h e  c r i t i c a l i t y  i n  performance of t h e  

upper s tage .  I n  performing i t s  primary funct ion,  t h e  S-IVB must i n t e r f a c e  

with t h e  J-2, t h e  Instrument Unit,  and t h e  ground support equipment a t  t h e  

s t a t i c  t e s t  and launch f a c i l i t i e s .  Other mission requirements a r e  t o  

provide vehic le  f l i g h t  control  by gimballing t h e  J-2 engine and by ac tuat -  

ing  t h e  Auxil iary Power System (APS), telemeter  f l i g h t  performance da ta  t o  

ground s t a t i o n s ,  and separate from t h e  lower stages.  

I n  performance of t h e  dual  burn mission f o r  t h e  Saturn V vehic le  applica- 

t i o n ,  approximately 6-112 hours of coast ing f l i g h t  a r e  required.  



During t h i s  period,  t h e  S-IVB APS must provide vehicle/spacecraft  a t t i t u d e  

control .  During t h e  4-112 hours of ea r th  o r b i t a l  coasting f l i g h t ,  an 

addi t ional  propellant  management requirement is  imposed under zero g o r  

-5 near-zero g (10 g ' s ) .  Under t h i s  extremely low acceleration,  t h e  l i qu id  

hydrogen tank i s  continuously vented a t  a pressure l e v e l  of approximately 

20 psia.  The hydrogen b o i l s  due t o  aerodynamic heating during boost, and 

so l a r  and ea r th  albedo fluxes i n  o rb i t .  It i s  essen t ia l  t h a t  only gaseous 

hydrogen be discharged t o  r e t a i n  t h e  l i qu id  propellant f o r  maximum pro- 

pulsive efficiency.  Baffles a r e  required t o  preclude l i qu id  entrainment 

i n  t h e  hydrogen vent l i n e .  The f e a s i b i l i t y  of t h i s  technique has been 

proven i n  an experiment with a spec ia l ly  modified Saturn S-IVB stage,  

( f igures  12 and 13 ) .  Observation of t h e  hydrogen tank i n t e r i o r  was t e l e -  

metered t o  ground s ta t ions  from on-board f l i g h t  t e lev i s ion ,  ( f igure  4 ) .  

Special  instrumentation t o  determine hydrogen propellant l iquid/gas phase 

in te r face  posi t ion was a lso  provided. 

After  r e s t a r t ,  when t h e  remaining two-thirds of t he  S-IVB propellant i s  

consumed, t h e  stage provides two hours of translunar coast a t t i t u d e  con- 

t r o l  during which t h e  Apollo Spacecraft Command/Service Module (CSM) i s  

xansposed and docked t o  t h e  Lunar Excursion Module (LEM).  Only a f t e r  

;his  operation i s  t h e  Apollo spacecraft complex separated from t h e  S-IVB. 

3YSTEMS DESCRIPTION 

The S-IV and S-IVB f l i g h t  stages a r e  comprised of t he  following major 

subsystems: s t ruc ture ,  propulsion, control ,  and e lect ronics .  



A s  previously indicated ,  t h e  propellant  tank assembly i s  an all-welded 

2014-~6 aluminum s t r u c t u r e  forming a c y l i n d r i c a l  hydrogen tank wa l l ,  

capped by hemispherical domes on each end. I n t e g r a l l y  connected t o  t h e  

a f t  dome, i s  an aluminum-faced f ibe rg lass  honeycomb sandwich common bulk- 

heat  ( f i g u r e  1 4 )  ( spher ica l  sec to r  i n  shape) separa t ing t h e  oxidizer  tank 

from t h e  f u e l  tank.  This design was o r i g i n a l l y  developed f o r  S-IV and 

d i r e c t l y  applied t o  t h e  S-IVB. Other major s t r u c t u r a l  subassemblies a r e  

t h e  forward and a f t  c y l i n d r i c a l  s k i r t s  and a f t  i n t e r s t a g e ,  b u i l t  with con- 

vent ional  skin  and s t r i n g e r  aluminum construction.  Thrust and gimbal loads 

from t h e  5-2 engine a r e  passed i n t o  t h e  vehic le  by an aluminum cas t ing  t o  

a conical  sk in  and s t r i n g e r  frustum mechanically a t tached t o  t h e  a f t  dome. 

The S-IVB s tage  separa t ion plane i s  between t h e  a f t  s k i r t  and i n t e r s t a g e .  

Separat ion i s  accomplished by exploding a confined detonating f u s e ,  pa r t ing  

a c y l i n d r i c a l  tens ion member i n i t i a t e d  by exploding bridgewire. 

An i n t e r e s t i n g  aerodynamic problem required provisions of vents  i n  t h e  a f t  

i n t e r s t a g e s  f o r  control led  dissemination of atmospheric pressure  during 

boost f l i g h t .  Careful s i z ing  of t h e  venting o r i f i c e s  was required  t o  

prevent excessive i n t e r n a l  pressure which could col lapse  lower s t age  

s t r u c t u r e  and ye t  provide adequate pressure d i f f e r e n t i a l  t o  counteract  

aerodynamic loads  (espec ia l ly  c r i t i c a l  f o r  t h e  conical  Saturn V i n t e r s t a g e ) .  

To minimize propel lant  bo i lo f f  of t h e  l i q u i d  hydrogen during o r b i t a l  

coas t ,  it i s  found necessary t o  provide i n t e r n a l  insu la t ion .  The thermal 

2 
conductivi ty i s  approximately 0.03 BTU/ft hr°F. This insu la t ion  was 

developed by Do-alas s p e c i f i c a l l y  f o r  t h e  Saturn upper s tage  app l i ca t ions .  

A polyurethane foam (0 .1  spec i f i c  g rav i ty )  i s  re inforced i n  t h r e e  



dimensions by orthogonally or iented  f ibe rg lass  strands.  The insu la t ion  

blocks,  approximately 1 foot  square by 1 inch t h i c k ,  a r e  nested and bonded 

i n  t h e  i n t e r n a l  waffle p a t t e r n  of t h e  hydrogen tank.  The forward dome i s  

covered with 112 inch t h i c k  insula t ion.  The i n t e r n a l  surface i s  l i n e d  by 

f i b e r g l a s s  c l o t h  impregnated with epoxy r e s i n .  Although t h i s  construction 

does not prevent hydrogen di f fus ion,  convective currents  a r e  so r e s t r i c t e d  

t h a t  appropriate heat t r a n s f e r  r a t e s  a r e  achieved. 

The major f'unctions of t h e  propulsion system a re :  propellant  containment, 

propellant  pos i t ioning,  p ressur iza t ion ,  engine feed,  venting,  and propel lant  

conditioning. Because mass f r a c t i o n s  must be maximized i n  t h e  upper s t age ,  

high propellant  u t i l i z a t i o n  e f f i c i e n c i e s  a r e  required.  During t h e  S-IVB 

terminal  countdown, j u s t  p r i o r  t o  launch, propel lants  a r e  topped off  t o  

&1 /4  percent nominal mission propellant  load. The maximum propellant  load 

leaves  only 3 t o  4 percent u l l age  f o r  i n i t i a l  pressurizing gas volume, 

imposing s t r i n g e n t  s t a r t i n g  requirements on t h e  pressur iza t ion system 

design. 

Dif ferent  design concepts a r e  used f o r  l i q u i d  hydrogen and l i q u i d  oxygen 

tank pressur iza t ion.  The design pressures i n  t h e  hydrogen and oxygen tank 

a r e  39 p s i a  and 44 p s i a ,  respect ively .  P r io r  t o  engine s t a r t  both tanks  

a r e  pressurized with helium from a ground source. During t h e  s t a r t i n g  

t r a n s i e n t  i n i t i a l  pressur iza t ion i s  provided by on-board helium supplied 

from high pressure b o t t l e s  through appropriate regula t ing devices. During 

steady s t a t e  operat ion,  t h e  l i q u i d  hydrogen tank i s  pressurized from warm 

hydrogen gas bled from t h e  5-2 a t  approximately l l O ° K .  The l i q u i d  oxygen 

pressurant  during S-IVB boost i s  supplied by cold helium b o t t l e s  immersed 



i n  t h e  l i q u i d  hydrogen tank,  heated by t h e  J-2 tu rb ine  pump exhaust gases 

i n  a heat  exchanger and subsequently in jec ted  a t  t h e  forward end of t h e  

oxidizer  tank.  This sophis t ica ted  technique i s  used t o  minimize storage 

b o t t l e  weights', again t o  maximize payload. 

Repressurizat ion f o r  Saturn V r e s t a r t  i s  accomplished using helium from 

t h e  cold helium b o t t l e s ,  heated i n  a LOX/LH burner t o  increase  t h e  tank 
2 

pressures  from approximately 20 p s i  i n  t h e  coast ing mode, t o  39 and 42 p s i a  

i n  t h e  hydrogen and oxygen tanks ,  respect ively ,  p r i o r  t o  r e s t a r t .  ( ~ a r l i e r  

veh ic les  used an ambient helium b o t t l e  r epressur iza t ion  system contained 

i n  e ight  3-cubic-foot spheres mounted on t h e  t h r u s t  s t ruc tu re . )  

Propel lant  feed i s  accomplished through prevalves,  vacuum jacketed l i n e s ,  

supplying propel lants  through 8-inch ducts  d i r e c t l y  t o  t h e  oxidizer  and 

f u e l  pump i n l e t s .  J u s t  p r i o r  t o  engine s t a r t ,  propellant  i s  r ec i rcu la ted  

through t h e  feed l ines  t o  assure  proper l i q u i d  vapor q u a l i t y  during t h e  

c r i t i c a l  t r a n s i e n t  engine accelera t ion phase t o  preclude pump cav i t a t ion .  

This process i s  repeated f o r  t h e  second s t a r t  of t h e  Saturn V/S-IVB a f t e r  

4-1/2 hours of e a r t h  o r b i t a l  coas t .  

Propel lant  sequencing i s  accomplished by both t h e  s tage  valves and engine 

valves ac tuated  by t h e  s tage  sequencer. F u l l  t h r u s t  i s  achieved approxi- 

mately 3 seconds a f t e r  engine s t a r t  s ignal .  Shutdown i s  i n i t i a t e d  by t h e  

s t age  sequencer o r  by propellant  l e v e l  sensors contained i n  t h e  feedl ines  

sensing propellant  deplet ion.  After t h e  booster  propulsive funct ion i s  

complete, oxygen and hydrogen tank venting i s  sequenced t o  avoid perturba- 

t i o n s  t o  t h e  spacecraf t /vehic le  a t t i t u d e  during c r i t i c a l  coast ing operat ions.  

An a u x i l i a r y  propulsion system (APS), comprised of two diametr ica l ly  



opposed modules, use s to rab le  hypergolic p rope l l an t s ,  n i t rogen t e t r o x i d e  

( N  0 ) and mono-methyl hydrazine. The S-IVB a t t i t u d e  i s  con t ro l l ed  i n  
2  4 

p i t c h  and yaw by gimbaling t h e  5-2 engine and by t h e  a u x i l i a r y  propulsion 

system f o r  r o l l  con t ro l  during powered boost.  During coast ing f l i g h t ,  t h e  

APS provides p i t c h ,  yaw and r o l l  con t ro l .  Signals  a r e  i n i t i a t e d  by t h e  

guidance platform i n  t h e  Instrument Unit ,  passed through t h e  s t age  sequencer 

and ac tuat ing  t h e  appropriate APS valves and/or gimbal servo ac tua to r s .  

Another con t ro l  funct ion ,  propellant  u t i l i z a t i o n ,  i s  used t o  assure  pro- 

p e l l a n t  deple t ion  t o  wi th in  114 of 1 percent of t h e  t o t a l  usable p rope l l an t s .  

Propel lant  l e v e l  sensing i s  accomplished by capacitance probes sensing 

conductance d i f fe rences  between t h e  l i q u i d  and gaseous phase p rope l l an t .  

This s i g n a l  con t ro l s  a  d i v e r t e r  valve i n  t h e  J-2, changing engine mixture 

r a t i o  during f l i g h t .  

Physical  separa t ion  of t h e  S-IVB i s  aided by s o l i d  rockets  ( u l l a g e  rocke t s )  

of 3,400 pounds of normal t h r u s t  operat ing f o r  4 seconds. They a r e  mounted 

i n  t h r e e  p laces  equidis tant  on t h e  a f t  s k i r t  of Saturn I B  and d iamet r i ca l ly  

opposed i n  two places  i n  Saturn V.  I n  add i t ion  t o  physical  s t age  

separa t ion ,  t h e s e  rockets  a l s o  provide accelera t ion  f o r  propel lant  

s e t t l i n g  p r i o r  t o  i n i t i a l  engine s t a r t .  

\Although t h e  S-IVB i s  pr imar i ly  a  propulsive s t age ,  i t s  s i z e ,  importance, 

and complexity r equ i re  400 channels of instrumentat ion f o r  R&D f l i g h t s .  

These da ta  a r e  t ransmit ted  over f i v e  te lemetry  s e t s ,  PAM/FM/FM, s i n g l e  

sideband (SSB/FM), and d i g i t a l  da ta  acqu i s i t ion  system (PCM/FM) .  S ignal  

condit ioning equipment i s  mounted i n  t h e  forward and a f t  s k i r t  periphery. 

Control ,  power d i s t r i b u t i o n ,  and instrumentat ion networks a r e  comprised 



of conventional wire harnesses, connecting t h e  forward and a f t  equipment 

a reas  through a tunnel .  The s tage  functions a r e  accomplished i n  proper 

time-phasing control led  by t h e  s tage  sequencer. 

Operational power i s  supplied from four  28 and 56 v o l t  dc b a t t e r i e s  with 

a t o t a l  capacity of 380 ampere hours f o r  Saturn I B  and 635 ampere hours 

f o r  Saturn V. 

RF antennas a r e  mounted i n  four places a t  t h e  forward end of t h e  stage.  

GROUND SUPPORT EQUIPMENT 

Large c a r r i e r  rockets  a r e  so complex t h a t  extensive ground support 

equipment i s  necessary. The mechanical equipment i s  s traightforward i n  

design,  although unusual i n  s i ze .  Functions t h a t  must be performed a r e  

handling, access,  t r anspor ta t ion ,  and s torage ,  ( f i g u r e  1 5 ) .  

The e l e c t r i c a l  support equipment developed f o r  S-IVB represents  a 

s i g n i f i c a n t  advance i n  t h e  state-of-the-art.  Primary funct ions  required  

a r e  fac to ry  checkout, p re - s ta t i c  acceptance f i r i n g  checkout, s t a t i c  f i r i n g  

con t ro l ,  and post s t a t i c  checkout (del ivery  v e r i f i c a t i o n )  t e s t s .  Major 

system elements, i n  addi t ion  t o  t h e  computer, a r e  s t imul i  and s igna l  con- 

d i t ion ing  u n i t s ,  telemetry ground s t a t i o n s ,  sa fe ty  item monitor, computer 

i n t e r f a c e  u n i t ,  te lemetry ,  pneumatic, e l e c t r i c  propulsion, and system t e s t  

operator  consoles. Automatic con t ro l  i s  accomplished by checkout pro- 

cedures programmed i n t o  magnetic tape  operat ing a Control Data Corporation 

CDC 924~ d i g i t z l  computer with per iphera l  equipment. Checkout and s t a t i c  

f i r i n g  functions a r e  performed i n  a completely automatic mode; however, 



manual in te rcess ion  c a p a b i l i t y  f o r  shutdown and "safeing" i s  provi.ded i n  

case  a t e s t i n g  malfunction o r  anomaly should occur. Similar  NASA/MSFC 

developed equipment w i l l  be used a t  KSC f o r  prelaunch checkout and launch 

con t ro l .  

FLIGHT PERFORMANCE 

The S-IV f l i g h t  t e s t  program i s  summarized i n  t a b l e  1. This s tage ,  t h e  

forerunner of t h e  S-IVB, provided v e r i f i c a t i o n  of t h e  Douglas design con- 

cep t s  f o r  l i q u i d  hydrogen-oxygen upper ~ t ~ a g e s .  

Major performance c h a r a c t e r i s t i c s  of t h e  S-IVB f l i g h t  t e s t s  a r e  shown i n  

t a b l e  2. The Saturn V vers ion  of t h e  P-TVB i s  scheduled t o  f l y  i n  1967. 

Because of t h e  s i m i l a r i t y  between t h e  Saturn IBIS-IVB and t h e  Saturn V 

vers ion ,  a successful  f l i g h t  t e s t  program is an t i c ipa ted .  

FUTURE APPLICATIONS 

Current development of t h e  Saturn vehic les  i s  being conducted d i r e c t l y  f o r  

app l i ca t ion  t o  t h e  Apollo Lunar Landing Program. After  i n i t i a l  luna r  

explora t ion ,  a d d i t i o n a l  p lanetary  and space explorat ion missions w i l l  be 

pursued. Because of t h e  l a r g e  o r b i t a l  and escape payload c a p a b i l i t y  pro- 

vided by t h e  Saturn vehic les  and because of t h e  s i g n i f i c a n t  na t iona l  

investment t h e y  represen t ,  t h e s e  rockets  ( o r  modificat ions t h e r e t o )  w i l l  

be  used a s  t h e  bas ic  launch vehic les  f o r  t h e  next decade. Several  f u t u r e  

mission app l i ca t ions  have been examined such a s  p lanetary  probes, comet 

probes,  out-of- the-ecl ipt ic  probes, s o l a r  probes, and extra-solar  appl i -  

ca t ions .  These missions a r e  discussed i n  d e t a i l  i n  reference  h. 



For o r b i t a l  payloads i n  t h e  range of about 30,000 t o  40,000 pounds t h e  

Saturn I B  w i l l  be used f o r  t h e  next severa l  years.  A t h i r d  s tage  i s  

required  t o  provide t h i s  vehic le  with s ign i f i can t  escape ve loc i ty  payload 

capab i l i ty .  The Saturn V three-stage vehic le  can i n j e c t  95,000 pounds 

payload i n t o  a t r ans lunar  t r a j e c t o r y  o r  240,000 pounds payload i n t o  e a r t h  

o r b i t .  

P lanetary  explorat ion i s  receiving considerable a t t e n t i o n  i n  t h e  s c i e n t i f i c  

community. Additional Mars and Venus probes a r e  being considered f o r  both 

manned and unmanned payloads. More demanding missions inves t iga t ing  

Mercury and J u p i t e r  a r e  a l s o  of i n t e r e s t .  The Saturn V vehic le  can boost 

24,000 pounds t o  J u p i t e r  on a 750-day Hohmann t r a n s f e r  mission ( f i g u r e  1 6 ) .  

Cometology can be s i g n i f i c a n t l y  advanced by unmanned probes used f o r  

comet in te rcep t .  The three-stage Saturn V can boost 22,000 pounds on an 

in te rcep t  t r a j e c t o r y  with t h e  comet Encke. The t r i p  time would requ i re  

approximately 100 days. Asteroid probes can a l s o  be accomplished with 

Saturn V ,  placing 7,000 pounds pas t  Ceres. 

For very high ve loc i ty  missions, a four-stage Saturn V vehic le  may evolve. 

This w i l l  permit out-of-the-ecliptic probes, s o l a r  probes t o  wi th in  0.2 

astronomical u n i t s ,  a s  wel l  a s  shortening t r a n s f e r  time t o  J u p i t e r  and t h e  

nearer  p lane t s ,  Mars and Venus. Probes out of t h e  s o l a r  system could a l s o  

be achieved with t h e  four-stage Saturn V. However, t h e  f l i g h t  t imes t o  

reach beyond Pluto a r e  qu i t e  l a r g e ,  approximately 11 years f o r  a 13,000 

pound extra-solar  system payload. 



I n  summary, Saturn V, i n  a th ree  or  four-stage version,  can s a t i s f y  many 

complex requirements f o r  so la r  system exploration i n  t h e  foreseeable 

future .  

As man ventures i n to  o rb i t  and space operations become rout ine ,  t h e  

capab i l i ty  must be developed t o  r e t r i eve  t h e  astronauts i n  case of equip- 

ment malfunctions or  personnel i l l ne s s .  Depending upon t h e  c r i t e r i a  f o r  

react ion time, launch windows, o r b i t a l  incl inat ions  and a l t i t udes ,  a  high 

energy rescue device appears mandatory. The rescue mission must ult imately 

require  higher payload ve loc i ty  capab i l i ty  than t h e  payload with which it 

w i l l  rendezvous. This problem i s  receiving serious consideration a s  t h e  

tempo of manned operations increases (reference i) . The Saturn V vehic le  

can provide maximum launch capabi l i ty  of t h i s  type i n  t h e  immediate fu ture .  

The advent of manned space f l i g h t  inevi tably  commits consideration and 

ult imate development of permanent o r  semi-permanent o r b i t a l  operation 

complexes. The r a t i o  of takeoff  weight t o  payload weight of approximately 

25 t o  1 f o r  ea r th  o r b i t ,  and approximately 50 t o  1 fo r  lunar t r a j ec to ry  

f o r  t h e  Saturn V vehicle precludes d i r ec t  payload in jec t ion  f o r  planetary 

missions. It i s  probable t h a t  manned exploration of Venus and Mars w i l l  

be conducted i n  t h e  not too d i s t an t  future .  To amass suf f ic ien t  payload 

capab i l i ty  fo r  t h e  near planet exploration of Mars and Venus, o r b i t a l  

assembly w i l l  u l t imately  be used. Round t r i p s  t o  these  two planets  w i l l  

t ake  from two t o  th ree  years. Orbi ta l  payloads i n  t h e  500,000 t o  million- 

pound range a r e  being discussed. Space propulsion systems and spacecraft  

can be launched i n to  coplanar o r b i t s  assembled checkout p r i o r  t o  in te r -  

planetary in ject ion.  Since these  operations may take  several  weeks, a 

long-term operational  base must be established.  



I n  add i t ion  t o  manned missions, l a r g e  s c i e n t i f i c  payloads w i l l  u l t ima te ly  

be developed. Visual and rad io  astronomical telescopes w i l l  be assembled 

and operated i n  o r b i t .  

The r o l e  of t h e  S-IV3 i n  these  f u t u r e  operat ions i s  of g rea t  importance. 

I n  add i t ion ,  LH2technology w i l l  be applied,  e i t h e r  i n  chemical o r  nuclear  

propulsion,  required f o r  fu tu re  high energy missions. 

The L H ~ / L O X  technology developed by Douglas f o r  NASA represented by t h e  

S-IV and S-IVB s tages  could a l s o  be applied t o  smaller LOX/LH2 veh ic les .  

Larger rockets  genera l ly  can achieve higher mass f r a c t i o n s  due t o  

s t r u c t u r a l  and equipment weight e f f i c i e n c i e s .  Smaller s tages  requ i re  

increased soph i s t i ca t ion  t o  achieve s imi la r  design mass f r a c t i o n  ob jec t ives .  

The techniques used on S-IV and S-IVB a r e  appl icable  s p e c i f i c a l l y  i n  t h e  

areas  of aluminum tankage, insu la t ion ,  ground equipment, pressur iza t ion 

techniques,  propellant  management, propellant  u t i l i z a t i o n ,  and instrumenta- 

t i o n  d i s c i p l i n e s .  The Saturn S-IV/S-IVB technology w i l l  s i g n i f i c a n t l y  

contr ibute  t o  space f l i g h t s  i n  t h e  fu tu re .  
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TABLE 1. S-IV FLIGHT PERFORMANCE SUMMARY (1) 

NOTES: 1) % = ACTUAL X 100 
PREDICTED 

2) ACTUAL EXTRAPOLATION TO DEPLETION 

3) BASED ON CHANNELS ACTIVE AT LAUNCH 

S- IV8 

99.9 

99.8 

99.3 

99.4 

100.0 

98.8 

100 .O 

100 .O 

S-IV5 S- I V6 

102.1 

99.8 

101.2 

99.1 

99.9 

98.0 

100.1 

97.9 

STAGE THRUST (AVE) 

STAGE SPECIFIC IMPULSE 

STAGE TOTAL IMPULSE 

ENGINE BURNTIME 

PROPELLANT UTILIZATION (3) 

T/M DATA RETRIEVAL 

INJECTION VELOCITY 

CUTOFF ALTITUDE 

S-IV9 

100.0 

99.5 

98.5 

98.5 

99.9 

99 .O 

100 .O 

99.9 

S- IV7 

99.4 

99.8 

99.6 

100.3 

99.9 

98.7 

100.0 

98.9 

99.9 

99.9 

100.2 

100.2 

100.0 

98.9 

100.2 

99 .O 

- 
S-IV10 

100.3 

99.9 

101.9 

99.9 

100 .O 

97.3 

100.0 

99.4 
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