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BACKGROUND, F-1 ROCKET ENGINE 

The F-1 i s  t h e  most powerful  r o c k e t  eng inc  t o  be o r d e r e d  i n t o  p roduc t ion  

i n  t h e  Uni ted S t a t e s .  I t  is a s i n g l e  chamber, l i q u i d  p r o p e l l a n t  eng ine  o f  

conven t iona l  , proven d e s i g n  deve lop ing  1 ,500 ,000  pounds o f  t h r u s t .  

The e n g i n e  h a s  been under  development a t  t h e  Canoga Park p l a n t  o f  

Rocketdyne, a  d i v i s i o n  o f  North American A v i a t i o n ,  Inc .  s i n c e  1959, under  t h e  

t e c h n i c a l  d i r e c t i o n  o f  NASA's Marsha l l  Space F l i g h t  C e n t e r ,  H u n t s v i l l e ,  Ala. 

B a s i c  components o f  t h e  F-1 eng ine  are a t u b u l a r  w a l l  t h r u s t  chamber, 

d i r e c t  d r i v e  turbopwnp, a g a s  g e n e r a t o r  and i t s  i n j e c t o r  and c o n t r o l s  f o r  

t h e s e  components. 

The t h r u s t  chamber assembly c o n s i s t s  o f  a r e g e n e r a t i v e l y  c o o l e d ,  t u b u l a r-  

w a l l  chamber w i t h  a  gas- cooled e x t e n s i o n .  The chamber i s  des igned  f o r  

a t t achment  o f  t h e  gas- cooled n o z z l e  t o  f a c i l i t a t e  t r a n s p o r t a t i o n  o f  t h e  

engine.  

The turbo-pump, which i s  mounted on  t h e  t h r u s t  chamber "piggyback" 

f a s h i o n ,  d e v e l o p s  60,000 horsepower ,  y e t  weighs o n l y  abou t  2800 pounds. I t  

moves two t o n s  o f  l i q u i d  oxygen and n e a r l y  o n e  t o n  o f  narrow-cut ke rosene  

(RP-1 )  t o  t h c  eng ine  combustion chamber p e r  second. 

To e l i m i n a t e  t h e  need o f  f l e x i n g  h i g h- p r e s s u r e  d u c t i n g  when t h e  eng ine  

i s  gimbaled f o r  t h r u s t  v e c t o r  c o n t r o l ,  a l l  components are e i t h e r  mounted on 

t h e  t h r u s t  chamber o r  turbopump assemblies o r  i n  t h e  plumbing system between 

them. 



The engine was designed t o  t h e  man-rated s a f e t y  concept ,  which 

r e q u i r e s  t h a t  it  be  dynamically s t a b l e .  If any of  t h e  eng ine ' s  systems 

a r e  d i s tu rbed  from any source ,  t h e  system must au toma t i ca l l y  overcome t h e  

d i s tu rbance  and r e t u r n  t o  s t a b l e  ope ra t i on .  

To prove t h e  F-1's a b i l i t y  t o  s t a b i l i z e ,  a  method f o r  c r e a t i n g  

a r t i f i c i a l  d i s tu rbance  was introduced by de tona t ing  a  bomb i n s i d e  t h e  

combustion chamber near  t h e  i n j e c t o r  f ace .  D i f f e r e n t  i n j e c t o r  de s igns  

w e r e  evaluated according t o  t h e i r  a b i l i t y  t o  recover  qu i ck ly  from such 

d i s tu rbances .  The r e s u l t  i s  an i n j e c t o r  des ign  i n  t h e  p re sen t  product ion 

con f igu ra t i on  of  t h e  F-1 engine t h a t  h a s  proved t o  be  very  qu i ck ly  s e l f -  

s t a b i l i z i n g  i n  response t o  induced d i s tu rbances .  

The f i r s t  F-1 product ion engine was d e l i v e r e d  t o  MSM: on O c t .  30,  1963. 

To d a t e  16 product ion and two development engines  have been de l ive red  t o  

Hun t sv i l l e .  Subsequently,  engines  w i l l  be  d e l i v e r e d  t o  t h e  Boeing Company 

a t  NASA's Michoud assembly f a c i l i t y ,  New Or leans ,  La. 

F-1 completed f l i g h t  r a t i n g  tests on Dec. 16 ,  1964 and was dec la red  by 

NASA t o  be  ready f o r  c l u s t e r  f i r i n g s  and a c t u a l  f l i g h t .  

Through Aug. 2 ,  1965, Rocketdyne had conducted 1081 tests of  F-1 a t  

t h e  NASA Rocket Engine Tes t  S i t e ,  Edwards, C a l i f .  O f  t h e s e  t e s t s ,  278 

were f o r  150 seconds o r  l onge r ,  t h e  approximate t i m e  t h e  engine w i l l  be 

requi red  t o  o p e r a t e  i n  f l i g h t .  The longes t  d u r a t i o n  t h a t  an  engine has  

been opera ted  t o  d a t e  i s  186 seconds. The h ighes t  t h r u s t  achieved by a  

s i n g l e  F-1 engine was 1,695,000 pounds, recorded du r ing  a research  and 

development test conducted on June  22, 1965. 


