
E o c X e t d - n e  
. . -: 2iyrs;.>r, f x,-.r:> I r e r i c s : l  -kir;i ion ,  he., 

CcZk:.za F z k ,  C j i  i f o r n i a  



nle F-I en,lnr. (fig. 1) f 3 1 .3*3?.Q@O-i,o-=2-t!lrust roc:iet *.:~gin+? using 

I. i quid os?-ge:l 32,: FS-l (~t.resezc) as propellants. 

. - fur rfic Xd\-;:~rrc >;tc 

:IS iZc1c3n- flig?l:-?3:3. 

2 . e  prinri:z! ol.zac:ix-es :z :3e 2t"ig:; of :kt-' F-1 rsgine \-ere re- 

-$ - -..- ' - .  3 Z - ~ ~ z  :>a: r::., re:i~5i;itr is !es jy .n? i n t o  e3ch ;ar: rf z rcrket ,  

.- . 
:\- x-ing l y e  fe-.-cs: r3::~. - 1 : ~  - z . z  .,-s ccr.ce?r i r ?  5 x 2 .  r k e  d e s i p  vas 

, jLrec;led r c - - - a  -.-- - .  
. d ,L  ,.,i:z;zz - e s : z ~ : e  c . . z ? r n e ~ t  f o r  each rep-:ired fmct ion.  

T. - .  
~ s e  achie~ezezr r f  r 5 i s  =-EL rs Ze=t.strz:e2 i n  r h  eengize presently 

--. - .,. -; 7 >eiz= 2ereicaed Tir rke firs: -,,- - -, , e s ro3e  of r t e  pref:=icaq- flight 
-. 

r z ? : ~ ~  zesrs  i?AZ!~), - : :s  e r i z e  c o ~ s i s t - .  - f  r.ce t k r u s t  cS=>er, one 

;:iecxor ,y-t Z r z 0  - c = p  r 2 : - ~ - . - - a - -  - A -  -. -- - r p  - - . - k r - - - n  -*A ., . ,r. C I ? ~  i ' 2 ~  e ~ ~ r i i Z @ r ,  a-0  
" - 

f ~ e l  x-zlx-es. r---: -xi r i z c r  -.-2;ren. rt crar- ..-~;i-e. and z gzs generaior 
. . i2::;c3 esci:er. TZe ls:+cr zi-r, C ~ . ~ ~ : : ~ P Z C  &re  ;5e cz::- ez:ice parts 

- - - -'= -.. -- - - - .  ele2-.-- -. 
A - - - A *  A -= .,,.,. c ~ e - - z - .  L Z _ = : T ^ Z Y Z I ~ : , C ) ~  10 TPZ::OT e11z:ze opera- 

ric .2  22ring f I ::-: - a i  5.3 r e r , L r e s  ~ l e c r r i c i i :  e z e r z -  5s: is ir.?e,?enZent. 



To illus: rn:t* !~C>W ;trts enzinc ,It-si gn -..-AS achicvttc?. a review ~ u s t  be 
. .  x t i c  o f  t!:e Ce\?-I-?eP a:::', ;~:.,l\-t.,i cor:ccpts  i:st.t?. as  LX*!~  as soze of the 

~21-a::ced zt%:al i::~glc,?? concepts. 

prcssurcs began i n  ;inZrr an Xir Ferte-s2cssa:-ei! ceztract ,  This 

e f f o r t  i ~ c l u d e d ,  Xirckt.:d?~e t e s t s  o f  an 1~lcao1r.d rhr'ast ch.xzber, with 

r!:e approximte crz?csr ion  c?:zr>er E i ~ e x a i o n s  c f .  tv?;i?"s F-1 engine, 

a t  :he 1700C.00?-~o~z.2-tfir~s: l e v e l .  Therefore, at tbe r i s e  of  the 

ak-ard of the S<S-3 F-l contract  r o  Rccberd?-ne on Q .-'zxam>- l?jQ, the . 

use of t h e  s inq?e-ckP~5er cozcept a ~ 2 c a r e d  feas ib le ,  

. Ele f i n a l  F-1 :krcaz c'::~=>er az_=t=?,l.r- des ign  ( ~ i ~ .  7rc.x-ides for a 

tubular b a l l  . re;ezerzr f ur.1~- c<-!eZ ztr:st c%ii=?.cr -.< t5 extension, 

a dou?xle-inlet o r i d f z e r  Zcze .  ~ 2 6  a f la t - face  injector. 

TIC c h c b e r  i s  Zesisc2 t o  f ? o v  2 :ocs see of  lic_ziC cq -gez  arid 1 ton *see 

of f u e l ,  and t o  h-rc rkese pro?ell&,-,i~ a: a ??ers-:re ~f a ~ ~ r < l z i s a t e l y  l l j O  

ps i  at t2e  i n j e c t o r  face. T5e fcel-cocled p o r z i c c  of rL,e t t r ~ s t  charher 

estends t o  a 10:1 es;zzsioz zrez r z ~ i o .  Its ay?r-rira:e reasxe=ent s  

are: a $0-ire3 cc=?=-.:Lcn ~t..a?~er S i z ~ e r e r ,  a C.-l 2-foo: nozzle e x i t  

area r a t i o s  np ro 16::. 2 s::irt i s  artached t o  :he ;l.,rrrst c3azber. 



re-anal>-zed t o  t?tate:--,ine the e q c r i - c n t z ?  aiy-roach t o  d c s i p  and 

de\-eln;.mer.: of x l ~ e  F-l i n j c c  t o r .  Xth-.uict.2 C t . s i ~ 1  c r i t e r i a  had t o  be 

cst;thfia!let? f o r  ZY ir:jt*ct er oprrar il:;. a =::C!I fil::;cr, i n j e c t o r  2 ~ 3 s :  t y  

and c!:cber ~rt-z:c-t- r!~s:l  ;xi?- prel-i o\:e:y hnt--..:i. Co;-pcr rl rigs Kt-re found 
I 

t i o n  from face e. \ -r~:- i~ecizing or l o c a l  burning. 

Xi. t h i s  p o i n t .  i a j e c r t ~ r  design ( ~ i ~ .  ?) and rlre 2rv31cz of combustion 

s t a b i l i t y  L-ili bc I?isc:zsscd. The i r ~ i r i a i  i z j e c t o r  d e s i g n s  f o r  the  F-1 

engine L-ere s i z i l a r  t o .  ax? b a ~ e d  cTrr.. :h design concepts de\'eloped 

f o r  . e a r l i e r  ~oc%c:d?me enzinee. S:ah! e injecrc.:- r o n f  i s r a t i o n s  were 

q u i c k l r  evolved: one of these i s  s:i 11 s l a s i c  R x k e  it?>-ne configuration.. 

Hovever. a 3c'v re.;:irezent h a s  1.et.z a22cd -iz l i z e  i-i th rfle IZocketdpe 

... ar ' the  - in jec tor ,  -as \-ell ranra:cd safe:?- concept. The rey.;ire=e~r i s  *'- 

as the eDrire  engine s:. -.re=: iigst 5; 2 y z c : c a ; l . r -  ~ a b l e .  This  n e m s  . . 

that  i f  rhe s-s;t= i s  Cistarbed fro= ;cq- sozrce, i z  b i l l  qoickly d m p  

our  t h e  r e s u l t i n g  o s c i l l a t i o n .  

T5is i s  a sex-ere r e v i ~ e ~ e n t  bxr ?loclierC>-ze $as rzEe good progres2 and 

i s  cenf ident  . of saccess b2- t!le end of t?x. proga=.  

X l a r g e  share o f  X~cLerd>-ze's t o t a l  derh~r;zczr ef f o r t  i s  concentrated 
- on t h i s  task,  Tzis e f f o r t  i s  i r i  :bee areas :  ar,z,:s:s, node1 research 

-. t e s t i n g I  asd fclz-s:iile 2esign rt?C r e s t i z r .  - - z e  aaal~-s is  t e a  has re- 

e x z i s e d  a l l  e a r l i e r  t e s t  records ,  z d  ~ 5 e r e  -.-ere r h o ~ s a n d s  of  rhen, 

looking f o r  s i p i f i c a n ?  t rends.  The t e s  a;so carefu!!?- =al-zed d e s i g a  
. - 

t c o s c e p ~ s  f o r  sa-;-ces of dis inrbances.  

The des ign  t e z z  ez?~=i-ed r e s u l t s  and r r ; i e  2 !is: c f  c h h r a c t e r i s z i c s  d - 

r equ i r ezez t s  f o r  a good in j@cto r .  TZis ? i s 1  i s  coz:isua!l~ re -esa~ iced  

a n d - r e r i s e d  as r5e ?rcsc- - ,  progresses; 



Tvo-di3cnsi c ~ n n l  ~ ! ~ d r t  a ( r ig .  6)  nrc xred t o  cl;i?-ine ],art icular ftxatnres 

i n  c?e t ni 1 by mt.ntis ol hi;!:-sitccl! ;\I;c:~gra2!:y ,?:I;! ! ~ i g ! ; - ~ c s p c z s c  i ~ s t r u -  

-entation. 

ne rcnf p r o o f .  boxel-cr. 1ic.c in \,ui f r?ir:; fa?!-scnlc !:a:,?---=e. This is, 

of s e c e a s i t ? - .  n slol;  axd costly j ~ ~ o ~ c s ~ .  fiocht-td!ne i s  f i1l lo~-ing c q v  

parallel Ccaig i  paths and !]as nchitxt-ed t . : -cczragin~ r c s a l r o  fro3 i n j e c i n r  

s?-stenF w i t h  good dynmic s t a b i l i t y  c5aaracteristics, 

Sine  o f  tlie req: : i l - e~cnts  f o r  E?-:l,?=ic sra>i l ir_v are: 

f zr l  a d  o x i d i z e r  

I 
+ 3. -Lxia: d l s r r r h u z i o n  of 
i 

cozhustion zone 

=d f u e l  a l l  

ccc:3us;lon p r n c e s s  znd f l c i i r g  Fii;L-;ress--e fue: i n  z?ey~a:e  aza;mts 
. - 

ro proride  proper coolir.: k-ir5 a z:z:=;= pressure  dro?. Pas; Rocketd~me 

e x p ~ r i e n c e  again inZ~;~.rpc! 2 xz'.cIzr ;-zII, r ~ g e ~ e r ~ i i i r e l j -  cooled thrust 

c h z z 5 c r  voa;C = e e l  these  reyzi  r e z e s r s  (F:~, 3 ) .  The search for  a tube 

csterlal incluled anal)-sis o f  c i c k e :  ai:o_r ar-d c ~ e e l  i n  adCition to  



. . 
- v a r i o u s  o t h e r  a l l o y s  (5:. 7 ) .  . \ ! c , c i ~ l  test T:rl::;s, r 3 : c r i a l s  develop- 

zcnt  r r s c n r c h ,  and 1;1!11>1-;2?t\:.y ; ~ r l d  sf~cy :!!\ tast  I ~ : 1 :  ions of f a b r i c a t i o n  

On the b a s i s  o f  t h i s  c!c\-c!op~cnt 3!:C a:ial?-sis, a high c i c k e l  all@? w i s  

s e l e c t e d  as t!ic tube ra:eria!. Tt:c ! : i~~:-sr  rr:lgtS prc?perty o f  this 

alloy pci-si t t c d  d e s i g n  o f  thin1.c-r L X ~ !  scc t i o n  tubes  r e s x l  ting i n  

ciiniixm k-eight. The t h i n m r  tubes  c:sa prol i i lcd  a l o w r  gas s i d e  bxll 

t e z p c r a t u r e  even though t!:cir thrl-231 conduct i1-i t y  \as l o ~ - e r  thrrn that 

cf s o a e  o t h e r  m a t c r i a ! ~  consiCcred.  The des ign  provided adequate  

ch=\,,er c o o l i n g  ~ i t l ~  @::I?- z ;~;~roxira te!~-  :yo-thirds of the t o t a l  a \ -a i l ah le  
- 

f - i c l  flo.-- passing throug!i t!:e rubes. ,!lerefore, a fael siCe r h r n s t  

c5;~:'lcr E ? - p n ~ s  arrnngezer.: ~ a c  inc!cZt~t i n  :5c b e s i ; ~  t o  reduce the 

SJ-s: e s  pres ,mre drop. 

F i n a l l y ,  a n a n u f a c t u r i n g  p r n c e s s  Cc\- r . :~=ent  I i r o g r z  vss con2ucted 

%f-.ic3 2 c ? z ~ c s t r a t c d  ths: ?'.r *-:?rs ?--:!.I! \.P k:-+r*:l ica?l?- f a m e d  m d  

furnace brazed.  

T ioda?- 's F-1 t h r u s t  chr id-er  i s  a relati\-e;?- iigfitueig5t u i t .  e n t i r e l r  

f n n a c e  >razed  ( ~ i ~ .  3). 3evcl i . ; = t - ~ ~  ~ e s r i s ;  !.ss \ -c-rif ied :he ac?eqsacr 

of t h e  des ign  (pig. Q). 

T!ie af orezen~i oned r!,rxsr c!.r-5er ex: ezs: c-. \as 2esi ,rsec? to  p r o r i E e  

eTzssion area ra:ios c p  ~o l G r l  br :::c L : * : c ~ c ~ :  ~f zz enrezsioa t o  

t3e  l iqu id -coo led  t k r x a t  c h z s e r .  -ksl:-ses 2nd orher Zrrelo;?l;enz t e s t  

e..r>erienre i n d i c a t e d  ?!.a: t h e  e x - e z s i r " ~  ---j;;:i! kiire 22 ai?iz3atic vall 

tezperarrrre ox-er 2,()6" C z.2. ti;*ref o r e ,  o r e  c o ~ l i z = -  :-;as requ i red .  



Cool ing io t;la t o  $I t ,"  C :.n:lgc. r\;~pparc,! f e a s i b l e  b~ passing the 

:nrlli!lc c s ! : r ~ s t  ;as a: t c ~ * p c r n t u r v s  of  f 4 2  t o  6 ' * ~ ~  C t h r c l ~ g h  s doublc- 

1 s i r .  T!lia i,cs!,-n conrcpt %;IS b;~ard  o : ~  the use  of ,an alloy 

hax-ing h i  $1 stx.c~:!<r!: at el  rvat  c,! te-:pcra t:lrcs. T o d q - ,  the skirt is 

unt?r:-going ~ c ~ t . 1  opzeti: t e s t  in: ct.:\.r!~~tt.d t o  in\-cst  f gaze ftle p r o p e r  

r=c:!;oJ of  d i s t x - i h a t i n g  thc ;:11.5ir:~ t.x!;.i::st ; ~ S P S  ?firoug!~ t5e  s k i r t ,  
T  lie dcsign is sir:ilar t o  thn; of  a t u r b o j e t  engize a f t e r b u r a e r ,  

The t!lrust ch.rn5r.r liquid oxygen d w e  has ;YO\-iced ~ 5 t h  a h a 1  i n l e t  

for  i ~ p r o x - e d  l iqu ic !  ox?-,-en dis?:-lhution t o  t h e  i n j e c t o r ,  me d c m  

c a t e r i a l  of  fiig!~ nicke l  a l l o y  vss s e l e c t e d  For high srrcng:?1, because 

t?ie done i s  t h e  f o c a l  p o i n t  f o r  :he t r a ~ s z i s s i o n  of t h e  xt.,~-i.st through 

t 3 e  g i z k a l  bear ing  t o  the c e h i c l c .  

. . a g a i n  vas t o  a t t a i n  r e l i a b i l i  1:- 1;y u s i n g  a z;r,:r-3= c . x k e r  e f  parts aod 

sxi : a b l e  f o r  PLY; in r o ~ e l l a u t s  : o  a h;; 'J-~erior=azce r 2 r ~ r r  c k ~ S e r .  

The t o n f i ; ~ u a t i o n s  i n \ - e s ~ i g a r e d  f e l l  I n t o  :uo.grnrFs: =5e F i rec t -  
. - Lrix-e norgear s?-ere=s.- acd :I?nse recxir icg  2 ,-ear ~TL:SL:C~:QI~ Secacse  

of d i  f  f e r e ~ t  i a l  s ~ e e 2 s  t e : ~ e e n  t Se 2 . ~ 2  a.:d : ~ r % i c e  ~ r - 3 e + \ - . - ~ e 3  p-xping 

I 5 e  zore i=?or t2x t  req:ire=er:s co~siCereC izcln?ec! the ret 2 o s i t i ~ e  

suct ion  head ( ~ E E ]  r e q n i r e z i e ~ t  cf 65 fee: l i c x r 5  ox-;-;ez md 93  f ee t  

fuel f o r  !5e f l i g h t  ~ r : g i n e .  T!:e \?SZ 2e:erzines t h e  =ax:=, q e e d s  

at k-kich t h e  ~ ~ 1 3 3  C O S ~ C !  be opera:ee h i ~ t e r r t  tax-iza~izg. T:?i.s is d e f i n e d  

as the s u c r i o n  specific speed. 



T!rc t urbi  nc shnf t horscpoiicr (1;lii') rcqui rcntt:t \-,IS \!c:e~l- ined p r i ~ s r i  l y  

by the pressure ar:d flow :ierdzd hy the tllrust. chmber. 

On the basis  of  this el-alcntiou arid t!lc devcloyzr~:lt of a high suction 

t o  tile :~o l zn l l \ -  Ili g h - s ~ c ' !  t u r > i : l ~ ,  t!ie d ~ r r c t - d r i v e  systcz  was 

selected. 

The iriducer or par t i c l  ax ia l  stage of thc ~.~rb,b?:rrp has the a 5 i l i t ~  t o  

opcrnzc a t  a high s u c t i o n  e?cci f i c  s p c c d .  rhcreb?- p-xl=i t ring r3e p m p s  

t o  operate at a ~ p r o x i r a t e l y  G000 r zp  without car i tat ion .  

T!ie pu2p eler-er?:s s e l e c ~ e d  Kere o f  c e n t r i f u g a l  d\.si_rri t e c t z 9 e  of speed,  

- .a . . , ~ . h  as p o s t .  h:-  us;^^ - duch!e-\-o!ute ra:!!pr r h ?  sicc'e-refute 
Zisrharge. This Ze~i-: z?so  e i n i z i z e s  rsdral :k:-::si I c d ~ .  ?:e fue l  

- e l e s c n t s  having :5e g r ~ s t e s ;  ;e=peraxure excrtses. LO r c k c e  axial 

t!lrus-t 1l;laC~. :!:? p';l-? i z ~ c l l c r s  ha\-e ha!ar.cing ribs c=? rye t e c k  s i d e .  

T!ie cain t h r ~ s t  % c ~ ~ i z ;  is a dnv~?-le  rob- of s p l i t  ixer-race  tall-bearing 

arrrulgezent b-5ich tan safe??- t A e  h i g h  axial loads. 

Tne turbine Cesign -is ri-+ST x r e  azE \-el o c i , ? y - c c q o - ~ ~ ? e ?  -cC cs~sists 

of tk-o r~1:atinf i=palce --5eel,s st-?za';ed h\- a s e t  cf s : a f i r . = a , ~  ispnlse 

; a t o r s .  In  t h i s  c?eei_~, TEE :(~:ai F:-t ssiLre 21-07 OCCXI'S a c r c s  the 

ir,!et n ~ z z l e s ,  ~ h i c h  ; e x - 5 : s  :be ro;srir,- elt=ec:r :c ?3e re:a:irelr 

free fro= G:,- axial' t t r 2 5 :  l o e d s  tad 0 ~ 1 y  ;Lye *.-rxv ., ~ ~ 1 r . e  :-ley raqi fo ld  

r o  b e  subjected to the total gas pressure. 



T1:r  election 0-f zrra:crials \-as c;lrt-f1:!2)- nnde wi'th t h e  th011gI:t of 

:.l.,>\-iJi.:i: s3pq:;.-.ie s;tfei?- ;..lrgins. ;!;ere\-c ;. ,., -*) .  .; .,& .;:'.' ,c. -1 l~:!~t. s:rcxg 

n:;r:i;li~-s!:oy :rss-,:z; :.-as sclc,;:t-ti :\.:- t f ~ c  1-ol=:cs. izpr.l l .ere.  and 

ir,lp:$ x->ic!: !:i\-c I - ~ ~ : . ~ T : Z ; Z  prcs~ilycs ;IS !11g!1 as L'Li'J p s i a .  For t h e  

t ~ t l i n e  b-kcpls 222 =,i:;i f o l d ,  a nickt-1 a1 loy !;it\-i.ng high strCxlgth a t  

c!cvat r d  t tzprs : r : r t . s  is ucc? t cl pro\-:  2c atlc8c;::a: c s:rrr?,-:h for high  

cferatir?: prcss7.:re ;tX=;.erxti:rt>s. ? vc:~b;~c.cnt t  st irg (hcnCreds of 

dez.~>ristrated t h e  s-vxll:E:lcss of t h e  d ~ s i p  priacip!t-s x d  = a t e r i a l  s used. 

To dri-i-e the t r ;r t . ine,  t!ie F-1 czginc zses  a gas geceraxor burn ing  
C a;~proxizatel?- 2.T.c of r5e :,.:a1 r r g i t r  ; + r - o ~ t . l l z ~ t s  ( f i g ,  11). The 

. pyinc : p a l  ilbjec: :TC of  ye:: a5i : i :?- a::L sit f e y  ---ta:-e k r t h e r e d  i n  the 

zpni , -  of t h e  gzs g~::::ra:~y ?o2y  b? t21;;::r :5e  ssst::.>l as sicple as 
. . 

, lossit-le.  T5e ;r;s :er.=>rz:or. c,-?rosi=stt-,;~- 1x;:lt.s i n  t?i?=r:er and 

.b:lrninr propel 12":s a: :fie. ; . i t  e e::prcx:r.are l?- r e q u i r e d  f o r  a 40,000- 
.. . ;h-;r,d-r!lrjt er.;ir.e; -:as tes:c? is ?!arch I G u l ;  i t  . i s  s x c c e s s f u l l r  

. - 
~ ~ C e r g o i s r  t e s t  i zg  ir, ' ~ ~ < c ~ ~ z T I E ~ J . ~ : : ;  Ecl\-e;a?zent progXcz. 

t l  * - 
,.:c C C S ? ~ ~ !  C P Z ~ ~ S C Z ~  v c r e  .se!ec:ed zs t h e  ~ra::ica', =:nlrxz n ~ b e r  

requ i red .  In t h e  -ce!ec:tc.n of t h e  f z e i  ? c r !  o x i d i z e r  ra l \ - e s ,  the 

atken t  s g e s  znd E,salx-zztages of sic;:e. l a r g e  c~z;::ezrs L-ere weighed - a g a i n s t  n u l z l p l e  s = z I l e r  ra!v~ng. TL-9 f z e l  (11;. 12) z d  t v o  o x i d i z e r  . - \ -a lrcs  (fig. 13)  ---ere ce!erted t o  =::.:zize cc-e,;r.= a r e a s  on each of the 

1-&Ires as x e l l  as tc. p~-or<de \-all-in; i~ l o c s : i c . r .  rkzr a l l o v  a b e t t e r  

d i r ' r i b z t i m  of -rc;el!anz Y feed  t o  t2e t S r i o t  ckar3er .  -111 t ? ~ e s  of 

\-ii:s-es xere cc.zsi2ereC ~ricir :o selec:ion o f  po?;er-t:qe z a i n  p s c p e l l ~ t -  

- -. 
\-alres.  h e  b a s i s  f o r  ih-s s c l e c r i o s  v z s  :he nee? of k3;ar,cing l a r g e  



Tibr nc ru;iior-.i fox- : ? I C  a;ii:i I ~ r ~ f ~ e i l . ~ t ~ t  AIL,! gas' <t*:ic:*;ltor v a l v e s  u t i l i z e  
.. 

, - 1  i f . :  .::yrf:--::I: c ;1\.:1:a: i PI: was S C ~ C C ~ P ~  

t o  avoid sl!2it.;cn of  n p:?t-:L-.ntlc s ~ s t t - x  :!?n r::e c::;rne, -.:id f a e l  was 

sclectcc! r!lp !~~-,?ra: lI ic flt l ic? t o  n,~:,r u r c  t ~ f  a f l u i t !  \.!iic!l i s  a v a i l a b l e  

i : ~  t?ie c:lpi:lc ax :!:e r rquir tad  Fki-css:lreft. 

T!lr other r.ajor co:i: r o l  to~pontt : i t  s i n c l u d e  dsnl- l  ir;ht*d \ ~ ~ l \ . ~ s ,  gas . 

giB;wrat o r  cant  r o f  s . and four-va)- s o l e n o l d  \-all-e. The \-all-es were 

selec:ec! f o r  ;5e :as g c n c r a t o r  t o  pro\-idc f a s t  mid r e p e a t a b l e  actuation 

h$i  l e  c;ri=i r i  ::g p:-essure d rop  and v a l w  s e a l  forces. 
* 

T i e  four-\ia?- so lcco i  d \ - a f ~ e  co:ltrol s t h e  s e q u t t n c i n ~  clf t h e  engine 

s y s t e 3  Iy- c c - n ~ r o l l i ~ g  the f u e l  f l o ~  t o  t h e  2c:::a~ii-n sec!~w.isa of the  

cni:1 p r o ~ c f l a ~ r  i x ~ d  gas g e n e r a t o r  va lve .  T5is 7-all-e ar.d t h e  spark 

i p i  t i o n  s ? - s ~ e t  f o r  r?,c gss g c c e r a r o r  a r e  ;',:t- cr,:?- er.;ine c c ~ r p o c e n r s  

r c q u i  r i n g  e l e c t r i c a l  e n e r s - .  

The ~ r i = a r ~ -  ad~r-l;icc=e:lt rsCe i n  t!le rx-ireria! arczs ~ n s  t h e  use of 

h i g h - s t r e n g t k  3 i : ~ : i n - ~ ~ - - n l . l o ~ - .  f - o r g i z r s  r a t t e r  ;!;r;;l c a s t i r z s  f o r  the 

-ralx-e b o z i e s ,  T z i  6-i p' p r o ~ i d e s  rhe  prc,-e';:=i x-alx-es b-i th a Z Z U C . ~  

!ii gher  proof  presslrre, c a ? a b i l i  ty. ' 

The \-a?;-e s 521-e s i s c e  de=ozstrz:ed zlzcnst p e r i e c  t s e s l i s z  c a p a b i l i t y  

and preEic-ra ' . le  a ~ d  re ;ea table  ac t l - la t ion t i=es l?z ? o r 5  colrponent and 

engine t e s t .  

engine pzr::z=e crnf i ~ ~ r a t i o n  1.3s pa: :erxed ef ~ e r  :5e  -!-TIES s u s ? a i n e r ,  
. 



t11c .S't c r l ~ i r l c .  Tlic 60 ,000-pct:nd-t2irusi cag inc  vns I?c,-kctd)-ne's f i r s t  

v .  ~.tl.gt>. giz;)>l t'J.  1 i.q!iid-prc~pcl 1 a n t  x.ociir~ tx:lgirlc i n  v i i i c l~  rht* turho- 

p:i-:i1 w a s  zo;;n~t*d r?ix.ec t l y  on t h e  t1;rtist ~ 1 : ~ ~ x t ~ t ~ r .  This  e n p i ~ ~ c  ej-sten 

r a ~ l i n z c  prol-i;?cs a c o r e  c .z;lnct dcsip:l i::2i.yc1l2cnt of  t h e  vel i ic lc  aqd 

i:s spcc i  f i c  c n r i n c  m o ~ i ~ i t i n g  s tn :c tc l -c .  T!le f i s t d  r e l a t i o n s h i p  

\~t-:~-een t!ic .rurhop..-11 arid thx-ust chx=?)rar ;?c:zf t  s t h e  I IFC of short 

!ii,-::-,?ressurc. nonf l c s i n g  p r o p e l l a n t  f e e d l i n e s .  

T>c s c l e c ~ i o n  o f  g i r h a l i n g  a s  t h e  nethod of r h r u s t  v e c t o r  c o n t r o l  . . 
%-as s a J c  a f  r e r  a e x t e n s i v e  n : l a l ~ - s i s '  of r z r i o u s  ~ibtht lda  a p p l i c a b l e  t o  - l iqu iz -prope l lan , t  eng ines .  I h e  desiga c o n s i s t s  of a g i c h a l  b e a r i n g  

u5itt: 2r-ox-ides the  e z g i n e  a t l a c h  p o i n t  t o  t h e  v c h i c l e ,  and from which 

t h e  e n t i r e  eng ine  i s  hung. 

Gist.alir,g of t!:e eng ine  i e acccr.;llished 5) t .yZraulic a c z u a t o r s  k i t h  

f i x e d  a?tacfi points on t h e  r h r i s r  chi:?,er =...1 i n  t h e  v e h i c l e .  I n  

ad2i  tion t o  p r o r i d f  n c  a l i  ghrh-eight . yr.>\-eC ze thod  of t h r u s t  r e c t o r  

c o z r r o l .  r!:is C J - S ~ C ~  a l s o  p r o v i d e s  f o r  rEe f l e x i b l e  l i n e s  conf inezen t  . 

.TO zke low-2ressx-e engine s u c t i o n  lines. 

TSe t c r b i n e  e ~ l a u s ~  gas d i s ? o s a l  i c t o  tlie tEr:st c h f i e r  p r o r i z e d  a l i g h t  

ccr7ac: C e s i - 3  and e l i c i n a ~ e d  t h e  need f o r  a ~ ~ a c h z e n r  of t h e  t u r b i n e  

eL??a=rsr Cucr l o  ;he x-chicle: in' addi  t i o n  t o  t h e  aforeze::tioned zErzq-ta;es 

gaized hy csing t h e  g z s  t o  coo l  t h e  s k i r t  exzension.  

-1 sing!e r a j o r  achiex-eyeat i n  r h e  er r iae  c?e+i&- -:as the use  of - the 

~ r t s s : r e - l ~ Z 2 e r  scquenee cozbine2 k i t h  f z e l - a c ~ x a r e d  c o n t r o l  r a l r e s .  
-. - . - sir-lified, f y d r a u l i c ,  self-s~quericizy q - srez ,  r e p r e s e n t s  a 

. . 
3: ==r f i c z ; ~  i=prorer=en: i n  t h e  del-elop--.ent o f  enzine  q-sTez-.. b e - z a t i c  . 



cc::rro!s a r c  c l iminn tcd  nx~d e l e c t r i c a l  c c n i r ~ i l  co:xi,clncnts a r c  uini~ized, 

r!~t%reby el, ininnring ctlt-t* fn i  1: lr -ca  E O ~ P S  7 ! \ 3 1  would d e t r a c t  fro3 the 
&<.t . , , e v c ~ e r ~ t  : clf r l l c ~  t argvt etl rn:i:?e r e l i a b i l  itr. 

E- .,-.,r -:.. . s:art i n s  i s  nc!~ic \ rd  ir. the fol!\z~-lr,f zxn::cr: On s t a r t  sf p a l .  

t:?t* ~ 2 s  gcr,cra:or ~p;:rl; igniirr i-. c::c:gi:cl? a::d t h i s  i s  fol lowed b~ 

rl:c c l t c :  z-5 c n l  a c t u a t i o n  of t!lc fo:~:----a?- solenoid ralre. ?lo\-encnt 

cf t:::s \-al1-e puts in ~ o t i o n  the pressure-I32,!er o r  start sequencing 

s:-s~~=.  ~31r.rehy car11 resu1tir ;g artion i s  !ir%ed tc, t!le occurrence of 

a n e c e z s a y -  p r i o r  even t .  The f i r s ;  of tilese a c t i o n s  i s  t h e  opening of 
- L.le t. cxidizt>r  1 -z l res  f 1 . 0 ~  a gro.~iS-sx??lied sigh-pr-cssure f u e l  source. 

Q3 c s f d i z e r  \-alx-e open, the  g r o ~ x ?  f u e l  flows t o  and opens the gas 

gent-rat o r  \x1\-e. Gas geners:ciz. cczF;~st  l -3 :hen cozences hi t b  the 

gr.;??;~>:s fed fro- taps ir? ?:?c I:igI:-~ress:rt. fetaClil-es ups t re -  of 
.,-. ! :  - L I I C  gas g171li:-3~ o r  ~ E Z ; C T L ~ X T ~  A!:;? ; ~ r ~ s s x r e  then  build up. 

~cce:t.rs::-,; :he t x - k ~ p - ~ i ) .  Xr a ~ r t ' s e z  ;=t lss ; l~e l e v e l ,  an i g n i t i o n  

c i .zr rc  i3 t!~e f o x =  of  2 Ix?-yergnlic f;?:rr! is intrn?zceC iz:o t 5 e  fh-rzst  

c~ ..;.ex-, ..-:< fc+l loxed b- t k e  o?tnlng of feel ca;i-es a-?O the a c c o z p l i s k e n t  

cf r:-iz-~rose!l.s?t i ~ ~ i t i v n  i n  rhe ;>fist ckazber.  

F o r  c-=<n: chz:lo---11. ti;e four--r;a?- s c ! e r , o ~ Z  x-a!\-e i s  a c ~ x a t e d  again m d  - 
-:-- 
i l r l ~ .  5 2  e f f e c t .  r e ~ - e r r e s  the prg?ce-.s zcfiierec! I n  t > e  engine start 

seh---a- ,,--ce. T!ii s ex,,-ize -=?art  i c g  st.;-lesce Lac Seen used throcghvut  t3e 

. . ezl-;~- sErzpes cf eng ize  2e\-olo,?:ezt, --n:cn 25%- i z c  lg2es z o r e  than 400 tes ts .  

L r  :as ~ ~ z c . L ? s : T ~ T ~ ~  a ::iz!1 degree of r e l i i 5 : ; i : ~  z L d  repea tab i l i t_ r .  

T~~ e- ,L-,m -.- C-3 x-ckicle uses  a c!zs:er c f  ::re F-1 e sg i sc s .  X c c o r ~ i r g l _ r ,  

. - 
r l r  ezg:ze c ~ s : ; -  zr,",o,7erzting se;-:Gzce =:st cozsiCer t he  use i n  

clxs~ert. F i r s t ,  the ezzine zusr c o t  r ; ; ~  "are a 1-ee- s e n s i t i r e  z d  
- -  . - - . 

re,;z:l;e i s . : t i ~ n  d c i e c t i o n  s y s t e z  r o  ; r e r e z t  d e l z ~ - e C  i p i t i o n  of one 



e::;i~!i. f r o c  an a.? jact>nt c:lcinc i !I t!lc rltisr c:-. St*ronc?l?-, t ! ~  thrust. 

\ ' c ~ ! I ? u ~  CilI. \-C E:S ;t be r e p : - ~ ~ ~ ? ~ : c i S ! e  L: .r!lin r:arrov I i m i  t s .  nt.? only 

fr - i~r ;  f i r i x ~  t o  firi!:~ of  e a c t ~  r':;:in~ b:~t. a1 SO f :  cr.gine ro engine in . 

s r ~ i c r  t o  prc-;-e::t I?? 4 i  ? o1-e-**'----7.- . . F :t*zcl~t s on t!:e Is:u:ck p:lti. Q ~ V ~ O U S ~ Y ,  * 

~iiert. i s  a lil;c rc5uirP-e::: on skutdokn. 

. . X :!I:: i rcquirczt.n~ 1 s  i::sz!a:ic3 of u~co~ilcj. cCz?onen:s r?f X ! ~ C  engine 

f r a r  rat?i;~ilt 11~;f;:!is 21?rl f l c z e  r e c ~ r c u l n t i o n  in i ! l ~  1wos:rr hvattail 

r e p l c n .  Ir, sr.r-e a t - ~ a s .  i::s.::a:ing blankets a:.? 7;scd. I n  o?>cr areas, 

r^&>:?!Cc.d cc.t-x=ic ca\-ers are cc.t.2. i n  both c a s c s .  r!ii.\- are ~.e:zrn-able. 
. . 

?:e e l e c t r i c  cc:;t:-ol ..:.d ir.s:r.zt.r.:a.riox~ b-irl~.;  are e2clcsed i3 staled 
. - 

ci,-d..: , , , ts  c> . j l~ \ \ l f  o f  h-i,?t?s:r-?t:r:= fl?--ze t r - ~ ? ~ r ~ : x r e ~  f v r  3 f e y  ~;nutes. 

-. ::lest. are n pa:-: o f  t f ; ~  n;er-z:l re!iri?.il5 t?- cnrrcept f c r  :5e engine. 

-. - r-: t>-ri:;e 21-s t>t.cn -2-t.rr.--.7~ - :.., - 2e;-e;c.j.c:.in ~tsr::;; S?::C? Z:LT~ : D G ~  
, -. 
' I .  . S-cccss ---as t-nc?:-xrert . .? iz rcs : ic ;  ~ l ; e  f'irsr er,;i-e i n  c i d -  

!??;'I a::? ic~~rr+\- r r=rzr  cpn?ir.:t i n  :?le .=rrbsty.:rnr pi;?* e::;i?es rested. 

TI..e f i r s ? -  re-.: a: f u l l  ;:7cdz: 5. ' ' -  :!re prn;rzcz-zc! 2uri:i*:> c ?  152 seconds 

l-; -; ~ 3 s -  x a l t  oc 2:. !:a- 1":.2. .A .*A -.. . r e l i a h i l  i  t ~ -  g: a'i k e f o r e  Celirerr of 

f: f 2: ecgincz  ---i!l 3e =et  :>is >-ear. 





















Figure 10, F-1 Turbopump 



Figure 11, F-1 Gas Generator 



Figure 12, P-1 h e 1  Yalve - - .  



F i e  1 F-1 L i q u i d  Om-een Valve 
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