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DKVKU>PMI>fT OF THE ROCKET ~GINE FOR THE JUPITER MlSSIJ.,.£ 

BACKGROUND 

by Roy Healy -Rock~tdyn~ Divia1on, NAA 

Manager .. I UPl TBR and H-1 Programs 

In 1<}1)4, during; full-svin~ product.ton of t.he 78,000-lb tbrut~'- lUJ>~l'ONE 

enu.int·, lis<> Propulsion lhdaton (no.,.. the Rockct.4yne Divlaton) of Norltb 

Amcncan A,·iat.1on, ln c. t'eC'f'lved an Army Ordnance cont.ract. to dcs11Pl a 

~r.aled-up po~rplant. of 135 ,000-lb thr~8t for U8. in •n .av~eed, longer­

rang~ v~rsion of tbe HED~~ONE balliatic •la•ile. 

Th1s en~1ue vae t4 utilize tb~ baaic engine componen"a and principles 

of t.b,., ATLAS propuh1oo 8)'t~tems which hart been undt>r dc>v~lop.cwnt. by 1'\AA 

for several years. Jet en~1nc fuvl waR to be u~ed for improved ~p•clfi c 

1mpul<'1e ovf'r t.hl' al col tul fu<'l uae1l 10 t.IJe flfl)STOl\E, and liquid ox~gon 

"as r<' 1.a llh·d as U11• ox 1d l.t~r . Tht> hydrogen perox.id<' !.)'stem used in the 

flEDSTONI<; for i.u rbopump drl\t> \lia/\ 1.0 b (' replaced h:-· a ~ns ge1wrahn~ &}8-

t.Mll ~At.i.lillng basH cn~otiu<' prop<•llan'-11. MaJ Or impron•mf'ul.a 1n turbo­

pump" , thrust. chambe r.li , cout.,·ol !', a.nd ot.lwr auhsyatems IIIPre t.o he 

lncorporated. Guubal1n~ of t.ht> -.hruat. chamber f<'t' dirrct1onal cont.r·ol 

\liaR t.o rt>place t.h~ ll.EDSTONE syst<'m'!l rarbon Jet vanes. 

lP )l;o,·<'mber 1955. vben th~ l)(>parutu:nt. of Dt>fense est.ablislwd t.hc require­

m<•nt. for an iot.enn~diat.e r ange b a lllttt. ic mlsstlt> v1t.h a 1500-naut.ical­

mt l l'-rangP, dt>vtdOJ.DH'nt. of thc- advH.t~crd fiE!)~fOKE <:'O~lDf' aml an Air Force 

t o11nt.eqHU't. was rl'lllrt"ct.ed t.olo'arrl t.hu; goul b) uprnt. 1n ~ ~he t.hrusL t.o 

1')0 ,000 Ill and l oc:·,..a:Hnl! t.hP o~ratln)!; t.uut> 



T1o1.1 Sl"}(:l'l f1c m11j~tl(• pr·ol!r·ru.ot1 veri' t~!\tabl.ialH'd in January l'}')6, the-

Army .TtPITER (t.hcn int~ucit'd as a rlt>t't BalltHt.tc Mi~:~gile for the Savy) 

nud t.lw Air Fore" TI!OlL Thi !I pet1ni t.lt'd SAA, hy t..-chnical coordination 

lil t.h t.he sen· ll'l':4, t.o t.i!{h t<>n up t.he pren.ou!lly ~eneral ~pcci fied e-ngine 

n~qUH"mt•nts, operating n~glmt:'N , and int~Laltnt.i.on dt•t.ailfl for thE' tvo 

para) J t' l pro)!r8.111s. 

From t.lw ortginal rlesign ~o-ahead in mid-l<J5'a, tlw .JUPJTEil propul.-ion 

s~ st.cru vas d'~velopt>d under a craf'h program that. mad" poss1ble the (ir8t.. 

missile launchin~ 15 months after tbe DepartmliHlt of Defenst> Jnit.iat.C'd 

the IRBM progr&Ol, and !Jl i~htly over one year later, full-scale produc­

tion Clf Lhe .JFPITEH roek<•l t·u~int• began. 

l'h<' uou!nlal ( ompre&8! ": t of rJtE;> tlf!vi:Jormr:ut. ~cuedu l t> co.n hE> sc~n from 

thP following t.tme tahl~. 

Derii~n go-ah(>ad for .\n arl.vanced Rl'::nsTO~E po'lt'er pliUtt ,lul y 1~)4 

!\o \' 19')') 

F1r ~ L cn~ine tests Nov 19')1) 

,Jan l C))t) 

.June 19'""1b 

!>far 1957 

'fi1is nnprf'~'t-nd<•nt.,•rl ~( · bed\.lt• curopres:~ion 'lt'ns mo.d1• ptls--ible by t-he vcalt..h 

of la.rg:e rockel t>ll!!in<· t.>XfX·riPocP predou~;ly &C'ctlll1ulat.ed h~- !\AA on th<' 

l\AVAHO, IOOSTONE, and .-\TLA..') pr·upuletOJI sy!itellt~. Th~ U\'allahilit.y of 

t•Xt<'nsivt• component dcv, •loi-J1H'llL }Hl~ fUld t>np,int- fi.r1ne; :<~t1Lnds at. l.hP. 

Hod<f"lrty!i~· Propnl ~t<)n Flelct Lt~horatory li'&S hlt3o a ma.JOl' uid 10 t..ht• a.cc('l-

I'I' a.r.t>d program. Jlovt>v•·r, t.he t r u£• kt·y VO.I!! in tlu• tl•·ci~ton mat.lt• in l9i!l> 

h .\ SAA :tlclllfl /.! em<·nl. to d•· ,···lop IL:-\ l•lm lat· ~r· . liquid pr·opPlJunt rod,(•\. 

l'he V-2 Pu:z:ine wa.-



G ~ F.B.A.L D ~:;SOli P'fl ON 

ThP .JLTITElt rocket. •'llJ!IO<' (H.oc-h<>tdyne Mod<>l S-3D) horns RP-l, a keroscnc.·­

t.yp<· fuel, and liquid ox.\~<·n (.(, dl'\'l•lop a Aca-lewl t.hru .'IL of 1'50,000 lu 

for a noroinal duration uf 17~ :ll'cf•od~. Pr·op<'llan t.s an• suppl11•d LO t.he 

gimbalcc.l, rl'llcncrath·Ply c-ooled t.hrusi r.hNllher by t.vo <'••nt.nfugal pumps 

dri\·1•n hy a hot. ghs t.ur·lrtrw. The t.•Jrhln~ is po\ferPd by a ga:t ~<'nct·at.or 

•1 .. ~in~ pcop<'llant~ ld<•d ft·om t.ht- t.urbop•.Dilp discharge duct.s. 1hn·~ JDtdn 

vaJn.>s a.nd tw-o auxiliary vnlvl.'s , opPraterl uy tw solenoid valvc:s Wtd a 

hydr·aultr ~wrvo valve, and !'II'VI'ral 8U!Jpl<'m<·utar~ cbeck valv£'s C"llntrol 

t.ht! p1·opellani flov t.o t.h~ l.bru~t chWIIhcr· 1u1d !.:as ll;f'llerat.ur. 

Oth(>r sub!iyst.t-ms include lubn<'nt.ion for t..hc t.urboplUDp assemhly, a chMJ­

hcr prcs!\ur<' C"Ontrol system, anc.l hydrnulu:, (•lt.•C"irical. and pnc \UDat.\C'. 

sy~t.cma. A ht>at. cl:changer in Lh(' t.nrb1o e (!Xhuust. duct vapor17t' !'l liquid 

oxyg.-n t.o ma1nt.aJn t.lw nert>tu1ary pr .. ~surc 111 th(' mt~silf.' liqulli oxyl! .. n 

\.ank. Duct.s, pqws, ancl t.ub1ng fo1· prc)pcllant.~. hot. J.!.llt', and prH•umatic 

and hydraullC od rout.in~ l·oon<'c-1. the <IJterat.t.n~ r.ompon.,nts . A tulJulnr­

::nct' l t.hr·u,.t fro.mc provHlcs a comm<.l n mou.n t. for tht> eng.Lnf' compoo~nt.s 

and t.ra 1smi ts tht> thrust from th<' ~>ngiue to tbC' mu11sde st..ruct.un• . 

Starting propellantR for the aas g<'nC'rator ann maln thrust chrunb<'r· l{..'1li­

t.I.On flUJUc arc suppll.cd frOJ:t 1.\ofO t'Wiall tanks w.ounl~·d on tbe m1:~:3d~ lttunch 

pad. l:':l .. ct. t'l(· aJ ami hyclraulic pcHo<•r an• al !W I.(!'Ound supplied pnor t.o 

llft.off. For pn•·umatdl" r~uircment.8 , ~pht•ril'aJ hi~h-pregsur<! ~as<>ou~ 

nit.1·op;cn l anl-;s in t.llt' rn)s :nlc> at· c• ~~ont.in•v>ul!ly repl'-'nlsht>d from a ~round 

!4ttpply until l hc> rn.,«ilt: r.1~es from t.IH' l~unrh pad. 

'fh(• .JUP1Tf.li enain<> i:i s1mllar in many rf>HJ•e<· L~ toU1<> ME st>ries of t•n~10('H 

for t.h!' l'l!OH rou•·ul ... 'fh<> ont.!<t&adilll! point.~ of dtffl'ren<'t> tnt lu!IP t.IH• 

mon· prt•ri. ~t· t.hr·u..,t c·onlr·ol syst~m of t.he ,JUPITER t!fl!llOC', a&lU t..llt' 

HlfP of ~t"OIIOd-mQ•tnt"d stiHL L&nk'i rat.h<'r t.hau t.hc> <'OI!'lO P.-fiiOUnt.cd, tloubl<'­

rlut.) ( ,d.an. ami n-rn11'r ··n~J ne o~tt-rat..i()U) t,anks of t.he THOR .syst.~m~ 
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CO~IPO?-;F~T Of:SClll PTI ON 

Jhrnsl Chamuc•r A~lolPmhlv 

Th<' t-hrust. chambet· body is !abricat.t>d of ~~cull~' formPd , t.hin-wall 

nickPl t.uhl!S, bra.-.ecl together and at.tf!en(•J vi th external r..1.rcurof('rcntial 

st.c'<'l haodl4 and rings . 'fhl' fuel coolant. tnlvt>ls a douhlc pa~s flllw- pa1-l1. 

FnPl t•nter:t 1'\"<"ry ot.!JC•r- tubt· of t.ht• t.hru~t. chBJDhor t.ht·nugb a st.ccl 1nl~t. 

mar11fold, Lravl'l:i do\ffl t.h1.• w-alls of \.ht- !'hamhrr to t.hc c•x1t end, and 

r<•t.uru 8 llu·ough al t{'rnate l.~th<'s lo o. st> cond num1.fold which 8Upporl.~<~ and 

ft.>t>cl:- t.h{' w.r•·t·t.or. The <'Xha.ust. nozzle is bell shaped for improved ef­

flclency. At. an tnjer.t.ur-end cbaab<>r pressure of 52'5 Jhdo., a SPa-level 

nomtnal 1'\pt•ciflc 1111pulse of 252 seconds is obt,aincd. 

A mul t i -nnJ.:, flat.-plo.tc inJ!!d.or w1 t.h a l Jk«>-on-likc implng('ml'nt patt.t·rn 

and altc~rnate fuc•l and ox1di.tt>r r1n~d lH ll!it>tl. An tnllt'p{·nd<>ntly fed, 

··cn\.rnl f,IPl spray diK e e~r.abl!~hf>~ shot. <'•lr<' tgu1t.1on flame befou• the 

arr·n·al of lll(linsr..a:!<' propt•llll111. flo"'·· l·'uel ttl tnt.rt\ tiucen 1nvanJ r&dlally 

t.hrou~l& cott·•i ptit~t'l&/4t'~ \11 til(• tn.Ject..or uody, and t.hc o.x1dl1.er 18 supplil'd 

Lo 1ts l'in~.!'l t.hrou~h an aluminum dome fa!it.('ned to t.he t.op of tht> .injector 

ptat.t?. 

Primary 1~n1tion 1a accompli~h~>d by u pyrot.<•rhntt· · ~~lltc>r finng radtally 

ou t lt'ard. ThP. uppt!r ~t.PIIl l9 Ht:r('ved intt~ t..ht> ccnt.t-r r, f l.ht• lOJCct.or fuel 

~pray diRI'. 

For thna.Ht \ ' ('r·Lor cont.rol, UH· t.hru!-lt. chamla·r ~tmbal!'\ Uu·ough a 14-dt>g 

ron~ an~lt> h y me-an :; of a <'r• •clfonn lh·ar· 1u~ gunl>al block wow1t.ed on t.op 

nf t.h<' lO.Jt>Ct.or tlonll'. }'l<'Xl.IJic >~t.ainl(·,;~-~t.P.<·l ~·~ct;un"' in t.h~> propel-

lant. dnctinll. pcrTOtt. Lid~ mot1on het.w-PPn tlw munng t· hrunht'r and Ute tJxcd 

pump::.. llyuntul.tl· uci.uaa.or« npt.·ralP lll·t.~o·Pt>n rllll.rtl!~l'rs on the lltrudl 

chamlJ,•t· and Jlb~ on the ft\ t•d th ru ,.:t. frruDt• pro\·tdnq~ :IJO\t'Dl('Ot. 1.0 t.hl• 

pi t. c h o.n d ~· n"' p 1 an<' .·• . 



Pn~umati cally operated, butt('rfly, &at.e- t.ype maio propellant , ·alvea are 

in11talled in t.lw -,ain ducts adjacent to tbe tbruat chamber inlet porta. 

Turhopump Asaemblx 

The propellant puMps are driven by a mideet, tYO•at&Ac gas turbine which 

generatl's approxi•ately 2HOO bbp at 28,000 rpu. It. is l»>wred by a 1200 F, 

12.5-1 b/ sec gas flo'lo' produced by the gas gt>nerator. Aftet> paasing through 

the turbine , tht' hot gases ar.- ducterl through the heat ~::a:cbang&r 'lo'bich 

presRllrlZ(>S U.1c miuil~ liquid oxyrn t.ank. The exh&uat. ((aaes are then 

ducted ov~rhoard, tbrouch a hydraulicoJl> controlled sviv~l no~zle wbich 

o'~rromes the roll tendenciea of the miasile. An extra tbruat of somu 

~00 lb is produced vhen ihe e~bauAt cases are direc ted rearward. 

The ccntri fugal propellant pW!Ips are J'educed i n Rpeed by a factor of 4.88 

from th~ turbine speed by a t.hree-~ t.a~c gear train. lndueere~ are pro­

v tdf'd before t.hc pump impellers to reduce t.h e NPSU requirem~nts. Mount,ing 

of tht- J>Umps i ~ dcsi!l;tled to take t-he rt~in~ bead lua(ilt and accelt•rat.ll)n 

t•ff<.'<'t s because tlu.• mis sil1• n · acbea l> g b p f o t E> t.he end of en~ .1ne opcrat.ion, 

An a•;cE>asory dri. vc pad pt.•rmt t.d moun t.ll~t!: o t t tu'! nydrau.L1c pun1p, a ~pcE'rl 

tnrli c11ting tacbomet.•r gt-nerat.or, o.nd All overapccd cut.off gov<•rnor for 

ground tcs Lin&. 

Tlw lubrication systl'm t:onsist~ of a pnetaat.ica1ly prc ~surizcd t&n.k of 

200 ~Hoods capac it.y ....t..ich supplies luod<'at.ing oil to the bearings o.nd 

:;:cars. A 3- to ') -pfti pretuurP differential i R matntai:· •.l in "he gl'tt.rboJ.: 

t o prevent. tbc advc•r :; e , ·acuUDI effects on t.lw lnbri cat.1ng otl cxpericmccd 

du rin~ early fU gbts. 



The t.url,opump a.~:~ewbly, o.prat.ed from t.be original 120, 000-lb d.c$ign ca-­

pacity 'lo'ith un<'Xpt•rt.t>d forces exert.·d on it. in ballistic miesile flights, 

ha~:~ ciPmantlt>d a conc~ntrat.P.d develoJIIlent t•ffort. with A8MA contrihu-.ina 

hf'avily in u. C'OOJX•ra.t.h'l' c {fort t() I>Vt>rcome the problem arras which could 

not. be pinnt•d dolt"lt in e tatic firing tcs is. 

Ga!j Generator 

TbP apher ical combustion ebUtber o! Ult> gas gt>neratA>r t>J!lploys a simple 

like~on-1 ike in.}eC'tor at. it.a u~r end. and an addit.ional toel-cool.ing 

spray nozzle at. its c-enter. Mitiac to &ebicvt> a homogent!'oua .lwtl-ric:h 

gu is aidt>d by a cylindrical b&eket in the combuswr. 

Pro!>"llant. flow to t.ht• gas generat-or h initiated by t.hc opening of a 

double-bladed, pneumatically aetua.ted valve mounted aa an integral part 

of the combustor. Liquid orygen flow ia regulated by A throttle valve 

as part of the main chamber pnesure control syst.em. A fi:&cd cal ihra-.ion 

orifice 11aint.ainK the f1tel flovratft at the d~sired hvel. 

Tvo pyrotechnic cart.ridg<>s threaded into botJ~tec on the gas ge.n~rawr 

body provide igni t.ion of tlw in.i tial inflow of propellant-s from tne 

ground start tanks. When tb1s initial fl~ baa accelerated tbe pumps to 

approximatE-ly 80 percent of full discha.r~, pressure flo'f fr Jill t.bc.> pump 

•• bootstrap" bleed lines tak<'s over with the ground fee-d bcinar; ch<'ck­

valverl off. Tlte enl{ine then bccotnes s~lf sustaining. 

Pn~wua ti <: Svs t.ew 

Mi ssi 1 e-suppl ind gaseous ni trogcn at a starting prel4sure of 3000 ps ig 

j ~ filtered &nU regulated dnm to 750 psi~t t.O Operate VI.}Vns, prondP 

purees, and to pressuriz<> the lubricant. tank and t.he turbopump ~earbox. 
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1'vo four- .... ay KOlcno1d valvca are mounted on the ".ingle pllf'tUilat.ic manifold. 

One of these operat.~s tbc main oxidizer valve and the igntt-ion stage fu~l 

vah·e. The ot.her, when Algnalled in sequence, simul t.Mcously opens the 

main fuel and gaa genC'rat.or vo.h-es. 

Elcc:trical Sv~wm 

A 2H-vdc elc~trical power supply i~ required to operate the engine. All 

s i~rnals ~·omt- from an in t.egrn~ed mhsile tail diai.ribut.or box through a 

harneds to op~ra~ control,valves and r~ceive position indications from 

microswi t.ches on the main val vcs to provid«.> certain of the prefiring 

and pret.GkeoH safety and sequence functiona. 

A 1 ~ 5-\', 60-cycle ground pov~r supply operates varioue h~at.ers u~"d t.o 

prc>wn t. freezing o! ooaponMSta exposed to 1 iquid oxyg('n. The 11 ')-v, 

1,00-cycle power supplied to thh tl1rust control coJilputer antplificr comes 

from t.he mtssile ltOO-c-ycle system. 

ThP cn4;.ine hydraulic system consiat!i of a pump drivPn directly of! t.he 

turbopump accessory drivt• paz!, a lov-preaumrf' accUlllulat.or, filt.er~~S, and 

a lngh-prt~s~urE' manifold. Tb,• ~yRt~m is u~.-d to providt- actuating poW('r 

for the main thrust chambE'r ~imbal actuators, the turbine exhaust roll 

control swivel actuat-or, and the thrust control ser·\.o valve. 

'fbrul:ll Con lrol Syst.em 

Tb. lbrust cont.rol system is d<!~ign"d t.o mai.ntain Lbe thrust cbambl'r 

prPssurc (P) (ah!iolut") const.a.nt at ~ome prcdct:A.>nninf'd lPvel {corn·R­
c: 

pondjn~ to U1.- dcsin·J t.hruHL dut ing ~na..in~t.agt•) vi thin a tolPrauc-e of 

t 1 p<>rc<-nt. 
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Coot..ro l is acromplished by at-n6 ing chamber presaure, comparing t.be =~i­

tudr to a prcd~t~rmined value (P level confonning to the de~irrd thrust 
c 

lt>vel), am\ cont.rol hng liquid oxygen flow to the gas g<.>ncrator in such 

a manner a"' to main t.ain a zet·o error between the level of the sensed 

chambrr pr11saure ADd Ute prf>detcrmined rf'ft'rcnc•! lrv«.'l. 

Ttw cbombt>r pres~ure is moni tort-d by a presR\lt"<' trn.nsducer which prtHlucl'R 

an <'let'triral output proportional to t.be ma~itudf> of prc11~ure. The out.­

put. s.qptal of t.he prr.Hsure transdn~er is sumaaed '-"it,h a n•fPr~oce volt.age 

proportional to t.hr predet.e1·mined chamber prel'aure .l.evrl dc~ired during 

mainst.ag••. Any existing error is amplified by the servo ampld1l'r wtaich 

produ<·es nn output with respet't to magnitude and di.rcc1..ion of t.he crr·or 

si:{tlal, such as, to rP.position tbc liquid oxyaen throt.tll! valve (by means 

of t.hc hydraulic seno valve) t.bua orificing t.he liquid oxygen fJov UJ 

th«· ~as generator in a dit·cction to reduct' t.be t>rror in chamh<>r prt~ sourt• 

t.o z0ro. Control may bt> ac<'ocapllsbcd in tbif\ manner since <: hwnucr pr~s­

sun• is an 1111p!.1ciL function of turbin<' po'-'cr 'Which, in t.urn, l~ a fllOC­

t.ion of thl" li4uid oxygE-n flov rate t.o the ga::s gt-nPrawr. 

ENGINE OPERATING SEQUENCES 

Start.ing ~gu<>ncr. 

llt>c· au~J«' ~tart.ing is l.he most difficult. phaa<' in t.hf' operat.i{'n of a 

hqui<l prup<·llant rocltet en~;1.ne, Uw ~J() JUPITER propulaton syst<·m is 

start.<'d in IW P\"tmt-ladder sequence 1n which ~at.isfactory completion 

of one event 1Ugnals t.he next. st.ep t.o take pla<'c. Wben t.hi?' ma1n misRile 

propt•llant tanks are pr<'stmrizt'd to APJ'rox'inaatt•ly ItO ps1, a 1H~na l is 

gin·n to pre~suriu t.h<· g rounci-mount(;d fud anti liquad o\.y~f!n stQt·t tankft. 

Pt<'sHurP ~vtt..cht·H tn t.hcat> tank!'~ "picb. up", cloBiug a ci.reuit. wh1ch fir<'~ 

a pyrut.edn••c agnit<-r in the:- ruaiu <'hw.nlwr. Burn-through \wks 1n this 



i1.911ter t.hcn ~io;nal for t.he liquid oxygen valve and t.hP. ignit.<>r fuel 

valve t.o open. The vilot.. flame which iM prodU\l?d burna through a link 

w\rt:- strl'tched act·o~;s the t.bru:'4i chamber oozz.le. This signAls the two 

gas gcncrat.or· igni t«'rs t.u fire. Again, burn-tht·ougb of linl's in the~e 

igni~rs signals the opening of ~he main fuel valve and the gas generA­

t-or valve. Fuel and liquid oxygen from the ground start. tanks at.a.rt 

IlowJ ng under 650-lb preuure into the gaa generator, burn and produce 

gasE'~ which accelerate tbc tu.rbo}J\Sp. The pllllp oout.inul.!s to accelera~ 

as thf' !u.-1 fills the thru•t cbaaber cooling jacket, and th<' main fuc 1 

f1ow arrives at the in.jcct.or at. a high pump sp~cd. 

Durin~ t.bi<J Lime interval of turboptDnp acceleration, the liquid oxygen 

flov is also inr.rt-ascd. Consequently trathli tion t..o full l.brust takes 

place 1111dr.r hi~h Clolf rates. IUld chambt•r pressur<' ris<>s to full thru~tt 

in a fraction of a ~ecnnd. Somr of each propellant is div<'rL<'d from 

t.h(• high-pressure d\lcl.~ to f€'t~d thl' gad ~enc-rat.or and t.be cnglDt> over­

ride~ the:> ~round tank ff'ed to lu•come s<.>U: sustaiuing. 

For engine shut.dovn, th<.> t\o'O solenoid ooui.rol \ralvcs art> simultaneou~ly 

df'-f'O<'rgi z~d. Pneumatic re~tric tors in the vent. por t.s of t.hc opening 

cont.rul aide of tb.! i. r rcap .. rt.ive solenoid valves art' cmploy<'d to He­

qnPn<-e lh<' liquid oxygc>n Yah·P. t,o <:los" shortl~· aft-er the gas generator 

valvE> bas clo«ed, with a sU!.!;ht time lag bcfort• dosing of t.he ma ~n 

fu(>l \'alvl'. Thr closing time of the liquid oxygcu valve is the prt•dom­

tnant factor i n control of cutoff 1mpul~c; the later cloain~ fuel valve 

having little effect. Speed with \t'hi<h t,h~ liquid oxyw.n valve may be 

r.lo8ed, iB }united by the maximum bydraulir sur~e~ vhich can be vith­

Rtood· by Lh" hi:xh-prcssurf' and luv-prc,..~urc liquid ox-y:_{cn dud ... s. 
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DE\1-.:LO~e-.'1· PROBLE}!S 

UpraLJng of Thrust LC'vel 

Almost !'limultant•ously vith the delivery o! the first JL'PITER CDilD(' to 

AUMA, the lDCYitable uprating of thntst. bt> :.~W'I. The original ATLAS ~ue­

iainer· that precedE>d the S-3D, developed 120,000 lb t..nrust. This vaH 

re. i ed to 1)1),000, then 139,000 , and finally 150,000 lb t.hrust.. . wil..b 

prohlews t•JH'Outlt.en·d at. each stE-p. 

In upratin~t th<! <'n~ine from 13'),000 lb t.hruat. to 1}0 , 000 lb t.hrtutt, a 

larger thrust chamber nozzlf' of bell confil(Uration proved lc;.-~!i ngid 

than t.h<? form~r con1tal nozzle and distortion val! cncount.en~d. This, 

couplc•d vi th resonant.. frequency problems Yae final ll alleviated by the 

atluilton of c:xt. .. rual t~l..iffening rings on the e~pansion scct1on. 

The increased power load on ~.bu turbine resul L(•fl in tumH•rous ul ade fai 1-

UJ'('l:j. ll.ed<' .~ign of tht• bJad<'s to incorpor·ate interlocking tip Rhrondl'l 

not only solved tin s problem lmt al110 resulted 111 an l'fficu.•ncy .lmprov\·­

mcut fl r several pen~.-nt. 

t'J igllt tc~t. failurCd of t.VO ruislliliH' Wl!re nt.Lribui..t' d t.o tttrbop,llllp gear-

bo;-. malJunct.iontS. An extcnsivl' tnvt.•~t.lgat.ion bj llock('t.dyn<' and ADHA 

tihOVf!t\ scvPra! possibl<' areal! of veaknt's!f , and each \las t•xamincd iu great. 

d.-tail. Bt•aring rctain<'l'8 vert• added to pr<'clurlt• bearing valk tn.g; a 

quill shaft conn<'cting t.ht> turbine to tht• ~c arbox •.(ad r<>dt>8i ::,nt.>d; lui.lrj­

ctltion of t.ht> hf'arings vas llllprovl!d; and t.be gParhox vas prt•ssur .;. z('d w 

approximat.t-ly 5 psi s o t..bat the near-va,·uum .-nvironntl•nt of h.igh-alt.ituue 

fli!.!;bt ... -oulcJ uut. negate the- luhricat.inp: qualit. ics of the oil. Sumetou~ 

s <tCOl!SI'!ful fli!lhts sine(> t.iH' incoq>orat.ion of thl'se fix~~ havt> 4h•mt)n~tt at.ed 

Lhetr l· ff,•ct L Vl'll~H~. 
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Thl! propellant. feed syst.f·~ anrl rluct.ing also shov~d the ~ff<-r.ts of up­

rat.in~. ChangPs 1n manufact.urinr:t tecbniqu~a and use of larger duc-. t.s 

vas t.he c·ure. A lat.(•r problem arose afft•4't.lng both t.hc high-pr(•ssur~> 

duc t ing and the t.hru8t chwnbPr. A natural frequtmcy out.put of 500 cpa 

ft·om the ful'l pump secml'd t.o lw wupltfied by ct>rt.ain lllltt>rf•d, vaned elhovs 

in tht· larger diameter, fuel hig;h-prf'K8UTt' duct a,nd was then t.ran~itc.ed 

to t.hr hcl1-~hapcd t.hruat dtamher. Ar.ct>lcrometcrs mount.erl on t.hc tl.u·ust 

<'haml~<.·r dom£' r~~iRt1•r·ed up io 40 g at 500 cps, and high-speed iost.rum£'n­

t.ation motion pictures shoYt>d pronoun<-ed flickering of the fla.mo. Three 

o.ddi tiono.l ati ffcning rings on the nozzle shi ft.ed the chamber frellU<mcy 

and eliminated the phenomenon. Duct lt'akage problems have Also pr·ovided 

conaid··rahle improvements in flanges and :!;askch. 

Operllling St•gu.-ur.e 

A<>hicvcmeni of a ~atisfa<· tory op~ra.t.inLt scqu<'nce, both from t.h«.• cn&:int• 

and missile viewpoint.. rt'quirml con<: ~>nt.rat1on on st.1ut.1n~ Wl.d ~hutdown 

tests car ly 1n t.h<' pro gram. Obtain in~ saHH> t.h i gni t. ion of bo l.h ~b~ 

slar tang flov lltld maiostagc arrival flo"·· with the latter urnving at 

controllf'-1 conditions of pump spocd to avoid an undt•Ntrahle chamhcr 

pr1'8'1ure IIVtlrshoot, l'lccupied a large portion of in1 tial devp)op!wnt. 

Tran..;i v on from ground ff!t'd of the t\yst.••m t11 en~tnc st>lf-sustatning c<m­

rli t.iou or "boot.st.rapping" at a desir~d poW'f'r 1(~\·cl, ,.,;, th a dip in thrust 

ut th : ~ point to l>e avoidnd , also r<!quir·cd conslderabb t-esting. Satts­

fa<>Lo t·y priming of the liquid oxygt'n tloL1t' ami fncl 1njcctor manifolds at 

t.h<' i ll:itn.nt of mains t.age thrust hui l<iup ha<l to bt! acbit>\'1•d. Con trc> ll('d 

valvf' ~cquen•~1nc. t o n.•duc«' cutoff impt1lse. and make it reprodncihlc, 

was also a major ohj('cti~ durinl! t.hit( proj!ra&n. fbc even~ laddc-t· !:W-

q u<-nct>, wh j ch will siJU t. down tlw ' 'ngi n~ if nny on(' s t.l'p i t1 not. pro p~rl y 

pcrft)Oll•!d, as an ex:cellt>nt. example of cng i nt• aut,orua. tt on . 
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At the start of the JUPITER progru, it. was believt-d tbat c-crt.ain guid­

ancc:> am! strnctural pro\Jlems di(:tated a limitation of fllght accelera­

tions t.o a ma.xuntun of 10 ~· Early engine throttllug t"XJK'rlmenta included 

dt•\.ices to c-ontrol tbc flov of hot (.t&8~s in t.he duct. <:ennect1ng the gae 

g(•nerator to t.he t.\lrbinP.. Tb~ rt>sul t.s wen not grat1 fying. Nf'xt. t.he 

thrust control syst.em vas modified lA> 1nt.roduc" IU'I crrot· ~lJ?l&l 11thidt 

would gradually t.brnttl.- Jown t.be liqu1d o:rygc-n flov to tb1~ galt genera­

tA>r. Tbis rt'sulted tn rmnpliratln~ th" systNn, and problem areas v~n· 

proc..lur<·d. ~·o,· tuua.tcly, 1t. vas f'stahlished that neither thP structure 

rwr gut~la.uc-l' ro•quired g limitat.iun~, antl t..his fcat,\lr~> \fO.$ cll'oppt>d, 

l(·anng the cbrunber prt"sltur .. control ey~tom as a. rE.>lativcly st.ra.~ght..-

fo rvard fixed -1~ V<' 1 !:'l)'l!J t.P.m. 

Simplif .1.cation 

Simplifi cation of t.ht- control ttyst••m of the Pugin~ bas pro ce1• ut:d apace 

Wl t.l1 oth•~r bnprovcment.r:~ in ront.rollcrl hlock changr:-J t.o th~ •·ngine. Many 

COtn})()Ol'DlS JlOt rPq_Uircd in flight have bel!n maue ground itl•ms. 'flte 

ori:!inal nint> uolenoid valvP.s on t.be £>ngtnl' bav<• he<'n rcdur.t>d w tvo. 

Various lH'lfc:>Ly inl••rloc·k pr~~HiUt·l' 11wi lr.hl's, found to be unncc<'8SI!\l')' and 

in fact. l.roublc-~ome, have be .. n diH<:ardcd. GaReou8 nitrogen has been 

suhat. i t.•1tcd in t.b<' pnrumat.ic ::~ystem for loj!tst.ically 1 im1 ted helium. 

Quality AFsurance 

In t.ht> t.ran~i LJIIO from p l·•> t.ot.yjl<' w prodn.ction, quali t.y a~Hturanrf' til 

<'Xir(lmf•ly CrJ tical . l<xt<'DSl\'f' inBpert1on procedures a1· (• follov<'d t.hrougb­

out. , and 11 c:o nt.tnuou~ <•ducat1on progrwn i~ used. Expandin~ production 
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and the ur~cncy of the progtam put a severe strain on the manufacturing 

groups. Source inspection and continuou 11l01l'it.6ring by llooketdyne and 

Ordnance Quality Control grouFs has served to el~inate quality ~ontrol 

prC)blems ae they arise. 

AlODUCTION 

JUPITER rocki't. engines were produced initi:ally at the main Rocketdyne 

plant i.n Canoga Park, Cahfo'l"nia. Tbh included fabrication of devel­

opoent tl ight missile engines, in-®\lee 4<'velopDent teat engines, and 

engln~s for the first aquadrone of eperational missiles. Acceptance 

testing of all delivered engines, unt-il recen-tly, ....as perfonaed at, the 

1700-acrc Propulsion Field Llho-ratQry in the adjaeent Santa Susana 

Mountaine. Normal dev.elotaent teatiaa on uev t'"ttgine feat.ureM and flight. 

backuJ) firings bave al.-o beea coaceasrated at this facility 7 

In the fall of 1958, production of JUE1Ti8 engines was tr~1sferr~d to 

nockctdyne 1 s Neosho, Mi ssoud plant.. When th.ia t.rensfcr operation haa 

been c.ompleted, the Canoga Park facility will conacntrate on expcrllDental, 

developmental engines and preprodUction protot,ypce. An exampl~ of tbia 

Lrend is the recently initiat~d progra. on the ~ce~ JtTPITBR (NAl 

Hodel U-1) engine intended for the mul i.iengill(! application in the .A.rmy 
J~~ 

JW9 ¥-booster. From the technology acquired in c.be past three years 

of develotncnt and flight test.ing of mBH eagines, advunccd and furthf"r 

Ritaplified (!Dgi ne eomponen&.a and operating ~cquenees have been evolved 

for this second gcnerati..m-1.ype rocket. f'nginr. vbich, it h hoped, will 

cnabl•~ the trni.t.ed S·t.ates to take giant. strides into space. 
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