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The following report summarizes the H- I Rocket Engine design features for the 
various SATURN vehicles . Present plans call for engine design changes to be made in 
b locks wh ere possible to simplify documentation, design coordination, and spare part 
avai l ability . These engine blocks will coincide with the SATURN miss ile blocks wher e 
poss ible and the following description is broken down accordingly . 

1. SA- T VEHICLE 

The SA-T vehicle utilizes R&D engines H-lOOl t hrough H-I009 which are not 
capable of flight operation in t he SATURN booster . These engines are de livered to a 
nomina l 165,000 pounds of thrus t and will be tested at this l evel unt i l modifications 
can be made . Jupiter type gimbal blocks are used which make these engines approximate I 
one i nch shorter i n overall l ength than the SA- l and subsequent engines . Instrumenta­
tion for static testing will be incorporated on each ind ividual engine and a hot firing 
will be pe rformed on the single engine t es t stand prior to cluster ins tallation . In 
addition, engine H-lOlO is a SA-l type engine which is to be de liver ed t o Tes t Lab for 
s ing l e engine R&D testing . The following breakdown briefly outlines t he design f ea ture 
f or t he SA- T Inboard and Outboard engines. 

A. INBOARD 

Engines H- I002 through H- lOOS do not incorporate turbine exhaust asp irator 
and are pr ogrammed for inboard pOSitions on the cluster . For initial testing, t hese 
eng i nes will retain the s traight turbine exhaust duct with no heat exchanger i nstalled . 
Inboard engine exhaus t ducts and heat exchangers will be added later however. Shortened 
outriggers are used on the inboard engines to allow the ins tallation of compar tment 
wa lls . A further reduction in outrigger size is planned to allow more access area to 
t he i nstalled engine . 

B. OUTBOARD 

Engines H- 1006 through H- 1009 wi ll have the exhaust aspirator and func­
tional heat exchangers installed at Rocketdyne prior to engine de livery . (S ee OCR 1fl) . 
These engines will be used for the c luster outboard pOS i tions but will not be gimbaled 
dur ing the initial t es t phase . Hydrau lic systems will be installed l ater and comp l e t e 
Booster gimbal t ests performed. 

2. BLOCK I VEHICLES (SA-l THROUGH SA-3) 

Appr oximately 35 engines will be required for the fir s t three f l ight vehicles . 
These engines will be delivered at a nominal 165,000 pound thrust l eve l which will 
realize a booster thrust of 1,320,000 pounds . These eng i nes are des igned for an 
individual thrust of 188, 000 pounds each but have been downrated to rea l ize greater 
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re liability . About one half of t hes e engines wi ll incor porate a Hodification kit wh i l e 
a t Rocketdyne for Outboard engine application . All engines are des igned with the capa­
b i li ty of conversion t o either ou t board or inboard configura tion i f necessary . The 
following system and componen t breakdown lists t he var i ous f ea tures of t his block of 
engines. 

A. nmUST CHAMBER & RELATED HARDWARE 

(1) A new gimbal assembly is incorporated on t his block of engines which 
is designed for f light loads . This assembly also has l ess mechanica l t olerance s and 
t he addit i onal streng th makes the Block I and subsequent engines one i nch longer t han 
the SA- T engines . In addition a screw type adjustment is incor porated whi ch allows 
one quarter inch gimbal poin t movement in any direction f r om the geometric t hrust 
vector pie=ce point . The gi mbal assembly is capable of 10 degree deflections normal 
t o t he gi mbal block axes and is des igned with upper studs t o allow engine a ssemb ly and 
remova l without disassembly . (See OCR #2). 

(2) The LOX Dome and Inlet Elbow have been integra t ed to e l iminate the 
joint, s ea l and connecting bolts . Serra ted edges a re incorporated t o mate wi th t he new 
gimbal assembly . 

i njec t or 
(3) An improved me t hod 

screen has been requested . 
of positive ly anchoring 
(See OCR # 16) . 

the thrust chambe= fuel 

(4) Lugs are provided on each chamber to accomoda te t he attachment of 
r emovable outriggers . For t he gimbaled Ou t board engines t he outr igger.s will be provided 
by Rocke t dyne as a part o f the Outboard Modificat ion Kit . (See OCR # 19A) . On t he 
I nboard engines it is planned t o install shortened outr iggers at ABMA . 

(5) Lugs will be pr ovided on al l chambers t o allow t he a ttachment of acces­
sor y panels . (See DCR #23) . On t he Outboard engines , one se t of these lugs wil l be 
used t o attach the hydrau l ic package on the side of the chamber t oward t he tur bopump 
accessory pad. The complete hydr aulic system will be i nsta lled at ABMA . On the Inboard 
engines, which do no t r equ ire a hydraulic sys t em, both sets of lugs will be used to 
accomoda te instrumenta tion pane l s which will be i nstalled at ABMA . 

(6) At t ach i ng l ugs wi ll be located on each t hr ust chamber. fo r mounting 
heat exchanger s as required . (S ee DCR #9A). Heat exchanger a ttaching struts wil l be 
ins t alled as a par t of t he Ou t board Modificat i on Ki t . 

(7) A two inch channe l will be located near t he thrust chamber nozzle exi t 
to meet Inboard eng ine flame de flector sealing requirements if necessary . (S ee DCR UlO) . 

B. IGNITION SYSTEM 

(1) The hypergol container ass embly will be designed to pr event inter f er ence 
with the Ou t board suction lines and will receive e i t her a six or nine cubic i nch hyper gol 
cartridge . (See DCR # 15) . This feature wi ll also be incor porated on SA- T engines t o 
preven t i nter ference during gimbaling t ests . 
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(2) Trie t hylaluminum is presently be ing considered as the hypergolic 
f lu id . A backup system capability is being provided to insure satisfactory 
ignition . Pyrotechnic squibs can be installed in t hrus t chamber s if r equired . 

C. TURBOPUMP AND MOUNT 

(1) Lower LOX pump NPSH r equirements are anticipated with impeller and 
inducer redesign . This redesign provides cut back impeller vanes and a thick blade 
medium l ead i nducer . Also a stepped labyrinth wear ring has been incorporated t o 
pr ovide increased radial clearance and r educe interference problems . 

(2) The material of the fuel and LOX volutes and the gear box has been 
changed t o tens-50 T- 6 aluminum, a high strength alloy , to permit reliable operation 
at upr ated leve ls . Also the LOX adapter flange to volute thru bolts are of K Mone l 
t o pr ovide increased s trength . 

(3) Design of the seals at both pump adapter flange to volute areas 
has been changed to reduce l eakage. On the LOX side, an as bes tos r ubber gasket 
replaces t he flexitallic gasket and an "0" ring between the washer and flange replaces 
t he crush gasket at the bolt seal. On t he fuel side, an "0" r ing replaces the large 
flat gaske t and the bolts have been modified to e liminate the washers and r e locates 
t he "0" r ing on the bolt grip . 

(4) Modification of the turbine inc ludes welding the turbine manifold 
t o bea r ing housing jOint which eliminates the skinner sea l , and r edes ign of the upper 
exhaus t duct flange to e l i mi na te the internal back- up ring . 

(5) A new one piece gearbox manifold casting will be incorporated with 
a Marman flange drain line connection . The lubricant dr ain l i ne will be provided by 
Rocketdyne on the Outboard engines . (See DCR D19, sheet 2) . 

(6) A new forward pump mount (forged) will be incorporated to withstand 
fligh t loads. In add i tion the fittings for this mount will i ncorporate a s pecia l 
design t o allow the attac hment of a lifting dev ice. This device will allow ver t ical 
removal and installation a t the Static Test Stand or Launch Site as r equired . 

D. 1URBINE EXHAUST SYSTEM 

(1) The comple t e turbine exhaust system for the Outboard engines will 
be i nstalled by Rocke tdyne including the ABMA furnished heat exchanger . (See DCR # 
19A) . The engines programmed for Inboard pos itions will be de liver ed wi t h no tur bi ne 
exhaust system but will be accept ance tested to a s tandard exhaust system back pressure . 
The eXhaus t system for the Inboard engines will be installed at ABMA during SATURN assembly 

(2) The heat exchanger inle t and ou t l e t flanges incorporate a 24 hole bolt 
pattern on SA-I for t he Outboard engines . To obtain a better sea l, a 36 hole bol t 
patte rn is used s tarting on SA- 2 and subsequent . All Inboard engine exhaust systems 
(SA- I and subsequent)wi ll uti li ze the 36 hole bol t pattern . 
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E. GAS GENERATOR AND CONTROLS SYSTEM 

(1) The turbine spinner initiators will require high voltage (500 volts) 
fo r firing a s a sa fety feature . (See OCR InS). 

(2) It has been r eques ted that a heater be incorporated on the turbine 
s pinner s to insure re liabi lity at low temperatures during s tandby. (S ee OCR #20) . 

(3) Flowmet er provisions have been de l eted from t he bootstrap l ines 
to reduce the number of connec tions. Fl owrates can be determi ned by other means. (See 
DCR 114). 

( 4) A quick disconnect has been incorporated i nto the fue l boots trap 
line to facili ta te dra i ni ng. The connection wi ll also be used for filling t he t hrust 
chamber with fuel if necessary for s tart and for flu s hing and purging the jacket. (S ee 
OCR # 10). 

(5) The uncooled gas generator combustor body will have propellant arrival 
contro lled by a mechan ical ly linked va lve assemb ly rather t han individual cracking 
valves . Deve l opment difficu lties may prec lude a r etrofit of thi s i tem but it is high ly 
des i rable due to sequencing problems inherent to t he present l y des igned valves. 

(6) Individual control l i nes have been r eplaced by an integrated contro l 
line assembly. Thi s welded assembly e linimates thirteen (13) connections a s compared 
t o t he SA-T engi nes . In this new arrangement the main LOX valve opening i s contro lled 
by dynamic rather t han static fuel pressure t o prev ent adverse tempera t ure eff ec t s . An 
in-line quick disconnect connec t s the i ntegrated l ine a ssembly to the Oronite blender 
to faci l ita te l ine drainage . 

F . ELECTRICAL AND INSTRUMENTATION SYSTEM 

( 1) The e l ectrica l har ness, as de l ivered on t he engines , wi ll be l engthened 
t o mee t ABMA installa t 10n r equirements . (See OCR #29) . This harness will probably 
require additional modifica tion when ABMA networ k r equirements are finalized . 

requirements 
DCR II 4 ) • 

(2) All 
with the 

ins trumentation provisions have been incorporated to mee t 
excep tion of the Oronite Blender Pis ton t r ave l i ndicator . 

ABMA 
(See 

(3) Position indicators will be installed on t he main prope llant valves, 
however r etrofit or modification of t he resis tance will be required unti l t he des ired 
2000 ohm res i s tance i s intr oduced . (See OCR # 13A) . 

(4) A "Thrust O. K. " indicator device will be se l ected and insta lled by 
ABMA. Th is indicator wi ll moni t or thrus t chamber fue l injector manifold pressure to 
sense s a tisfactory combustion pr ior to lif to ff and to initia te a individual cutoff 
s ignal i n t he event of a malfunction . 
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G. ENGINE SYSTEM 

(1) A dry start engine starting sequence has been requested from 
Rocke t dyne . 
pre- filling 
In addition 

(See DCR D 7) . Thi s sequence wou ld delete the present requirement for 
the thrust chamber jacke t with fuel thus simplifYlng servlcing procedures . 
more s table transition with a reduction in oscil lations is indicated . 

The automatic pur ge now r equired in conjuction with wet start wil l also be e limi nated . 
The availabili t y and deve lopment status of longer burning duration turbine spinners 
will dictate the f easibility of incorporating this feature . 

(2) A special e ffor t has been made to insure re liable seals and flange 
connec t ions and prevent fluid l eakages . This is espec ially necessary due to the engine 
compartmen t concept. All f lange finishes , gasket and O-R i ngs have been des igned to 
mee t pre liminary ABHA requirements with the exception of the joint between the turbine 
out l et and upper turbine exhaust duct . (Sec DCR # 3) . 

(3) The engine 
requirements (See DCR #18) . 
pr even t poss ible inadvertant 

servicing connect poi nts have been designed to meet ABHA 
Twist type disconnects will be used on the engine to 
disconnection of coup lings . 

(4) Engine alignment procedures will be pe rformed at ABHA where it is 
in tended to pre-align the individual engines by adjusting the geometric thrust vector 
as c lose as possible to the gimba l point . The actuator (Outboard) and dummy strut 
(Inboard) l engths will be predetermined and then used during engine installation to 
meet c luster alignment requirements . 

3. BLOCK II VEHICLES (SA-4 THROUGH SA-6) 

Engine "X" design features and pr oposed changes have been considered by both 
ABHA and Rocketdyne to fUrther improve engine simplici ty and reliability . In genera l, 
t h is engine design shou ld feature more complete inte rchangeabi lity of components and 
Inboard/Outboard configurations . Purge, flush, and overboard drain requirements shou ld 
be minimized and pre~run and post- run operational and faci l ity r equirements should 
incor porate further simplification . Reliabili ty should be the prime goal and the 
reduction of components and connecting joints shou ld be strongly consldered to meet 
this goal . The nominal operating t hrust of t he de livered engines will be 188,000 pounds . 
If for some r eason derated operation is necessary, only orifice changes should be required . 
Proposed system and component changes are listed in t he following outline . 

A. THRUST CHAMBER & RELATED HARDWARE 

(1) A type 191 i nj ector is proposed which wil l feature f lush mounted 
igniter s pray nozzles . The t apped hole in the center of the injector will be retained. 

(2) The thrust chamber tubes may incorporate a "looped" configuration i n 
the be ll nozzle to facilitate exhaus t gas disposal into the thrust chamber exhaust . It 
i s hoped t ha t the high impact velocity of the gases will more e ffici ent ly remove the 
fuel rich t ur bine exhaust gases . More complete engine tnterchangeability wi ll also 
be realized with the standardized exhaust systems . 

B. IGNITION SYSTEM 

(1) Hypergol ignit ion of t he thrust chamber prope llants may possibly be 
de l e t ed if the turbine is driven from tapped off thrust chamber gases. In this 
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arrangement thrus t chamber ignition could be initiated by the turbine s pinner . 

C. '!URBOPUHP AND MOUNT 

(1) A reduction in LOX pump NPSH requirement s is anticipated with the 
incorporation of a tapered LOX i nducer with cut back blades and an increase in the 
LOX inlet di ameter from 7 to 8 inches . An NPSH of 20 ft . at 165 K and 30 ft . at 188 K 
is ind icated. The LOX i mpe ller will be redesigned to provide ten blades. The fuel 
i mpe ller will be redesigned to provi de eight blades . 

(2) LOX and fue l pump adapter flange redesign will i ntegrate the diffuser 
vanes . This r educes fretting and chatter . LOX adapter flange short bolts have been 
increased from 13 to 26 to prevent bolt failures from over loading. 

(3) Changes in t he gearbox wil l provide increased strength and reliability 
at the 188 K thrust l evel. The fac e width of the intermediate and h igh speed gears 
will be increased, and larger roller bearings are planned for the intermediat e shaft . 

(4) Another gearbox change provides an i nterna l lubr ica t ion sys t em, wi th 
passages in the gearbox casting . This both reduces possible l eakage areas and permits 
a cleaner turbopump configuration. The accessory pad wi ll be mount ed directly to the 
gearbox and the overspeed trip pad wL ll be eliminated. The overspeed trip is r ep laced 
by a Simp l er magnetic s peed counter mounted at the turbine . 

(5) Turbine design changes inc lude an increased number of bolts and an 
"0" ring seal at the t urbine to volute mounting flange . This provides increased 
strength and reduces t he possibility of lubricant l eakage . 

(6) The Oronite additive lube system wi ll be de l eted and fue l onl y w1 l1 
be used if tests results verify t he reliability of this arrangement . A gearbox drain 
sump and accessory driven pump cou ld possibly permit recirculation of lubricant back 
into the fuel pump inlet . Draining the lubricant into the turbine exhaust system is 
also being s tudied . The gear case interna l pressure wi ll be increased with t h is change 
which wi ll require a change in sea l design . 

D. GAS GENERATOR AND CONTROLS SYSTEM 

( 1) To reduce components and simplify engine operation it is deemed h ighly 
desirab l e to e limina t e the biwprope llant gas generator by operating the t urbine from 
main t hrust chamber gases . This f eature was original ly planned for the Hw2 Rocket Engine 
which incorporated the Mark XIV Turbopump . Due to t he proven re liability of t he Mark 
I I I Turbopump and the additional design i mprovements that are be ing introduced it has 
been requested that Hwl engine "X" for SAw4 and subsequent incorporate the tap off 
turbine and l ess emphasis be placed on the Mark XIV Turbopump/Hw2 combination . 
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E. ELECTRICAL AND INSTRUMENTATION SYSTEM 

(1) It i s hoped that the e l ec trica l cable arrangements, connectors, 
design , cable lengths and assembly t echniques will be fina l enough t o use the delivered 
electrical systems on the engines . 

(2) Ins trumentation requirements will probably be reduced and taps and 
bosses e liminated accordingly . 

F. ENGINE SYSTEM 

(1) In order to mi nimize re-firing of the eng i nes due to component changes, 
it has been requested that the pressur e drop across critical components be s tandardized . 
(See DCR # 8). As this request has not been me t for SATURN Block I engines, every effor t 
should be made to i ncorporate this feature on Engine !IX" and subs equent. 

(2) To reduce the possibility of hav i ng engine area fires due to propellant 
or hot gas l eaks a complete analysis of all joints, sea l s, flanges, e t c. is be ing made by 
ABMA . As a result of this analysis firm design improvement requests will be forthcoming 
to Rocketdyne. 

(3) A s tudy is being made to protect sensi tive engine components from detri­
menta l temperature effec t s by using individual component i nsulat ion. In addition, form 
fitted enc losures ex t ending from the thrust chamber throat to the gimbal firewall are 
being considered for rad i at i on protec t ion with an i ntegra l fi re f ight i ng system. 

(4) The presently designed hydraulic system will remain basically the same. 
De l ivery by Rocketdyne is still being considered but looks unlike ly. 

(5) In conclusion, it is fe lt that Engine "X" for SA-4 and subsequent should 
i ncorpor a te the desirable features of the H-Z engi ne but retain the improved Mark III 
Turbopump design. This design should general l y be the final package for use on subsequent 
SATURN Vehicles until such a time as conSiderably l arger thrus t s are required. 

(6) If additional information is desired, contact D. L . Christensen, Ext. 
6902. 

(Distribution on next page) H. G. PAUL 
Chief, Propu lsion & Mechanics Branch 
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