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This revised edition of the Launch Vehicle Engines Pro jec t  
Development Plan supersedes the issue dated July 1, 1965. 

Significant changes which have been made a r e :  
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unclassified document 

o Removal of mater ia l  applicable to  the RL-10 Engine 
Pro jec t  which was t r ans fe r red  to  the Lewis Research 
Center effective May 1, 1966 

o Elimination of detailed schedules which quickly become 
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o Punched for  maintenance in loose-leaf 3-ring binders 
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The information in this document i s  cur rent  t o  January 1, 1967. 

The Launch Vehicle Engines Project  Development Plan i s  
established in accordance with requirements  of NASA General 
Management Instruction 4- 1- 1, Planning and Implementation of 
NASA Projec ts ,  and OMSF Instruction M P  9320.044, Preparat ion 
and Revision of ~ r o ~ r a m / P r o j e c t  Development Plans (PDP's ) .  The 
Plan, here in  r e fe r red  to  a s  the PDP, has  been developed within the 
scope of cur rent  Apollo Pro jec ts  Approval Documents (PADS) and 
will be maintained by the Engine P r o g r a m  Manager t o  identify p rogram 
requirements ,  responsibil i t ies,  tasks,  and resources ,  and t ime phasing 
of major  actions required to  accomplish the Engine Program.  This 
P D P  i s  the official engine summary document to  be used: 

1. To delineate the manner in which the objectives of the 
Engine P r o g r a m  a s  established by NASA shal l  be 
achieved; 

2 .  As the pr imary  decision/approval document of the 
Engine P r o g r a m  Office; 



3.  As the bas ic  guidance/direct ive  ins t rument  t o  par t i c i -  
pating organizations for  implementation of approved 
engine p r o g r a m  changes. 

P r o g r a m  planning and implementation by organizations 
part icipating in t h e  Engine P r o g r a m  will  be responsive t o  and 
consis tent  with th i s  PDP.  

This  P D P  i s  not intended t o  provide an  exhaustive t r ea tmen t  
of each p r o g r a m  element.  The approach i s  t o  make r e f e r ence  t o  
appropr ia te  supporting documents where  g r e a t e r  deta i l  may  be found. 
Also, i n  o rde r  t o  avoid unnecessary  frequent updating of th is  PDP,  
re l iance  by r e f e r ence  has  been placed on the cu r r en t  approved 
edition of bas ic  and authoritat ive NASA, OMSF, Apollo P r o g r a m ,  
and MSFC documents. P r i m e  examples  of these  a r e :  

1. The NASA Management Instruction for  agency-wide 
policies,  regulations,  and procedures ;  

2.  The MSF P r o g r a m  Operating P lan  ( P O P )  fo r  budgetary 
and funding data; 

3.  The Schedule and Review P rocedure  (SARP) Char t s  f o r  
P r o g r a m  Schedules and Asses smen t s ;  

4. The Apollo Flight Mission Assignments  Documents fo r  
individual miss ion  objectives and configurations;  

5. The MSFC Administrat ive Regulations and P rocedure s .  

UPDATING 

Revisions t o  th is  P D P  will  be published semiannually ( a s  of 
J anua ry  1 and July 1) in the  f o r m  of replacement  shee t s .  





PART I 
PROJECT SUMMARY 

A. INTRODUCTION 

1. In 1958 Congress created .the National Aeronautics 
and Space Administration to  direct those aeronautical and space 
activit ies sponsored by the United States which a r e  devoted t o  peace- 
ful purposes for  the benefit of mankind. Congress stated that aero-  
nautical and space activit ies shall  be conducted s o  a s  to  contribute 
to  one or  more  of the following objectives: 

a. The development of aeronautical and space 
vehicles, 

b. The scientific investigation of space environment, 

c. The mannedexploration of space a n d t h e  solar  
system, 

d. The application of space science and technology 
for  peaceful uses ,  

e. The application of space science and technology 
in support of the National Defense. 

2. To achieve these objectives, the United States has  
undertaken a step-by- s tep program to  develop a broad capability for  
the manned exploration of space that will achieve and maintain United 
States space leadership. This step-by-step p rogram includes four 
manned space flight programs:  

a. The Mercury P r o g r a m  - which has adequately 
established man 's  ability to  per form effectively in the environment 
of orbi ta l  flight and has developed the foundation of a manned space 
flight technology. 

b. The Gemini P r o g r a m  - which provided opportunity 
to  gain operational proficiency through sustained space flights. and 
which led to  the development of new techniques, including space 
walking and rendezvous. 



c. The Apollo P r o g r a m  - with the objective t o  achieve 
United States preeminence in space and to  develop the ability t o  explore 
the moon and re tu rn  safely t o  ear th  before the end of this decade. 

d. The Apollo Applications P r o g r a m  - which has  two 
bas ic  objectives: To make unique contributions to  pract ical  applica- 
tions, operational capabilities, science and technology; and a t  the 
same  time, t o  place the nation in a position t o  a s s e s s ,  on the basis  
of valid scientific experimentation and actual experience, the value 
and feasibility of future space flight and the interrelated ro les  of 
manned and unmanned systems.  

3. The Apollo P r o g r a m  began in September 1959 with 
the Booster Evaluation Committee of the Office of the Secre tary  of 
Defense. Following a s e r i e s  of presentations on Saturn, Nova, and 
Titan C launch vehicles, the Booster Evaluation Committee chose the 
Saturn system, then being developed by the Army Ballist ic Missile 
Agency under ARPA Order  14-59, a s  the launch vehicle family that 
would most  feasibly promote NASA objectives of space exploration. 

a. Based on recommendations of the Booster Vehicle 
Evaluation Committee, the NASA Administrator,  on December 3 1, 1959, 
establ ished 'a  ten-vehicle Saturn I R & D  program. 

b. On July 1, 1960, the Saturn P r o g r a m  was formally 
t r ans fe r red  to  the George C. Marshal l  Space Flight Center (MSFC). 

c. In January 1962, NASA authorized MSFC to  design 
and develop a large,  three-s tage  launch vehicle, Saturn V, to  launch 
the three-man Apollo spacecraft ,  under development by MSC Field 
Center,  on circumlunar  flights and manned lunar landing missions.  

d. On July 11, 1962, NASA announced that an 
advanced Saturn I vehicle, the Saturn IB, would be developed for 
manned ear th-  orbi ta l  m i s  sions with full- scale  Apollo spacecraft .  
This member  of the Saturn family combines the third stage and 
instrument  unit of the Saturn V with an  improved version of the f i r s t  
stage of the Saturn I. 



4. The Apollo Applications P r o g r a m  (AAP) i s  planned t o  
make  use  of Apollo space vehicles and hardware  and the  complexes 
that  support  them.  

a .  The ini t ia l  flight miss ions  of the AAP p r o g r a m  
will  uti l ize those  Saturn IB and Saturn V launch vehicles,  including 
the  engines f o r  these  vehicles,  p rocured  within the  Apollo p r o g r a m  
that  a r e  not needed t o  accomplish the  Apollo manned lunar  landing 
miss ion.  

b. F.ollow-on production of Saturn IB and Saturn V 
launch vehicles fo r  AAP including the  engines fo r  t he se  vehicles i s  
planned a t  the  r a t e  of four launches each per  yea r  and will  proceed 
in  a manner  that  will  avoid any hiatus in  the  continued development 
of United States  manned flight capability. 

c. AAP miss ions  planned include a 10,000-cubic- 
foot workship in orbit ,  a manned as t ronomica l  and so la r  te lescope,  
long duration manned orb i ta l  f l ights allowing fo r  physiological and 
biological experimentation,  manned meteorological  and ea r th  r e s o u r c e  
investigations, and extended lunar exploration and analysis .  

5. The Engine P r o g r a m  Office, under the  direct ion of 
the  Director  of Industr ia l  Operations,  MSFC, and under the cognizance 
of the  Apollo P r o g r a m  Director ,  i s  responsible  fo r  the  r e sea rch ,  
development, manufacture,  t e s t  and production support  of the  fami ly  
of Launch Vehicle Engines chosen f o r  the  Apollo P r o g r a m  and the AAP 
Prog ram.  The Engine P r o g r a m  Manager d i r ec t s  four engine projects ,  
each headed by a project  manager ,  a s  follows: 

a. F- 1 Engine Pro jec t  

b. H- 1 Engine Pro jec t  

c. J - 2  Engine Pro jec t  

d. Space Engines Pro jec t  



B. MISSION OBJECTIVES 

P r i m a r y  miss ion  objectives of the  engine pro jec t s  a r e  
a s  follows: 

1. F- 1 Engine. The p r i m a r y  miss ion  of the  F- 1 Engine 
P ro j ec t  i s  the  continued development of a re l iable  liquid oxygen/RP- 1 
engine capable of producing 1,522, 000 pounds of t h rus t  f o r  the  S-IC 
s tage of t he  Saturn V unmanned and manned vehicles under the  Apollo 
and the  Apollo Applications P rog rams .  F igu re  1- 1 i l lus t ra tes  th i s  
application. 

2. H- 1 Engine. The p r i m a r y  miss ion  of the  H- 1 Engine 
P ro j ec t  i s  t o  continue development of a re l iable  engine s y s t e m  a s  the  
bas ic  propulsion unit f o r  the  S-IB stage of the  Saturn IB vehicles under 
the  Apollo and the  Apollo Applications P r o g r a m s .  See f igure  1-2 
fo r  t h i s  application. 

3. J -2  Engine. The p r i m a r y  miss ion  objective of the  
J -2  Engine P ro j ec t  i s  t o  continue the  development and production of 
a re l iab le  liquid oxygen/liquid hydrogen engine s y s t e m  capable of 
high-altitude r e s t a r t ,  f o r  u se  on both the  Saturn IB and Saturn V 
vehicles  under the  Apollo and the  Apollo Applications P r o g r a m s .  
The S-IVB s t age  of the Sa turn  IB vehicle and the  S-IVB stage of 
the  Sa turn  V vehicle will  each be equipped with a single J - 2  engine. 
The S-I1 s tage of the  Saturn V will use  a c lus te r  of five 5-2 engines. 
F i g u r e  1- 3 i l lus t ra tes  t he se  applications. 

4. Space Engines 

a.  S-IVB Ullage Engine. The p r i m a r y  miss ion  of 
the  S-IVB Ullage Engine Pro jec t  i s  tn i n su re  the operational capa- 
bil i t ie s of t he  s tandard Gemini spacecraf t  o r b d d i  dttltude and maneuver  
s y s t e m  (OAMS) engine when exposed t o  conditions that  a r e  unique t o  the  
Saturn V/S-IVB stage auxi l iary  system.  

b. C- 1 Engine. The miss ion  objective of the  C -  1 
Engine P ro j ec t  i s  t o  provide an  80 t o  100-pound th rus t  engine capable 
of meeting the  collective requi rements  of the  following applications:  



Figu re  1 - 1. F- 1 Engine Application 



Figu re  1-2.  H- 1 Engine Application 



Figu re  1 - 3. J -  2 Engine Application 
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o Re -  en t ry  Control  for the  Apollo Command Module 

o Ullage sett l ing fo r  t he  Saturn V/S-IVB s tage 

o React ion con t ro l  fo r  the  Saturn IB and V/S-IVB s tage 

o React ion con t ro l  fo r  the  Apollo Serv ice  Module 

o Reaction control  f o r  the  Apollo Lunar  Excurs ion  Module 

o Extended mi s s ion  r equ i r emen t s  of Reaction Control  Sys tems  
on AAP and post  AAP fl ights.  

C. COST AND MANPOWER 

Cost  and manpower r equ i r emen t s  a r e  covered  i n  
P a r t  IX, Resou rce  Requirements .  

D. TIME REQUIREMENTS 

1. F- 1 Engine. The F- 1 Engine P ro j ec t  was  begun in  
January  1959. and completed engine qualification in December  1966. 
Major  mi les tones  a r e  given i n  the  Monthly Schedule and Review 
P r o c e d u r e  (SARP) Report  f r o m  MSFC t o  MSF ( s e e  P a r t  VIII, Schedules) ,  
and specif ic  t i m e  r equ i r emen t s  regarding contracts ,  engine and 
component development,  and tes t ing a r e  indicated throughout tha t  
r epo r t .  

2. H- l Engine. The H- 1 Er.gine P ro j ec t  was  init iated 
September  1958, and the  f i r s t  manned flight i s  cu r r en t l y  scheduled 
fo r  t he  first p a r t  of 1967. The  ma jo r  mi les tones  a r e  shown in  t he  
Monthly Schedule and Review P rocedu re  (SARP) Report  f r o m  MSFC 
t o  MSF ( s e e  P a r t  VII, Schedules) ,  and specific t i m e  r equ i r emen t s  
regard ing  con t rac t s ,  engine and component development, and tes t ing  
a r e  indicated throughout that  repor t .  

3. J - 2  Engine. The J - 2  Engine P ro j ec t  was  begun in 
Sep tember  1960, and t he  f i r s t  manned flight i s  scheduled in  1967. 
Major  p ro jec t  mibestones a r e  a l s o  given in the  Monthly Schedule and 
Review P r o c e d u r e  .(SARP) Report  f r o m  MSFC t o  MSF ( s e e  P a r t  VIII, 
Schedules) ,  and specific t ime  r equ i r emen t s  regard ing  con t rac t s ,  
engine component development, and tes t ing a r e  indicated throughout 
that  r epo r t .  



4. Space Engines 

a. S- IVB Ullage Engine. The Gemini engine adapta- 
tion t o  the S-IVB stage requirements  was initiated March 30, 1964. 
under the direction of the S-IVB Stage Office. On September 5, 1964, 
this effort was t r ans fe r red  to  the Space Engine Office and engine 
qualification was completed in August 1965. The initial buy of S-IVB 
engines for  Saturn V vehicles 50 1 through 506 was completed 
December 20, 1965. Procurement  of engines for  vehicles 507 through 
515 will be initiated in the f i r s t  quarter  of 1967 with delivery to  s t a r t  
in the fourth quar te r  of 1967 and completed approximately one year  
la ter .  

b. C- 1 Engine. This program was initiated on 
August 8, 19 64. A six-month competitive Definition and Demonstra- 
tion phase was conducted f r o m  March 1965 to September 1965. The 
Development phase was s tar ted in October 1965 and Engine Quali- 
fication i s  scheduled for July 1967. 



J-2 ENGINE DELIVERED NOVEMBER 4 FOR SA-201 W A S  COLD-FLOW ONLY 

- 

Figure  2 -1 .  Launch Vehic le  E n g i n e s  Major Milestone 
Summarv 



PART III 
JUSTIBICATIOINI, HISTORY AWQ RELATED WORK 

JUSTIFICATION 

1. F- 1 Engine. The S-IC stage of the  Saturn V Pro jec t  
r e q u i r e s  a high-reliabil i ty booster  rocket  engine in the  1, 522, 000- 
pound th rus t  range.  The F - 1  engine i s  designed t o  meet  the  r equ i r e -  
ment  and will  be used in  a c lus te r  of f ive on the  S-IC s tage t o  obtain 
a min imum th rus t  of 7, 610, 000 pounds. 

2. H- 1 Engine. The Saturn I/IB P ro j ec t  ha s  requi red  
high-rel iabi l i ty  rocket  engines i n  the  165, 000, 188, 000, 200, 000 and 
205, 000-pound th rus t  range . for  booster  application'. The engine 
has  been uprated f r o m  the 165,000 t o  the  205,000-pound th rus t  vers ion  
t o  m e e t  a l l  requ i rements  of these  vehicles. Saturn I used  both the  
165, 000 and the  188, 000-pound th rus t  engine in  c lu s t e r s  of eight 
engines. Sa turn  IB used the  200, 000-pound th rus t  vers ion,  a l s o  in  
c l u s t e r s  of eight engines, in  vehicles SA-20 1 through SA-205. 
Vehicle SA-206 and subsequent will  use  the  improved-per formance  
H- 1 engine with 205, 000-pounds of th rus t .  

3. J - 2  Engine. High-reliability rocket  engines, in the  
200, 000-pound th rus t  range capable of s tar t ing,  operating, stopping, 
and r e s t a r t i ng  a t  al t i tudes in excess  of 60, 000 feet ,  a r e  requi red  for  
the  Saturn IB and V Pro jec t s .  The J -2  engine i s  designed t o  meet  all 
vehicle r equ i r emen t s  with presen t  plans fo r  qualification of a 205, 0001 
230,000-pound th rus t  improved-performance engine i n  Apr i l  1967. 
It i s  planned t o  u se  the improved-performance engine on Saturn IB 
vehicle SA-208 and subsequent, and Saturn V vehicle SA-504 and 
subsequent. 

A c lus te r  of five J -2  engines will  be used  on the  S-I1 
s tage of Saturn V vehicles,  and a single engine will  be  used on the  
S-IVB stage of Saturn IB and Saturn V vehicles.  

4. Space Engines 

a.  S- IVB Ullage Engine. High- rel iabil i ty rocket  
englnes i n  the  100-pound th rus t  range a r e  requi red  fo r  the  Sa turn  V 
Pro jec t .  These  engines will  be used in accomplishing propellant  
se t t lement  (ullage) p r io r  t o  5-2 engine r e s t a r t .  The S-IVB ullage 
engine i s  designed t o  mee t  these  requi rements .  
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Figu re  2 - 2 .  F- 1 Engine Development 



b. C- 1 Engine. The  Apollo P r o g r a m  neces s i t a t e s  
h igh-re l iabi l i ty  rocke t  engines in  the  80 t o  100 pound t h r u s t  r ange .  
The  C- 1 engine h a s  potential  u se  i n  applicat ions s ta ted  under  P a r t  I 
Sect ion B, MisBion Objectives.  

B. HISTORY AND RELATED WORK 

1. F- 1 Engine 

a. General .  Initially, t he  F- 1 engine was  a mi l i t a ry  
p ro jec t .  E a r l i e s t  s tud ies  da te  t o  1955, when the  U. S. A i r  F o r c e  
a sked  indus t ry  f o r  a n  engine capable  of developing 1,000,  000 pounds 
o r  m o r e  of t h ru s t .  These  s tudies  included compar i sons  between s ingle  
and c lu s t e r ed  engines in  t e r m s  of availabil i ty and re l iabi l i ty ,  and  
deta i led  ana ly se s  of engine s y s t e m s  up t o  t h ru s t  l eve l s  of 1, 000, 000 
pounds. Studies culminated in March  1959, with a s e r i e s  of f e a s i -  
b i l i ty  f i r ings .  T h e s e  f i r ings  demons t ra ted  marg ina l  s tabi l i ty  at 
the  1, 000,000 pound t h ru s t  l eve l  f o r  200 mil l i seconds ,  us ing a 
sol id  wall ,  bo i l e r  plate t h ru s t  chamber  and in jector .  Th i s  s e r i e s  
of t e s t s  was  made  with a NASA funding a s s i s t a n c e  of approximately  
$426,000. 

(1)  Responsibil i ty f o r  development  of the  high- thrus t  
engine was  given t o  NASA i n  1958. When all s tud ies  concluded tha t  
a n  engine t he  s i z e  of t he  F- 1 was  feas ib le ,  a con t rac t  w a s  awarded  
in  J anua ry  1959, t o  Rocketdyne, a Division of North A m e r i c a n  Aviation, 
Inc., f o r  the  engine development.  Since vehicle applicat ion w a s  not 
evident  at t he  t ime ,  the  engine development had t o  be  pursued  ini t ial ly 
without t he  advantages  of a known use .  Th i s  necess i t a ted  r edes ign  
in  s e v e r a l  a r e a s  l a t e r  because  of vehicle in terface .  

( 2 )  The  F- 1 engine hae a n  i m p r e s s i v e  list of 
accompl i shments .  A y e a r  a f t e r  the  R&D cont rac t  was  signed,  ful l-  
s ca l e  component tes t ing was  in p roce s s ,  and i n  27  months  comple te  
engine s y s t e m s  tes t ing had begun. Since then, fu l l - th rus t  and  full-  
dura t ion  t e s t s  have become rout ine .  The  engine ha s  been  gimbaled 
during s ingle  engine and c lu s t e r ed  engine t e s t  f i r ings ,  and flight 
r a t ing  t e s t s  ( F R T )  w e r e  completed in December  1964. 



b. Developmental history. Development of the F- 1 
engine was planned to keep within the bounds of the established s tate-  
of-the-art ,  and was not t o  be concerned with any substantial techno- 
logical innovations other than a very considerable scale-up. This did 
not mean that the development would be problem f ree ,  since an 
enlargement of this magnitude i s  in itself an innovation. The objective 
was t o  l imit  the project t o  the bounds of past experience with liquid 
rocket engines, With the increasing pace of technology, it might be 
expected that a reliable engine could be developed in a relatively 
shor t  period of t ime. However, the following fac tors  entered into 
the development of the F- 1 engine: 

(1) Testing of the F- 1 engine required the use  
of l a rge  t e s t  facil i t ies.  This required design and construction of the 
la rges t  engine t e s t  facil i t ies in the United States, and major  develop- 
ment of t e s t  equipment compatible with t e s t  facility size. 

( 2 )  Thrus t  chamber s ize required new manufac- 
turing techniques for  the tube brazing process .  

( 3 )  Engine simplification required the use  of 
high-pressure fue l  t o  operate the control system. This eliminated 
the need f o r  a separate  hydraulic system. 

(4) Large fuel consumption of the engine and 
high hardware  unit cos ts  required optimum utilization of the t e s t  
data obtained f r o m  a l l  t e s t s  conducted. 

(5)  Manned vehicle application fo r  the engine 
resul ted in additional requirements  of quality control and reliabili ty 
beyond those normally imposed on engines for  unmanned vehicles. 

The F- 1 Engine Project  was initiated on an  optimistic schedule and 
with l imited funds. However, development milestones have been 
generally on schedule. 

c. Production history. The f i r s t  F- 1 production- 
type engine was delivered t o  the George C. Marshal l  Space Flight 
Center in October 1963. Engine deliveries a r e  scheduled. t o  satisfy 
Saturn V requirements." Current  delivery schedules a r e  shown in 
the Monthly Schedule and Review Procedure (SARP) Reports ( see  
Part VIII. Schedules). 



d. Management history. The project was initiated 
under Air Force  management, but in 1958 was t r ans fe r red  to  NASA. 
In November 1960, MSFC was given the responsibility for  project 
management. 

Currently, t he re  i s  only one application for  the 
developed engine, the Saturn V Program. Because stage and engine 
project management a r e  located a t  the same NASA center,  operations 
of this  project have proceeded smoothly, and with the same manage- 
ment following the project through to  i t s  presently developed state. 

e. Technical history. Significant accomplishments 
in the technical history of this engine a r e :  

o Accumulated approximately 160, 000 seconds of hot firing 
t ime  during a total  of 2,045 t e s t s  a s  of December 31, 1966. 

o Proved and used solid-wall combustion gas generator.  

o Tested engine gimbaling in single and clustered engine 
firings.  

o Proved through testing gas-cooled thrust  chamber extension 
design. 

o Completed flight rating tes t s .  

o Completed flight rating t e s t s  combustion stability demon- 
stration. 

o Released basic  qualification I1 design. 

o Completed Qualification I1 testing. 

2. H- 1 Engine 

a. General. The H- 1 engine sys t em evolved f r o m  
five different engine- sys tem designs (the Thor, Jupiter,  X- 1, S-4 and 
the MA- 3)  and was specifically designed so  that it could be clustered 
t o  obtain the desired vehicle thrust  level. The basic engine design 
consisted of four fixed inboard engines and four outboard engines, with 
gimbaling capabilities for  vehicle attitude control. The f i r s t  engine 
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was designed to operate a t  a thrust  of 165,000 pounds, and was 
used in c lus te rs  of eight on the ear ly Saturn I vehicles to  provide a 
minimum liftoff thrust  of 1, 320, 000 pounds. Later  engines, capable 
of 188,000-pounds thrust ,  provided the Saturn I vehicle with a total  
liftoff capability of 1, 504, 000 pounds. The f i r  s t  five Saturn IB 
vehicles will use  an  uprated engine designed to  operate a t  a thrust  
level of 200,000 pounds; vehicle SA-206 and subsequent will use an 
improved 205,000-pound thrust  engine. A summary  of major  
milestones in the development of the engine i s  shown in figux e 2 - 3 .  

b. Developmental history. In December 1958, the 
f i r s t  engine t e s t  was conducted utilizing an engine -configuration which 
incorporated the most advantageous design features .  

In addition to.  progressively increasing engine 
thrust ,  the following improvements have been made on the H- 1 
engine : 

o S ta r t andshu tdownsequences  simplified, r e s u l t i n g i n t h e  
elimination of numerous subcontrols and electr ical  sensing 
devices. 

o A solid-propellant gas generator s t a r t e r  incorporated 
replacing the two ground- s ta r t  tanks used with the Jupiter 
engine. 

o The R P -  1 fuel (plus additives) adopted a s  coolant and 
lubricant. The Jupiter engine used oil f r o m  a 20- gallon 
tank t o  cool and lubricate turbopump gears  and bearings. 

c. Production history. The original production 
contract was awarded in September 1958, under an Army Ballist ic 
Missile Agency (ABMA) ORD 1387 Contract., and continued on 
Contracts NAS7-3, NAS7-4, NAS7- 162, and P a r t  I1 NAS7- 190. 
Current  delivery schedules a r e  shown in-the Monthly Schedule and 
Review Procedure  (SARP) Report f r o m  MSFC to  MSF ( see  Part VIII, 
Schedules). 
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a. General .  P r i o r  t o  October 1958, r e s e a r c h  by 
NASA-Lewis Resea rch  Center verif ied the  feasibil i ty of using liquid 
hydrogen a s  a high-energy rocket  engine fuel. 

Studies initiated because of i nc rea sed  engine 
per formance  requi rements  of advanced space vehicles indicated the  
need fo r  a n  engine using liquid hydrogen and liquid oxygen, capable 
of obtaining 200, 000 pounds of th rus t .  Consequently, a forrnal  
development p r o g r a m  f o r  the  J- 2 engine was init iated with the  
i s suance  of contract  NAS8- 19 t o  Rocketdyne Division, North Amer i can  
Aviation, Inc., on September 1, 1960. 

b. Development history.  Per t inent  development 
miles tones  for  the  5-2 engine a r e  depicted in  f igure  2-4. 

c. Production history.  The J -2  engine production 
p r o g r a m  was  init iated and governed by le t t e r  contract  NAS8-5603 
unti l  definization of the  contract  on June 24, 1964. Cur ren t  del ivery 
schedules f o r  engines under contract  KAS8-5603 a r e  shown in  the  
Monthly Schedule and Review P rocedure  (SARP) Repor t s  f r o m  MSFC 
t o  MSF ( s e e  P a r t  VIII, Schedules). 

d. Contractual  history.  Re s e a r c h  and development / 
production support  contract  NAS8- 19, and production contract  NAS8- 5603, 
consti tute the  authorization for  the  J - 2  program.  These  cont rac t s  w e r e  
combined under contract  NAS8- 19 in July  1966. 

4. Space Engines 

a. S-IVB Ullage Engines 

(1) General .  During ea r ly  phases  of the  develop- 
ment  of the  S-IVB/Saturn V Auxiliary Propuls ion Sys tem (APS), 
instabil i ty p rob lems  w e r e  encountered i n  the  s to rab le  propellant .  1,750- 
pound th rus t  engine under development fo r  separa t ion  and ullage 
applications. Subsequent review and p r o g r a m  a s s e s s m e n t  of the  APS 
development problems during a meeting a t  NASA Headquar te rs  on 
March  18, 1964, resu l ted  in  a decision t o  redes ign  the  S-IVB/Saturn V 
Auxiliary Propuls ion System. On March  30, 1964, di rect ion (NASA 
Headquar te rs  TWX M-C MA 3233) was rece ived  by MSFC t o  make  the  
following contractual  and design changes i n  the  S- IVB /Saturn V 
Auxiliary Propuls ion Sys tem development: 



o Redesign the S-IVB APS for  Saturn V to  incorporate continuous 
hydrogen venting to  maintain ullage control during vehicle 
coast. Provide initial settling of propellants and NPSH for  
recirculat ion pump during J -2  engine cooldown by two (one per 
module) standard Gemini OAMS engines with a nominal thrus t  
of 100 pounds each. These to  be run a t  lower-than-standard 
propellant tank p res su re  and produce approximately 70 pounds 
th rus t  each. 

o P rocure  the standard Gemini engines through Manned Space- 
c raf t  Center and conduct a l l  necessary  modification and t e s t  
programs.  

o Provide S-IVB/Saturn V separation thrust  with two existing 
solid propellant engines of 3, 380 pounds thrust  each instead 
of the planned 1, 750-pound thrus t  storable liquid propellant 
engine. The la t ter  development t o  be canceled. 

(2) Developmental history.  The Gemini 100-pound 
th rus t  engine was developed and qualified for  use in the orbi ta l  attitude 
and maneuvering sys tem (OAMS) of the Gemini spacecraft .  Rocketdyne 
Division, North American Aviation, Inc., designed and developed the 
engine under subcontract f r o m  McDonnell Aircraf t  Corporation, the 
Gemini spacecraft  pr ime contractor.  Six 100-pound thrus t  engines a r e  
used on the Gemini spacecraft  orbi ta l  attitude and maneuvering system. 

( 3 )  Production history.  The f i r s t  S-IVB ullage 
production- type engines were  delivered for MSFC qualification 
p rogram in February  1965. The last  of the f i r s t  buy of 29 engines 
was delivered December 20, 1965. This quantity of engines satisfied 
needs for  MSFC component qualification, Douglas Aircraf t  Company 
sys t em testing qualification, and the Saturn V requirement through 
vehicle SA- 506. Procurement  of engines for  vehicles 507 through 5 15 
will be initiated in the f i r s t  quar te r  of 1967. 

(4) Management hi story. The development and 
qualification of the Gemini 100-pound thrus t  OAMS engine was 
managed by NASA Manned Spacecraft Center. The present  require-  
ment for  engines on the Gemini P r o g r a m  was completed in September 
1965. 



(5) Contractual  h is tory .  The  f i r s t  buy of S-IVB 
ul lage  engines was  by sub-al lo tment  t o  NASA Manned Spacecraf t  Cen te r  
through the  McDonnell Company f r o m  Rocketdyne Division, North Amer i can  
Aviation, Inc. , by amendment  t o  exist ing MSC Gemini  NAS9- 170 contract .  
F u t u r e  buys a r e  p lanned f r o m  Rocketdyne di rect .  

b. C- 1 Engine 

( 1) General .  P r o j e c t  approva l  ini t iat ing the  
C- 1 Engine P r o j e c t  was  r e l e a s e d  August 8, 1964. Th i s  project: 
cons i s t s  of t h r e e  phases :  P h a s e  I - Definition, P h a s e  11- Develop- 
ment ,  and P h a s e  I11 - Production.  

P h a s e  I was  ini t iated on March  5, 1965, 
with two con t rac to rs ,  TRW Sys tems  Group and React ion Motors  
Division of the  Thiokol Chemica l  Corporation.  Th i s  phase  was  
completed in Sep tember  1965 and led  t o  the  se lect ion of React ion 
Motor s Division, Thiokol, a s  the  P h a s e  I1 Development con t rac to r .  

(2)  Development hi  s tory .  P h a s e  I1 development 
w a s  in i t ia ted  with Reaction Motors  Division of Thiokol Chemica l  
Corpora t ion  on October 18, 1965. The  development p r o g r a m  e s t ab -  
l i shed  is t o  r e q u i r e  21 months through qualif icat ion and i s  des igned 
t o  keep  within the  bounds of t h e  es tabl ished s ta te -o f - the -a r t .  
The  development p r o g r a m  is 'planned t o  d r aw  heavily on the  P h a s e  I 
definition effor t  plus exper ience  gained on other  engine p r o g r a m s  with 
the  s a m e  t h r u s t  and functional  r equ i r emen t s ,  such  as the  Rocketdyne 
Gemini  and Command Module engines,  the  Marquard t  Serv ice  and 
Lunar  Excu r s ion  Module engines,  and the  RMD Surveyor  engine. 

( 3 )  Product ion his tory .  At p resen t ,  no production 
i s  au thor ized  on the  C-  1 engine. 

(4)  Management h i s to ry .  T h e  p ro jec t  i s  and h a s  
been  under  MSF C pro jec t  management  s ince  inception. Close  
coordination i s  mainta ined with MSC s ince  t h r e e  of the  four  poss ible  
applicat ions (CM, SM, and LEM) a r e  managed by  MSG. 

(5 )  Contractual  h is tory .  The  C- 1 engine 
con t rac tua l  h i s t o ry  is as follows: 
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(a )  Phase I (Definition) - Phase  I was 
conducted in a competitive atmosphere under fixed pr ice  contracts 
NAS8- 140 19 valued a t  $1, 1 14, 132 and NAS8- 14022 valued a t  
$8 18,078 between T R W  and RMD, respectively.  

(b) Phase I1 (Developmental) - Phase I1 is  
being conducted under CPIF contract NAS8- 15486 with RMD. T a r g e t  
value of this  contract i s  $16, 146,000. No modification has been 
made to  this contract which affects the target  value. 
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PART Ill 
TECHNICAL PLAN 

A. F- 1 ENGINE 

1. D e s c r i ~ t i o n  

a. Development plan. The F- 1 engine development 
plan p r e s c r i b e s  a p r o g r a m  f o r  continued development and qualification 
through the  f i r s t  half of F Y  1967 with production support  cont inl~ing 
f r o m  the  qualification of the  engine s y s t e m  t o  the  second qua r t e r  of 
1970. The p r i m a r y  e lements  of the  development plan through engine 
qualification I1 was  bas ic  development, extended operat ing l imi t s ,  
combust ion stabil i ty,  pe r formance  improvement  and demonstra t ion,  
tu rb ine  and pump re l iabi l i ty  and efficiency, and flight ins t rumentat ion.  
Product ion con t rac t  NAS8-5604 provides fo r  t he  p rocurement  of 76 
engine s y s t e m s  and assoc ia ted  hardware .  

(1)  Bas ic  development. Component and engine 
development effort  was  d i rec ted  toward t he  completiorl of component 
and  engine qualif ication in  December  1966, and toward  t he  com-  
pletion of t he  susta ined re l iabi l i ty  demonstra t ion s e r i e s  which 
es tab l i shed  t he  qualification engine configuration a t  99% rel iabi l i ty  a t  
75% confidence. Planned development effor t  was  concentra ted in  the  
following a r e a s :  

o Turbopump 

o Controls  

o Interconnect  components 

o E l e c t r i c a l  s y s t e m  

o GG Ignition Sys tem 

o Injector 

Combustion Stability 

o Th rus t  chamber  

Th rus t  chamber  extension 

Tube b r a z e  improvement  

o Gas  genera tor  (GG) 

o T h e r m a l  insulation 

o Acces so r i e s  

o Extended operat ing l imi t s  

Pe r fo rmance  



(2) Development plan milestones for  the engine 
sys t em a r e  presented inthe Monthly Schedule and Review Procedure 
(SARP) Reports ( see  P a r t  VIII, Schedules). 

b. Production support plan. Contract NAS8- 187 34 
provides for  the delivery of 30 additional engine sys tems and 
associated hardware and for  production support t o  a l l  delivered engine 
systems.  The production support effort will make available the 
capability t o  provide solutions to  F- 1 engine problems s o  that the 
impact  of any such problems on the Apollo P r o g r a m  will be minimized. 
At the same  t ime  it will provide for  vehicle and stage related support, 
for  a continued as sessmen t  and demonstration of engine system 
reliabili ty and flight worthiness, and for the accomplishment of select  
improvement t a sks  which will insure the maintenance of a high level 
of proficiency in the production support t e a m  by fully utilizing i t s  
capabilities during those periods when such capabilities will not 
otherwise be fully utilized. Reduction in potential fa i lure  modes, 
increased  utility, cost reduction, and increased engine flexibility 
and simplification will be pursued when the full effort of the program 
i s  not needed to  solve flight re lated problems. Planned production 
support effort will  be concentrated in  the following t a s k  a r e a s :  

(1) Task A1 - Manufacturing, Ground Test ,  
and Manned Flight Support 

Provides the capability, including engineering 
personnel, t e s t  facil i t ies,  and hardware a s  necessary  t o  accomplish 
expeditious solutions, or  make recommendations concerning operational 
support problems encountered during manufacture, acceptance, or  
field utilization of the F-1 engine sys tem and accessor ies .  Major 
a r e a s  of effort include the following: 

o Definition and Solution of Engine Manufacturing, Checkout, 
and Acceptance Problems 

Problems that a r e  encountered during engine manufacture, 
inspection, checkout and acceptance testing which directly 
impact engine delivery. This effort supplements engine 
del iver ies  in that problems or  unsatisfactory conditions 
that a r e  applicable t o  more  than one engine a r e  resolved 
a s  par t  of this  task.  



o Definition and Solution of Field Problems 

Engine problems encountered af ter  the government 
has  accepted delivery of the engine. 

Surveillance will be maintained over engine sys tem 
integration with the stage and ground serv ice  equipment 
(GSE), including s t r e s s  and other technical analyses 
and periodic reviews of customer connect points and 
requirements, and applicable stage contractor rlocu~nents. 

o Review and Analysis of Ground Tes t  Data 

Performance data obtained f r o m  single engine and 
cluster  ground t e s t s  for  t rends,  deviations, and 
biases  that could affect the flight program. 

o Review and Analvsis of Flight Tes t  Data 

To define propulsion sys tem operati  ng charac ter i s t ics  
during launch and flight a s  part  of the overal l  Apollo 
requirement to  deter mine, investigate, and explain 
problems and malfunctions encountered during launch 
and flight. 

o Data Evaluation P r o g r a m  

The p rogram began December 1, 1957, and will 
be continued through June 30, 1970. The program 
provides data reduction digital methods and evalua- 
tion of t e s t  data f r o m  the data reduction methods. 

o Procedure  Simplification and Improvement 

Surveillance of procedures presented in specifica- 
tions and handbooks will be maintained to  detect 
problem a r e a s  and marginal  methods. 



o Review of Stage Contractor  E C P ' s ,  Engine Add-ons ,  e tc . ,  
f o r  Engine Impact  

F r o m  November 11, 1967 through June  30, 1970, 
engineer ing suppor t  wi l l  be r equ i r ed  f o r  t he  review 
of S-IC Stage Cont rac to r  engineer ing drawings  and  
engineer ing change p roposa l s  f o r  addit ions t o  o r  
changes  i n  designed ha rdware  configurations 
p roposed  f o r  ins ta l la t ion on t he  engine sys tem.  

( 2 )  T a s k  A2 - Manned Reliabil i ty A s s e s s m e n t  

Continued a s s e s s m e n t  and surve i l l ance  is 
provided fo r  engine rel iabil i ty,  making u s e  of production suppor t  
engines  and de l ive rab le  engines and hardware .  Major a r e a s  of ef for t  
include the  following : 

o Reliabil i ty A s s e s s m e n t  

Reliabil i ty a s s e s s m e n t  of production suppor t  and  
del iver  able  engines in  accordance  with Reliabil i ty 
A s s e s s m e n t  P rocedu re ,  R-6677, dated June 30, 1966. 

o Stabil i ty Sampling 

Periodical . ly demons t r a t e  that  de l ive rab le  engine 
s tabi l i ty  c h a r a c t e r i s t i c s  a s  defined by pa r ag raph  
3. 3. 2 of the  Model Specificat ions R- 1420eS, dated 
May 3, 1965, a r e  being mainta ined in production. 

o F l i g h t w o r t h i n e s s  Verif icat ion 

A t e s t  p r o g r a m  wil l  be  conducted f r o m  about 
m i d  CY 1968 t o  ver i fy  tha t  engine re l iabi l i ty  and 
workmansh ip  h a s  in  no way de te r io ra ted .  



( 3 )  Task  A3 - Crit ical  Component and Subsystem 
Imwrovement 

Provides for  improved back-up designs for  
those components and subsystems which a r e  extremely cr i t ica l  t o  
mission success  and which have long development and/or  procurement 
lead t imes.  Selection of those long lead components and/or  sub- 
sys tems which a r e  to  be investigated under this  t a sk  will be based 
pr imari ly  on development history, cri t icali ty,  and fai lure  effects. 

c. Reduction in Potential Fa i lure  Modes, Increased 
Utilitv and Cost Reduction.. The effort under each t a sk  of the follow- 
ing categories  i s  planned on the bas is  that it leads to  submission of 
an  E C P  or  SCN. 

( 1) Task  B 1 - Reduction in Potential Fa i lure  
Modes, Improved Engine Maintenance and Increased Operational 
Flexibility. Maior a r e a s  of effort include the following: 

Elimination of Thrust  Chamber to  Nozzle Extensi on 
Mating Flange Hot Gas Leakage 

Static Seal Improvement 

Improved Gas Generator Chamber P r e s s u r e  Transfer  Tube 

Turbopump Intermediate Seal 

Illiprovement of Hydraulic Control Lines 

Boss Improvement 

Improvement of Gas Generator Ball  Valve 

Turbopump Shaft Balance 

35 - inch Tcrbine Manif old Nozzle Improvement 

Instant Release Capability 

Baffle Bulging 



o Improved Specific Impulse 

o Thrus t  Chamber External  Tube Leaks 

o Reduction in Operational Restrictions 

( 2 )  Task  B2 - Cost Reduction, Simplification, 
and Increased Engine Flexibility. Provides for  mater ial ,  personnel, 
engineering, t e s t  facil i t ies,  support and other related activit ies in 
a p rogram directed toward engine sys tem cost reduction simplifica- 
tion and increased  flexibility. The pr imary  effort under this  t a sk  
i s  directed toward a r e a s  which will resu l t  in a lower engine sys tem 
unit cost t o  the government through design simplification and 
increased engine sys tem flexibility. Major a r e a s  of effort include 
the following : 

o Cost Reduction 

Effort i s  t o  be expended to reduce engine hardware 
cos ts  through analysis and redesign of components 
which historically have been difficult t o  manufacture, 
by extending useful service life and by reclamation 
o'f high cost i tems. Areas  to  be emphasized a r e :  

Improved P r  oducibility 

Reclaiming Used Hardware 

Development of Reclaiming P r  ocedur e 
for  Injector Bodies 

o Design S im~l i f i ca t ion  

o Increased Engine System Flexibility 

A p rogram t o  evaluate and demonstrate an engine 
sys t em with increased flexibility. The objectives 
of this  effort a r e  the removal  of cer tain inherent 
engine sys tem limitations thereby improving vehicle 
mis  sion flexibility, and the evaluation of thrus t  
limiting and/or  controlling devices to  make maximum 
utilization of the inflight performance increase.  



o Mater ials  Investigation 

Covers analyses and t e s t s  of components, mater ia l s  
and processes  and investigation of the use of improved 
mater ia l s  and processes  having application in the F- 1 
engine system. The pr imary  goals of this effort a r e  
reduction of engine sys tem cost, increased service 
life, and improved reliability. 

(3)  Task  B 3 - Combustion Stability Investigation. 
Provides for  maintenance of the capability to  solve and take approp- 
r ia te  action should a combustion stability problem occur. 

o Relationship of Specific Impulse to  Combustion Stability 

Involves investigation of the relationship of specific 
impulse to  combustion stability and their  effect both 
singularly and combined, on the injector or  thrus t  
chamber.  

d. Flight Objectives. Used in a five-engine cluster  
on the S-IC stage, F- 1 engines will launch Saturn V vehicles on p re -  
planned t ra jec tor ies .  The five- engine cluster ,  one stationary inboard 
and four gimbaling outboard engines, will pr oduc e a total  nominal 
thrus t  of 7, 6 10, 000 pounds a t  s ea  level and at  lift-off. F igure  3- 1 
ref lects  engine character is t ics .  

e. Existing engine component description, major  
design parameters .  The F- 1 engine i s  a single- s ta r t ,  f ixed-thrust,  
gimbaled bipr opellant sys tem which uses  liquid oxygen (LOX) a s  the 
oxidizer. RP-  1 i s  used a s  the fuel, the turbopump bearing lubricant, 
and the control sys tem fluid. The engine has  a single, regenerative 
fuel-cooled thrus t  chamber with a turbine exhaust gas-cooled extension. 
Propellants a r e  supplied to  the thrust  chamber by a direct-dr ive 
turbopump driven by exhaust gases f r o m  a gas generator which uses  
the same propellant (but different mixture rat io)  a s  the thrus t  chamber.  
Descriptions of major  components may be found in the following 
paragraphs and figure 3-2 i l lustrates  major  components. 



1 INTERFACE PANEL 

2 T U R B O P U M P  

3 G A S  GENERATOR B A L L  VALVE 

4 GAS GENERATOR 

5 HEAT EXCHANGER 

6 TURBINE EXHAUST M A N I F O L D  

7 T: IKUST C I iAMZER EXTENS I ON 

8 TFiRUST CHAMBER 

9 NO. 1 MIA I N  FUEL VALVE 

10 NO. 1 k i A  I N  LOX VALVE 

11 NO. 1 H I G H -  PRESSUKL FUEL DUCT 

12 NO. i t i IGk1 PKCSSUI.ZL [.OX DUCT 

Figure  3-2.. F- 1 Engine Components (Sheet 1 of 2)  
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1 HEAT EXCHANGER 

2 TUKBOPUMP 

3 NO. 2 FUEL INLET 

4 LOX l NLET 

5 NO. 1 FUEL INLET 

6 GIMBAL BLOCK 

7 NO. 2 M A I N  LOX VALVE 

8 NO. 2 MA l N FUEL VALVE 

9 NO. 2 HIGH- PRESSURE LOX DUCT 

1; NO. 2 HIGH--PRESSURE FUEL DUCT 

Figu re  3-2. F- 1 Engine Components (Sheet 2 of 2 )  
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(1 )  Thrus t  chamber .  The t h rus t  chamber  
cons i s t s  of a n  oxidizer dome, an  injector,  and a tubular fuel-cooled 
body. The t h r u s t  chamber  r ece ives  propellants under p r e s s u r e  
f r o m  the  turbopump, and the  injector evenly injects  high-velocity 
propel lants  into the  chamber  combustion zone. The combustion 
gases  resu l t ing  f r o m  burned propellants a r e  expelled a t  high velocity, 
thus  producing th rus t .  

The oxidizer dome i s  a dual-inlet  manifold. 
Inlets a r e  180 deg rees  opposed, providing even distr ibution of LOX 
t o  t he  injector .  

The t h rus t  chamber  injector i s  a baffled 
mult i -or i f iced injector  that  d i r ec t s  RP-  1 and LOX into the  t h r u s t  
chamber  in  a pa t te rn  that  will ensu re  sat isfactory combustion. 

The th rus t  chamber  body, a b r azed  
assembly ,  i s  a tubular walled, regenerat ively  fuel-  cooled, nozzle - 
type chamber  incorporating four outr igger  a r m s .  Two outr igger  
a r m s  support  the  turbopump assembly  and two a r e  used  a s  actuator  
a t tachments  fo r  t h rus t  vector control .  Approximately 30 per  cent of 
the  fue l  i,s routed d i rec t ly  t o  the  injector  while about 70 percen t  fue l  
flows through the  body tubes ,  providing cooling during engine operation 

(2 )  Turbopump. The turbopump i s  a d i rec t -dr ive  
unit consist ing of an  oxidizer pump, fuel  pump, and turbine mounted 
on a common shaft. I ts  function i s  t o  propel  RP-  1 and LOX t o  the  
gas  genera tor  and t o  the  th rus t  chamber  a t  r a t ed  p r e s s u r e  and flow 
r a t e s .  Liquid oxygen en t e r s  the  turbopump axially through a single 
outlet in  line with the  shaft and i s  d ischarged radial ly  through dual 
outlets .  F u e l  en t e r s  the  turbopump radial ly  through dual outlets  and 
i s  d i scharged  radial ly  through dual outlets. The d u ~ 1  inlet and outlet 
design provides a balance of radia l  loads in the  pump and a l so  
min imizes  the  requi red  pump d iameter .  

The oxidizer pump i s  the  portion of the  
turbopump housed inside the  oxidizer volute. The pump impel le r  
p r e s s u r i z e s  LOX and d i r ec t s  flow t o  the  oxidizer volute dual outlets  
which in t u r n  d i r ec t  LOX to  the  th rus t  chamber  and the  gas  genera tor .  



Housed inside the fuel volute and the fue l  
inlet i s  the fuel pump. RP-  1 i s  driven intc the fuel volute by the 
pump impeller.  F r o m  the fuel volute RP-  1 i s  directed through dual 
outlets t o  the thrust  chamber and the gas generator.  

The turbine dr ives  RP- 1 and LOX pumps 
by flow of hot gas through the turbine. Gas flow rotates  a common 
shaft, driving the pumps. 

(3) Gas generator.  The gas generator consists 
of a bal l  valve, injector fuel inlet housing tee,  injector,  comb~9stion 
chamber,  and associated seals.  

The gas generator bal l  valve i s  a hydraulically 
operated valve incorporating two hollow balls connected to  a single 
actuator.  This valve controls and sequences entry of propellants into 
the gas generator.  

The gas generator fuel inlet housing t ee  
provides a flexible manifold for attaching the ball- valve fuel- outlet 
port  to the gas generator injector plate fuel-inlet port. 

The gas generator injector mounts on the 
combustion chamber and i s  a flat-faced, multi-orificed type injector.  
I ts  function i s  t o  direct  RP-  1 and LOX into the combustion chamber 
in a pattern that will support efficient combustion. 

The combustion chamber consists of a solid- 
wall  chamber,  which provides a zone for  burning propellants, and a 
manifold for  exhausting the gases  f r o m  the burning propellants into 
the turbine. 

(4) Main oxidizer valve. The oxidizer valve i s  
a hydraulically actuated, balanced poppet-type valve containing a 
mechanically-actuated sequence valve and a position indicator. The 
position indicator contains switches for indicating extreme poppet 
positions and a potentiometer for  recording valve-poppet movements. 
Two oxidizer valves in t h e  engine sys tem control flow of LOX t o  the 
thrus t  chamber and sequence the opening hydraulic fuel p res su re  to  
the gas generator bal l  valve. 



(5)  Main fuel  valve. The fuel valve i s  a balanced 
poppet -type valve incorporating position indicator containing switches 
for ex t reme poppet position and a potentiometer t o  r eco rd  the valve 
poppet movement. The switch provides re lay  logic in the engine 
e lec t r ica l  control circuit ,  and the potentiometer provides the instru-  
ment pickup f o r  monitoring the va1v.e poppet movement. Two fuel 
valves in the engine sys tem control the flow of R P -  1 t o  the thrus t  
chamber.  

(6) Hydraulic f i l ter  and four -way solenoid valve 
manifold. The hydraulic f i l ter  and four-way solenoid valve manifold 
(engine control valve) contains th ree  f i l ters .  One fi l ter i s  in the 
supply sys t em and one each i s  in the opening and closing p res su re  
systems.  These f i l te rs  prevent foreign mat te r  entry into the control 
system. A s t a r t  solenoid and stop solenoid with associated pistons 
and poppets enable the valve manifold t o  control starting and stopping 
of the engine by directing control fluid t o  open or  close propellant 
valves . 

(7) Checkout valve. The checkout valve consis ts  
of t h r e e  basic  components: a ball, a poppet, and an actuator. Valve 
functions a r e  to  direct  ground supplied control fluid back to  ground 
during engine checkout and init ial  s t a r t  sequence. 

(8)  Hypergol manifold. The hyper go1 manifold 
consis ts  of a hypergol container, ignition monitor valve, position 
switch, and igniter fuel valve. A hypergol check valve i s  installed 
in the igniter fuel valve. The spring- loaded cam- lock mechanism 
in the hypergol manifold prevents actuation of the ignition monitor 
valve until the hyper go1 car tr idge diaphragm bur s t  s. This mechanism 
a l so  actuates a position switch indicating when the hypergol car t r idge  
i s  installed. Essentially,  the igniter fuel valve i s  a spring-loaded 
cracking check valve that allows flow when p r e s s u r e  applied to  the 
fuel  in port  i s  375 + 30 psig. The combination of this  p res su re  and 
increasing p res su re  supplied by turbopump discharge i s  then applied 
to  the hypergol car t r idge diaphragm when installed. The igniter fuel 
valve m e t e r s  fuel t o  the thrus t  chamber igniter fuel system. 

(9 )  Bearing coolant- control valve. The bearing 
coolant- control valve i s  a dual-poppet cracking valve with th ree  inlets 
(two a r e  common), three  40-micron f i l te rs ,  and two common outlet ports.  



Functions performed a r e  t o  control the supply of coolant-lubricant 
fue l  t o  the turbopump bearings and serve  a s  a means of preserving 
the  turbopump bearings between static f i r ings or  during engine storage. 

(10)  Dual gas heat exchanger. Consisting of two 
separate  coil elements in a shell, the heat exchanger uti l izes turbine - 

exhaust gas to  superheat LOX and cold gaseous helium transforming 
them t o  LOX and hot gaseous helium to pressur ize  the vehicle propel- 
lant tanks. Turbine exhaust gases  passing through the heat exchanger 
shel l  and over the coils super-heat the LOX and liquid helium, 

( 11) Thermal  insulation. Thermal  insulation 
consis ts  of a Refras i l  batt between Inconel foil  and covers  the engine 
f r o m  exit plane to  gimbal block. Insulation i s  t o  protect components, 
e lec t r ica l  and control sys tems and s t ruc tura l  par t s  of the engine 
f r o m  radiant heat f r o m  the exhaust plume. 

2. Approach. Technical and economic aspects  of the 
plans for  the continued project development can be defined best  by 
consideration of the achievement of project objectives and elimination 
of problem a r e a s .  

a. Achievement of project objectives. Required 
effort t o  meet  objectives of the project will be implemented through 
the development plan indicated previously in paragraph 1. a. 

Project  t ime requirements  and la rge  development 
cos ts  requi re  that extensive efforts be made to  obtain maximum data 
f r o m  engine t e s t s  and associated analyses.  Minimization of t e s t s  for  
demonstration of basic program objectives and exploration of potential 
problem a r e a s  will be a major  effort. This planning i s  reflected in 
testing efforts i l lustrated in figure 8-2 .  

Optimum project efficiency will be accomplished 
by combining variables  which a r e  common to  both the exploration into 
prevalent problem a r e a s  and the fulfillment of basic project objectives. 

Close monitoring of the contractor will be continued, 
with appropriate coordination maintained between contractor development 
efforts and Marshal l  Space Flight Center. This will ensure  the minimum 



effort t o  produce maximum resul t s ,  while retaining the capability of 
rapid response t o  unforeseen problems. 

b. Elimination of problem a reas .  Current  engine 
development presents  design problems that have been common to  
pr ior  high-thrust engines. Due to  the scale-up involved in engine 
design, problem a r e a s  a r e  apparent;  however, they remain  within 
the s tate-  of-the-art  and will be resolved by fur ther  development 
effort. Planned technical approach for  the specific problem a reas ,  
prevalent within each subdivision of the development plan, follows : 

( 1) Combustion instability. Evaluation of in- 
jector configuration using the explosive pulse stability rating technique 
and necessary  redesign will be continued. Injectors will continue t o  
be investigated to  provide a sys tem that will satisfy performance ISP 
and stability requirements  by qualification. 

(2)  Turbopump testing. Turbopump testing will 
be performed t o  determine the cause and means to  eliminate turbopump 
oscillations and t o  prove turbopump s t ruc tura l  and operational integrity. 

( 3 )  Nozzle extension erosion and s t ruc tura l  
integrity. Design modifications, based on t e s t  resu l t s  to  improve 
flow distribution will be continued. 

(4) Heat exchanger. Analysis and modifications 
- t o  stabilize and improve performance will continue. 

(5)  Other minor problem a reas .  Continued 
analyses,  testing, and redesign where necessary  will be accomplished 
to  resolve minor problems. 





F i g u r e  3 - 3 .  H - l  Engine Technica l  Data 
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B. H- 1 ENGINE 

1. Description 

a. The H- 1 Engine effort  i s  t o  be  expended in  d i r ec t  
support  of ( 1) production problems requir ing 'engineering studies,  
engine and /o r  component t e s t s ,  ( 2 )  vehicle s ta t ic  t e s t s ,  and ( 3 )  flight, 
t o  provide answer s  in  a t imely manner .  This  effort,  in  support  of 
(1) above, includes studies and t e s t s  neces sa ry  f o r  the improvement  
of H- 1 engine quality, integri ty,  and reliabil i ty.  The effor i s  
inclusive of the:  following: 

o Manufacturing, Ground Tes t  and Flight Support 

o Flight Worthiness  Verification 

o Data Analysis 

o Stability Sampling 

o Sustaining Reliability 

o Special  Studies 

( 1) Manufacturing, ground t e s t  and flight support .  
Capability will be provided, which includes engineering personnel,  
t e s t  faci l i t ies  and hardware,  t o  reso lve  engine and GSE problems  
encountered during production and field utilization of the  H- 1 engine. 
This  includes the  developmental  and t e s t  effort requ i red  t o  investigate 
and recommend design changes, Specification Change Notices, 
Engineering Change Requests,  o r  Engine F ie ld  Inspection Requests ,  
and t o  evaluate s tage cont rac tor ' s  Engineering Change Proposa ls  fo r  
engine impact.  

If problems exis t  in the  field during engine 
checkout, s ta t i c  t e s t  and flight, the  definition and evaluation of the  
prob lems  and recommendat ions  for  the solutions t o  the problems 
will  be accomplished.  



Investigations, sys tem analysis,  laboratory 
t e s t s ,  redesign, procurement or fabrication of t e s t  hardware,  component 
tes t s ,  and engine t e s t s  will be conducted a s  required to  evaluate these 
problems. This effort includes maintaining surveillance of engine 
integration with the vehicle, establishment of customer connect points, 
and definition of the vehicle interface. A s  new design changes become 
effective, the coordination of engine changes with the vehicle (contractor)  
will be performed. The procedures employed by the vehicle (contractor)  
for  engine checkouts in the vehicle and during static firing will be 
reviewed for  concurrence and maintained cur rent  with applicable 
engine specifications. 

An average of 700 seconds per  month for a 
total  of 33, 000 seconds will be accumulated in turbopump component 
pit testing. 

Effort will be directed toward Turbopump 
0pera.tional support of production, s ta t ic  t e s t  and flight. Capability 
will be provided, which includes engineering personnel, t e s t  facil i t ies 
and hardware to  resolve turbopump problems encountered during 
manufacture, acceptance and field utilization of the H- 1 engine, requiring 
effort beyond the scope of normal  Maintenance Engineering. 

If problems a r i s e  in the field during checkout, 
static tes t ,  and flight, the definition and evaluation of the problems 
and recommendation for  the solutions to  the problem will be accom- 
plished. 

To the extent that turbopump t e s t  capability 
i s  not utilized in accomplishing the objectives for  T u ~ b o p u m p  
Operational Support, effort will be applied to  the objectives for 
Turbopump Improvement and Second Source Evaluation. 

The objectives of the Turbopump Improvement 
and Second Source Evaluation Component Pi t  Tes t  P r o g r a m  a r e  to  
evaluate t e s t  hardware procured f r o m  second source suppliers and 
to  evaluate design and operational improvements. The following 
programs a r e  scheduled to  accomplish the objectives: 



( a )  Turbocas t  f i r s t  s tage  tu rb ine  wheel  
blades.  A redes igned  f i r s t  s tage  turbine  wheel  blade i s  being made  
which will be Reliabil i ty Verif icat ion Tes t ed  when a s semb led  into 
wheels.  T h r e e  wheels  wi l l  be tes ted .  Labora to ry  vibra t ion t e s t s  
wi l l  a l s o  be  accomplished.  Successful  completion of th i s  p r o g r a m  
wil l  provide a second sou rce  fo r  the  f i r  st' s tage  wheel  b lades .  

(b)  Haynes second s tage  tu rb ine  wheel  
b lades .  The  Haynes second s tage  turbine  wheel  wi l l  be Reliabil i ty 
Verif icat ion Tested.  The tu rb ine  blades  wil l  be fabr ica ted  ~,si .ng t he  
she l l  mold p roce s s .  T h r e e  wheels  wil l  be t e s ted .  

( c )  Turb ine  manifold. Another supply 
s o u r c e  wi l l  be acqu i red  f o r  turbine  manifold. T h r e e  manifolds,  
obtained f r o m  the  new source ,  wil l  be Reliabil i ty Verif icat ion Tes ted .  

(d )  Turbopump main  shaft.  A second 
s o u r c e  wi l l  be  evaluated t o  supply the  tu rbopump main  shaft .  The  
p r e sen t  method u sed  t o  weld the  shaft  toge ther  i s  a p r e s s u r e  weld. 
Th i s  method wi l l  probably be changed t o  a m o r e  widely u sed  technique.  
T h r e e  sha f t s  wi l l  be Reliabil i ty Verif icat ion Tes ted .  

( e )  K-Monel LOX inducer .  A LOX 
inducer  m a t e r i a l  change t o  K-Monel wil l  be evaluated.  Th i s  change 
is intended t o  e l iminate  t he  possibil i ty of s t r e s s  cor ros ion .  T h r e e  
i nduce r s  wi l l  be  t e s t ed  t o  es tab l i sh  sa t i s fac to ry  operation.  

( f )  K e l - F  l ine r .  An operat ing life 
l imi t  is p resen t ly  imposed  on the  oxidizer pump Ke l -F  l ine r  because  
of c rack ing  which h a s  occur red .  A poss ible  r ede s ign  of the  l ine r  wi l l  
be  evaluated t o  e l iminate  the  c rack ing  tendency. If a sa t i s fac to ry  
des ign i s  de te rmined ,  l i n e r s  wi l l  be t e s t ed  t o  es tab l i sh  sa t i s fac to ry  
operation.  

(g )  Improved second s tage  tu rb ine  wheel. 
An improved  second s tage  tu rb ine  wheel, which ha s  been  des igned t o  
reduce  the  ax i a l  load on the  number  7 bear ing ,  wil l  be t e s ted .  The  
blades  wi l l  be  machined a s  a n  in tegra l  p a r t  of the  wheel. T h r e e  
wheels  wi l l  be t e s t ed  t o  es tab l i sh  sa t i s fac to ry  operation.  



(h)  Turbine installation. A study will  
be  conducted t o  f ind methods of reducing problems assoc ia ted  with 
the  installat ion and removal  of the turbine assembly  in the  turbopump. 
To reduce  t he se  assembly  problems,  minor  design changes and /o r  
design and fabr icat ion of instal lat ion and r emova l  tools  will, be 
evaluated. 

( i )  No. 1 bear ing c lamp r ing  lock. 
Designs will  be evaluated t o  provide a positive retention of the  
Number 1 bear ing  c lamp r ing which will  prevent r e c u r r e n c e  of 
problems assoc ia ted  with tightening of the r ing  during turbopump 
operation.  

( j )  No. 1 bear ing hea te r  simplification. 
Replacement  of the  bear ing hea t e r s  with one heater  having a n  equal  
o r  g r e a t e r  power ra t ing  and re located t o  the  outboard s ide  of the 
bear ing  will  be evaluated. This will r e su l t  in  sy s t em simplification. 
An investigation a l s o  will be directed toward eliminating the No. 1 
bear ing  t empera tu re  redl ine  for  launch. 

(2)  Flight worthiness  verif ication.  A t e s t  
p r o g r a m  will be conducted t o  verify the integr i ty  of the  flight engine 
af ter  a l ong - t e rm s torage  by tes t ing f ive  G F P  engines. The engines 
will  be  of t he  205, 000-pound th rus t  configuration and a l l  engine 
hardware  will be provided to  t e s t  the engines in  the con t r ac to r ' s  t e s t  
stands.  The engines will  be compatible in actual  configuration with 
the  engine log book and will have a l l  applicable kit changes installed 
p r io r  t o  rece ip t  by the  contractor .  The applicable engine specifications,  
modified for  each engine, will  be used. The engine shal l  be  subjected 
t o  a t e s t  p r o g r a m  which will accumulate  sufficient t e s t s  and seconds 
t o  complete engine s e rv i ce  life of 15 s t a r t s  and 2025 seconds followed 
by  a modified post acceptance checkout. The 15 s t a r t s  and 2025 
seconds includes a l l  t e s t  t ime  accumulated on the engines when 
provided a s  G F P  for  th i s  task.  After h o t - f i r t  t e s t s  and checkout 
a r e  complete,  the  engine will be d i sassembled  and inspected for  
abnormal  conditions and discrepancies .  

A flash r epo r t  will be requi red  
immediate ly  a f te r  the  occur rence  of any significant discrepancy 
and a f te r  completion of hot-f i re  t e s t s .  A f o r m a l  r e p o r t  summar iz ing  
the  tes t ing and teardown inspection will be requi red  on each engine. 



( 3 )  Data analysis .  The exist ing digital  da ta  
reduction methods used for  engine acceptance will  be made available in  
a f o r m  convenient fo r  converting into other digital  sys tems .  Supporting 
data and ma te r i a l s  will  be provided t o  MSFC. A manual  will  be pro-  
vicled fo r  the  purpose of ins t ruct ion in  the operation of the  data  reduct ion 
program.  

Genera l  analysis  of engine per formance  
data  will  be summar i zed  fo r  presentation in a repor t .  The r e p o r t  
will  include the  p r i m a r y  values found in  the data reduction p-fintout. 

Special  data reviews and analysis  of 
flight or iented engine data will  be conducted. These  rev iews  and 
ana lyses  r equ i r e  detailed evaluation of the  t e s t  p r o g r a m  per formed 
on the  engine. 

Evaluation of t e s t  stand ins t rumentat ion 
prec i s ion  and engine performance repeatabil i ty will a l s o  be performed.  
This  effort  includes data  analysis  on a l l  production engine t e s t s  which 
have a n  abnormal  and unexplained occur rence .  An example of a n  
abnormal  occur rence  would be a per formance  shift of 10 p s i  o r  
g rea te r  111 the  s i t e  chamber  p r e s s u r e  and /o r  fue l  in jector  manifold 
p r e s s u r e ,  o r  a shift in  t h rus t  of 2500 pounds o r  g r e a t e r  within a 
per iod of l e s s  than 2 seconds.  The purpose of the analysis  will  be  
t o  de te rmine  the  origin and significance of the  occurrence.  A s ta te -  
ment  fo r  each ana lys i s  summar iz ing  the  findings, conclusions, and 
n e c e s s a r y  co r r ec t i ve  action will  be included in the  Bi-monthly 
Informal  Technical  P r o g r e s s  Report .  

(4) Stability sampling.  The stabil i ty 
cha rac t e r i s t i c s  of a del iverable  injector will  be periodically demon- 
s t r a t ed  t o  ver i fy  that  they a r e  within l imi t s  of the Model Specification. 
This  demonstra t ion will  be conducted on eight G F P  injectors .  Each 
injector  will  be assembled  into an  engine s y s t e m  of essent ia l ly  the  
cu r r en t  production engine configuration. The engine will  be subjected 
t o  a combustion dis turbance which will  be induced in the  main  chamber  
by detonating a 50 grain  bomb located in  a n  outer compartment  of the  
injector.  Thrus t  l imi t s  of the stabil i ty t e s t s  taken a t  the  s tandard  data  
in te rva l  shal l  be within the  cu r r en t  Model Specification l imits .  Each  
injector  will  be tes ted  t o  accumulate approximately 600 seconds before  
i t  i s  subjected t o  a stabil i ty t es t .  One t e s t  with t h rus t  induced 
combustion dis turbance,  and damp t i m e  within the  l imi t s  of the  Model 
Specification will be sufficient t o  demons t ra te  adequate stabil i ty 
cha rac t e r i s t i c s .  
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(5)  Sustaining r eliabixity 

( a )  Reliability tes t .  A reliabil i ty 
demonstra t ion p r o g r a m  f o r  the H- 1 engine i s  descr ibed  below: 

1. Reliability category B - T e s t s  
will  be dec la red  within t h i s  category during the  production support  
p r o g r a m  t o  continue the  demonstra t ion of 9970 re l iabi l i ty  and a confi- 
dence level  of 5070 o r  g r e a t e r  while operating a t  o r  above 200, 000 
pounds th rus t .  The confidence level  computed will  include t e s t s  used 
in  ca tegory  B during the  H- 1 sustaining engineering p r o g r a m  (Apr i l  1, 
1965 through June 30, 1967). The objective of the  p r o g r a m  i s  t o  
es tab l i sh  the  highest possible confidence a t  9970 reliabil i ty.  It i s  
es t imated  that  approximately 100 equivalent full-duration t e s t s  will  
be accumulated during the  production support  program.  

2 .  A t e s t  can not be dec la red  for  
category B rel iabi l i ty  which excludes a component which has  
exper ienced a hardware  o r  p rocedura l  fa i lu re  in e i ther  production 
support  o r  production tes t ing unti l  the mode of the  fa i lu re  has  been 
de te rmined  and cor rec ted .  When such a fa i lu re  i s  judged a hardware  
fa i lure ,  then two components mus t  successfully complete t es t ing  t o  
qualification life t o  prove that  the  mode has  been  cor rec ted .  

3. Reliabil i ty category C - T e s t s  
will  be  dec la red  within th i s  category t o  de te rmine  the re l iabi l i ty  a t  
5070 confidence while operating a t  or above 207, 000 pounds th rus t  
and /o r  operating with hardware  which has  exceeded engine s e rv i ce  
life. The objectives of th i s  category i s  t o  es tabl ish  a re l iabi l i ty  
value f r o m  t e s t s  that  would normal ly  be excluded f r o m  category B 
beca.use of excess ive  t h rus t  level  o r  hardware  which has  exceeded 
engine s e rv i ce  life. The reliabil i ty computed will  include t e s t s  used  
in category C during the  H- 1 sustaining engineering p r o g r a m  (Apr i l  1, 
1965 through June 30, 1967). T e s t s  dec la red  in  th i s  category will  not 
be used in  category b. 



(b) Malfunction analysis .  Operation and 
malfunction data will  be maintained. Reports  of fa i lu res  and /o r  unsa t i s -  
fac tory  condition and fa i lu re  analysis  r epo r t s  will  be documented. An 
unsat isfactory condition r epo r t  will be requi red  fo r  each problem of non- 
conformance t o  drawings, specifications,  o r  operational requi rements .  

(6) Special  studies.  Special  s tudies  assoc ia ted  
with the  H- 1 engine will  be conducted during the  period of performance.  
Examples  of effort  that  might be conducted a r e  studies t o  i nc rea se  pe r fo rm-  
ance of the  H- 1 engine, studies on engine s y s t e m  and component rel iabil i ty,  
s tudies  neces sa ry  t o  fur ther  define design, functional and per formance  
cha rac t e r i s t i c s  of any engine or  component and s tage-pecul iar  problems.  

b. Flight Objectives. Clustered in  a group of eight, 
the  H- 1 engine f o r m s  the mos t  powerful liquid propulsion s y s t e m  launched 
in  the  f r e e  world. P r i m a r y  objectives of th is  s y s t e m  follow: 

(1)  Utilize the eight-engine c lus te r  t o  provide the  
S-IB s tage of the  Saturn IB vehicle with a t h rus t  of 1, 600,000 pounds fo r  
vehicles  SA-201 t o  205 and t o  provide 1, 640, 000 pounds t h rus t  f o r  S-IB 
s tages  effective vehicle SA-206. 

(2) Utilize H- 1 engines on t he  S-IB s tage t o  
launch Saturn IB vehicles on planned t r a j ec to r i e s .  

c. Exist ing engine descr ipt ion -- 

(1) Configuration. Two models of the H- 1 engine 
a r e  used in  the eight-engine c lus te r  of the  Saturn IB, S-IB stage.  H- 1C i s  
t he  model designation of the  four-fixed inboard engines;  H- 1D i s  the  model  
designation of the  four-gimbaied outboard engines. Basically,  the  physical  
cha rac t e r i s t i c s  of the two models a r e  identical, with the  exception of the  
exhaust  s y s t e m  and vehicle-attach hardware.  The H- 1C engine i s  del ivered 
with a pa r t i a l  a sp i r a to r  and the  H- 1D engine i s  del ivered with ful l  a s p i r a t o r s  
f o r  exhaust gas flow control. 

Each engine i s  at tached t o  the vehicle s t r u c -  
t u r e  by a gimbal assembly.  The inboard engines a r e  stabil ized in  the i r  
posit ions by s t r u t s  at tached t o  the stabil izing lugs. The outboard engines 
have gimbal  ac tua tors  at tached t o  the  gimbal  outr iggers ,  permitt ing the  
outboard engines t o  gimbal a 10-degree squa re  pat tern  for  vehicle di rect ional  
control .  

(2) Description.  The engine i s  a ca l ib ra ted  fixed- 
th rus t ,  bipropellant  rocket  engine with a nominal s ea -  level  ra t ing of 205, 000 
pounds th rus t .  The engine employs a gimbal mounted, regenerat ively  fuel-  
cooled single t h rus t  chamber  with an  exhaust nozzle expansion r a t i o  of 8 t o  1. 
The propellants (LOX and RP-1) a r e  supplied t o  the t h rus t  chamber  by a 
turbopump. A gas  generator  using the  s a m e  propellants a s  the  t h rus t  
chamber  powers the  turbopump. 
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1 FUEL ADDIT IVE  SLENDER UNIT  

2 TUKZOPU;\iP GEAR CASE 

3 LOX PUiv\P 

4 LOX H I G H  PRESSURE DUCT 

5 G I M B A L  ASSEMBLY 

6 LOX DOME 

7 THRUST C; iAMBER 

F i g u r e  3-4. H- 1 Engine Components  (Sheet  1 of 2 )  
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1 M A l M L O X V A L V E  7 FUEL BOOTSTRA P L l  NE 

2 FUEL H 1GH- PRESSURE DUCT 8 GAS GENERATOR CONTROL VALVE 

3 FUEL PUMP 9 LOX BOOTSTRA P L1 NE 

4 TURBINE ASSEMELV 10 WVPERGOL CONPA I MER 

5 SOL! D PEOELMNT GAS GENERATOR I I  GIMBAL ASSEMBLY 
ATTACMl\itENI POINT 12 M A  1 N FUEL VALVE 

6 GAS GENERATOR COMBU"st6  RRvOY 

F i g u r e  3-4. H- 1 Engine Components (Sheet 2 of 2 )  
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( a )  T,hrust chamber  and gimbal. 

The t h rus t  chamber  and gimbal assembly  include a gimbal, LOX 
dome, in jector  and hypergol container,  and a th rus t  chamber  body. 
The t h r u s t  chamber  function i s  t o  rece ive  the propellants under 
turbopump p r e s s u r e ,  mix and burn the propellants,  and impar t  a 
high velocity t o  the expelled combustion gases  producing vehicle 
propulsion thrust .  The th rus t  chamber  a l so  s e r v e s  a s  a mounting, 
o r  support ,  f o r  a l l  engine and cer ta in  vehicle components. 

(b) Exhaust system.  The engine 
exhaust  s y s t e m  on the model H- ID engines cons i s t s  of a turbine 
exhaust  elbow duct, heat exchanger,  heat shield, and heat exchanger 
LOX supply line. The thrust  chambers  on a l l  model H- 1D engines 
a l s o  have a n  a sp i r a to r  instal led t o  dis t r ibute  the exit flow of exhaust  
gases .  The  exhaust  s y s t e m  for  the model H- 1C engine dif fers  in  
tha t  i t s  design incorpora tes  a par t ia l  asp i ra tor .  

( c )  Gas generator  and control  
sys tem.  The  gas  genera tor  and control  s y s t e m  cons i s t s  of the liquid 
propellant  gas  genera tor ,  ignition monitor valve, purge check valve, 
o r i f i ces ,  boot s t r a p  l ines,  and the hose and line a s sembl i e s  which 
make  up the ,  s e r i e s  control  line. 

(d) Sys tem check valves and 
coupling. Check valves on the engine a r e  used to  l imit  the flow of 
f luids t o  one direction.  Quick disconnect couplings a r e  used on 
s y s t e m  f i l l  por t s  and fo r  s y s t e m  dra ins .  

( e )  Propel lant  feed sys tem.  The 
propellant  feed s y s t e m  i s  composed of the  main fucl valve, main LOX 
valve, propellant  high p r e s s u r e  ducts, turbopump, check valves,  and 
or i f ices .  The purpose of the propellant feed s y s t e m  i s  t o  supply 
propellants a t  the  p r e s s u r e s  and in the quanti t ies requi red  for  engine 
ignition, t ransi t ion,  and mainstage operation. 

( f )  Turbopump assembly .  The 
turbopump i s  a turbine driven,  dual - lumping unit consist ing of a n  
oxidizer pump, fuel  pump, reduction gearbox, acces so ry  dr ive  
adapter ,  and turbine.  T o  simplify the engine s y s t e m  h igh-pressure  
plumbing, the  turbopump i s  mounted on the side of the th rus t  chamber ,  
with the main  shaft  a t  r ight  angles t o  the th rus t  vector.  This  mounting 



provides  a h igh-pressure  duct routing with minimum p r e s s u r e  drop,  
reducing the  requi rements  f o r  development of high-pump outlet 
p r e s s u r e s .  The outlets  of the oxidizer pump and the  fue l  pump a r e  
in tegra l  pa r t s  of the respect ive  pump volutes. These  outlets  a r e  
at tached t o  the  main- p r  opellant ducting. During engine operation, 
the tu-rbopump supplies oxidizer and fue l  t o  the th rus t  chamber  a t  
the r equ i r ed  p r e s s u r e s  and flow r a t e s .  The turbopump a l so  supplies 
the  liquid propellant  gas  generator  with the  requi red  flow of oxidizer 
and fuel. Engines a r e  equipped with the  Mark  111 H o r  Mark  I11 
turbopump. The Mark  111 H i s  a m o r e  ref ined turbopump incorporat ing 
i nc reased  volute strength,  integral-diffuser vanes,  h igh-s t rength 
bolting a r rangements ,  and tapered- inducer  vanes. 

(g )  Pneumatic  lubrication 
sys tem.  The pneumatic azld lubrication s y s t e m  includes:  purge 
l ines  and check valves,  p ressur iz ing  l ines and check valves,  vent 
l ines,  d r a in  l ines,  f i l t e r s ,  s c r eens ,  lube l ines,  and the  fue l  additive 
blender  unit. The purge l inas  and check valves s e r v e  a s  connect 
points f o r  gaseous-ni t rogen purges  r equ i r ed  during pre tes t ,  t e s t ,  
post - tes t ,  and cer ta in  maintenance procedures .  The check valves  
prevent flow r e v e r s a l  a t  connect points. The fuel  additive blender  
unit blends fue l  and a h igh-pressure  lubricant additive fo r  turbo-  
pump g e a r c a s e  lubrication. 

jh) E l ec t r i ca l  system.  The engine 
e l ec t r i ca l  s y s t e m  cons i s t s  of ha rnes se s  and hea t e r s ,  a ground box, 
and a n  engine s imulator .  The purpose of the engine e l ec t r i ca l  s y s t e m  
i s  t o  condition the engine, checkout the e l ec t r i ca l  s y s t e m  and the  
engine, and control  engine s t a r t  and cutoff. 

(i) Instrumentation sys tem.  The 
s tandard ins t rumentat ion s y s ~ , . m  cons i s t s  of ins t rumentat ion taps  
located a t  var ious  points throughout the  engine. The taps  a r e  
provided for  instal lat ion of sensing devices which moni tor  the  
per formance  of engine components and subsys tems  during engine 
operation. 

( 3 )  Major design p a r a m e t e r s  and 
-. 

physical  charac te r i s t i cs .  F igu re  3-3  shows the  major  design p a r a -  
m e t e r  s and physical  cha rac t e r i s t i c  s and f igure  3-4 i l l u s t r a t e s  major  
components. 
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2. Approach.  The  p r i m a r y  effort  i s  improving t he  H- 1 
engine, increasir lg the  p resen t  rel iabil i ty,  and investigating m e a n s  
of preventing malfunctions that  could delay launch o r  cause  vehicle 
damage.  It is intended that  the  engine be  mainta ined eas i ly  a t  
min imum cos t  and manpower.  Th i s  effort  wi l l  cons i s t  of t e s t s  and 
ana lyses ,  and redes ign  where  nece s sa ry .  T o  enable any weaknes se s  
found t o  b e  t r a c e d  d i rec t ly  through the  production sys tem,  only 
production-type ha rdware  wi l l  be  used.  Al l  engine rebui ld ing wi l l  
be pe r fo rmed  at MSFC, us ing production line ha rdware .  

T e s t  s tand uti l izat ion wi l l  be  adjus ted as r equ i r ed  t o  
provide  the fac i l i t i e s  n e c e s s a r y  fo r  p r o g r a m  support .  Th i s  adjus t -  
men t  wi l l  sho r t en  ca lendar  t i m e  r equ i r ed  fo r  ha rdware  t es t ing  by 
inc reas ing  faci l i ty  capabity when needed. During t h i s  period,  des ign 
def ic iencies  wi l l  be c o r r e c t e d  and a f o r m a l  qualif icat ion demons t ra t ion  
p r o g r a m  wil l  be  conducted. Product ion engines incorporat ing t he  
l a tes t  f e a tu r e s  wi l l  be used. 

C. J - 2  ENGINE 

1. Descr ip t ion 

a. Development plan. P r e sen t l y ,  the  engine 
development p r o g r a m  h a s  p r o g r e s s e d  through completion of p r e -  
l im ina ry  flight r a t ing  t e s t s ,  the flight ra t ing t e s t s ,  qualif icat ion of 
the  200, 000-pound t h ru s t  engine and t he  qualif icat ion t e s t  s e r i e s  of 
t he  205 /230,  000-pound t h r u s t  engine. Completion of the  qualif icat ion 
r equ i r emen t s  for  the  205/230,000-pound t h ru s t  engine is scheduled 
fo r  Apr i l  1967. Th is  plan p r e sen t s  the  development p r o g r a m  t o  
qualify the  upra ted  205, 000-pounds t h r u s t  a t  a 5 .0  mix tu r e  r a t i o  
with 99 percen t  re l iabi l i ty  a t  a 50 percen t  confidence. Effor t  wi l l  
a l s o  be  d i rec ted  toward demonstra t ion of i nc r ea sed  speci f ic  
impulse  and  t h ru s t  over  that  of the  2051230, 000-pound t h r u s t  engine. 
A production suppor t  p r o g r a m  i s  designed t o  f u rn i sh  vehicle flight 
support .  Product ion suppor t  t i m e  wil l  be  uti l ized between peaks  
t o  make  needed and de s i r ab l e  engine s y s t e m  improvements  and t o  
effect  s impl i f ica t ions  of d i r ec t  benefit t o  the Apollo P r o g r a m .  This  
ef for t  wil l  b r i ng  about simplif ied s ta t i c  t e s t  and launch p rocedu re s  
and  i nc r ea sed  operat ional  and per fo rmance  capabi l i t ies  such  a s :  



o Reduction of redl ine  and operational r e s t r a i n t s  

o Elimination o r  reduction of engine propellant and th rus t  
chamber  conditioning requi rements  

o Improvement  in engine s t a r t  cha rac t e r i s t i c s  and side 
load reductions 

Additionally, the p rog ram will provide for  the  
investigation and conduct of feasibil.ity t e s t s  in a number  of a r e a s  
t o  provide a m o r e  versa t i l e  J-2 propulsion capability. Concepts 
t o  be  investigated a r e :  

o Self-ullaging idle mode of operation with attendant el imination 
of the  presen t  S-IVB stage propellant  ullaging and LOX 
rec i rcu la t ion  s y s t e m  

o Tank head s t a r t  

o A pneumatic logic control s y s t e m  in lieu of the presen t  
e l ec t r i ca l  s y s t e m  

o Propel lant  utilization mix ture  r a t i o  control  s y s t e m  that  
causes  l e s s  th rus t  variat ion than the presen t  oxidizer 
propellant  recyc le  sys t em 

o In-flight deployable nozzle extension sys t ems  usable 
with the  existing S-IVB stage envelope 

o Turbomachinery t o  fur ther  minimize propellant pump 
inlet  requ i rements  and vehicle propellant-conditioning 
s y s t e m s  

o Engine performance l imi t s  of turbomachinery and other 
engine s y s t e m  hardware  

Sea  level  launch operation, injector performance,  
t h r u s t  chamber  performance,  heat t r a n s £  e r ,  stability, ignition, 
aerodynamics ,  and fluid dynamic coupling cha rac t e r i s t i c s  will a l s o  
be investigated.  



(1)  Engine sys tems .  Engine s y s t e m s  develop- 
ment  effort  through 1968 wil l  be expended on the  225K engine and the  
230K engine, and on production suppor t  effort  f o r  the two engines.  
The  production suppor t  effort  i s  d i rec ted  toward  suppor t  of t he  
vehic le  flight and s ta t i c  t e s t  p r o g r a m s  and the investigation of 
engine improvements  which wil l  provide ma jo r  vehicle and opera -  
a t ional  s impl i f ica t ion and addit ional  m i s s ion  capability. 

The  225K engine, which h a s  been  under  
development,  h a s  now completed the  P F R T ,  the  FRT,  and the  
Qualif icat ion p rog rams .  

Engine s y s t e m  development effort  was  
s t a r t e d  on the  230K engine in the  second q u a r t e r  of 1965, and wi l l  
continue into 1967. Cu r r en t  t e s t  effort  i s  or iented toward  verifying 
Qualif icat ion I1 (2 30K) read iness .  The f o r m a l  Qualif icat ion I1 t e s t  
s e r i e s  was  completed on August 22, 1966, in  30 t e s t s  f o r  3807 seconds  
without engine o r  t e s t  fac i l i ty  malfunction. Completion of Qualif ica-  
t ion I1 r equ i r emen t s  i s  scheduled fo r  Apr i l  30, 1967. 

The production suppor t  p r o g r a m  plan i s  
des igned t o  provide engineering support  fo r  the  J - 2  engine in the  
f ield,  and ba sed  upon development and operat ional  exper ience ,  
t o  invest igate  improved  J -2  engine f ea tu r e s  f o r  ma jo r  vehicle and 
operat ional  simplif icat ion and fo r  i nc r ea sed  vehicle m i s s ion  
capabil i t ies.  

As  f ie ld  p rob lems  a r i s e  during the  checkouts,  
s t a t i c  t e s t s ,  and f l ights,  the  p rob lems  wil l  be defined and  evaluated 
and  followed by f i r m  recommenda t ions  fo r  r e  solution. Investigations,  
s y s t e m s  ana lyses ,  l abora to ry  t e s t s ,  r edes ign ,  p rocu remen t  o r  
fabr ica t ion  of prototype hardware ,  component t e s t s ,  and engine 
t e s t s  wi l l  be conducted a s  r equ i r ed  t o  evaluate  t he se  p rob lems .  
A s  new design changes  become effective, coordination of engine 
changes  with the  vehicle con t r ac to r s  (S&ID and BAC) wil l  
be  pe r fo rmed .  P r o c e d u r e s  employed by the vehicle con t rac to r  f o r  
engine checkout of the  vehicle and during s ta t i c  f i r ing  wil l  be rev iewed  
f o r  simplif icat ion.  

Fl ight  data  evaluation wil l  be pe r fo rmed  t o  
de t e rmine  propulsion s y s t e m  operat ing c h a r a c t e r i s t i c s  dur ing flight 
and t o  suppor t  the  vehicle con t rac to r  in the  Fl ight  Evaluation Working 
Group (FEWG). A permanent  m e m b e r  of the FEWG wil l  be 'maintained,  



and the  member  will  par t ic ipate  in a l l  FEWG meetings. The evaluation 
will  include engine or  component t e s t s  neces sa ry  t o  support  the F E W G  
f inal  repor t ,  and t o  substantiate recommendat ions  fo r  subsequent 
vehicle flights. 

In mid-  1964 the  J -2  Exper imenta l  Engine 
P r o g r a m  was  initiated t o  simplify the 5-2 engine s y s t e m  by using 
the  principle of tapping combustion products f r o m  the t h rus t  chamber  
t o  d r ive  the  oxidizer and fue l  turbopumps, thus  rel ieving the gas  
genera tor  and a l l  of i t s  associated controls.  This  engine fea ture  has  
been successfully demonstra ted on a fu l l - sca le  5-2 engine by means  
of engine s y s t e m  testing.  This effort was subsequently d i rec ted  
toward investigation of additional fea tures  which would provide m o r e  
benefits t o  the vehicle and vehicle operational procedures .  The 
following engine s y s t e m  fea tu re s  have been identified a s  being the  
mos t  significant and beneficial  f o r  fu r ther  investigation: 

( a )  Engine idle-mode operation which could 
be uti l ized t o  se t t le  propellants in the vehicle p r io r  t o  r e s t a r t  and 
provide fo r  the  propellant and hardware  conditioning neces sa ry  t o  
achieve a sa t i s fac tory  self-ullaging engine r e s t a r t .  

(b)  A tapoff turbine dr ive  s y s t e m  which pro-  
vides for  engine s y s t e m  and acces so ry  simplifications and reduced 
engine sensit ivity t o  the  wide range  of propellant conditions exper -  
ienced during a self-ullaging engine s t a r t  and r e s t a r t .  

( c )  A th rus t  chamber  configuration which 
would enable a s e a  level  launch capability without the  u se  of s ide- load 
r e s t r a i n e r s  and diffusers.  

(d)  Use of a solid-propellant  turbine spinner  
in  l ieu of a s t a r t  tank. 

These  engine s y s t e m  fea tures  will  be investi-  
gated fu r the r  by means  of engine s y s t e m  t e s t s  t o  demons t ra te  the i r  
pract ical i ty  a s  a portion of the  production support  p rogram.  

The altitude facil i ty a t  Arnold Engineering 
Development Center,  Tullahoma, Tennessee  (AEDC), was act ivated 
in  August 1966 t o  s e r v e  a s  the final  verif ication of engine per formance  
cha rac t e r i s t i c s  a t  altitude and for  s imulated flight environmental  
conditions. The presen t  t e s t  p rog ram i s  designed t o  solve problems 
indicated f r o m  data f r o m  previous flights. 



The single-engine J - 2  t e s t  stand a t  MSFC 
will  a l so  be used t o  the maximum extent possible in the  development 
of the  J - 2  ensginelvehicle system.  This  t e s t  stand will  s e r v e  a s  an  
idea l  t e s t  bed for  confirmation tes t ing of a l l  engine s ta r t ing  and 
operating conditions in conjunction with stage l imit  conditions. 

( 2 )  Thrus t  chamber  assembly.  Effort  will  be 
d i rec ted  toward product development, support  of the  225K and the  
230K engines, and the  flight support  p rogram.  The objectives will  
be t o  support  the  overa l l  engine development p rog ram with suitable 
hardware ;  make  design changes requi red  for  development and applica- 
tion of the  engine a t  t a rge ted  t h rus t  and specific impulse  levels ;  
and demons t ra te  conclusively f r o m  data obtained during tes t ing that  
the  t h rus t  chamber  a s sembl i e s  meet  model specification requi rements .  

Injector design changes will  be evaluated t o  
fu r the r  i nc rea se  the specific impulse.  Thrus t  chamber  changes t o  be  
evaluated a r e  those needed to  re ta in  t h rus t  chamber  rel iabil i ty and 
durabil i ty under the  higher specific impulse and th rus t  conditions. 

(a )  Th rus t  chamber  development. The 
t h r u s t  chamber  development p rog ram will  be p r imar i l y  or iented 
toward solving problems caused by uprating. In addition, those 
s t r u c t u r a l  changes requi red  by the  uprating p r o g r a m  will  be incor -  
porated into the chamber .  

Th rus t  chamber  prob lem a r e a s  concern 
degradation of the tubes  in  the combustion zone by tube spl i ts  a s  a 
r e su l t  of engine s ta l l s  o r  injector streaking.  To  c o r r e c t  th is ,  the  
following m e a s u r e  i s  being taken: An R&D chamber  will  be f i r e d  
with thermocouples  ins ta l led t o  measu re  the  wall  t empera tu re  of 
the  tubes  and, in  addition, with sufficient additional p r e s s u r e  t aps  
t o  de te rmine  the distr ibution of p r e s s u r e  drop  in  the  chamber .  This  
effort  will  furnish fundamental information on the  operation of the  
cooling c i rcui t  and aid in resolving reliabil i ty problems.  

(b) Injector development. The injector 
will  be ref ined to  meet  conditions a s  d i scussed  below: 



An evaluation i s  being made of the 
performance of candidate injector patterns,  including the effects 
of variations of fi lm- coolant quantity and distribution. All candi- 
date injectors  will include a turning vane at  the injector inlet t o  
reduce p res su re  drop, a gap between the injector and chamber t o  
prevent faceplate shrinkage, and modified chamber p res su re  t ap  
purge ar rangements  to  reduce chamber p res su re  measurement  
deviations. 

An injector will be evaluated with the 
foregoing modifications at  uprated thrus t  levels in severa l  R&D 
engines. On the bas is  of these R&D engine t e s t  resul ts ,  it will be 
determined whether the film-cooling modified injector will sat is-  
factorily meet  the requirements.  

An engine stability rating technique 
will be evaluated to  t e s t  the stability of the injector sys tem against 
disturbances c rea ted  by detonation of explosive charges in the 
combustion chamber.  This technique may then be used t o  demonstrate 
the inherent stability of the injection system, and t o  compare the 
stability of the candidate injection systems.  

( 3 )  Gas generator.  Development effort i s  
considered complete on the gas generator.  Hardware inspection 
and data monitoring will be continued on a l l  gas generators,  Fabr ica-  
tion of R&D gas generator hardware to  support turbopump component 
and engine R&D programs will be accomplished. P rocess  specifica- 
tions will be monitored to  verify those c r i t ica l  processes  required t o  
produce consistently acceptable products. 

(4) Fuel  turbopump. .The major  effort remaining , 

in the fuel turbopump program i s  in the flight support program. 

Backup turbine sea l  configurations will be 
tes ted  on flight support engines in those instances in which the flight 
support t e s t  objectives a r e  not compromised. A controlled-gap 
carbon turbine sea l  i s  presently being considered for  evaluation. 

Turbopumps scheduled for  flight support 
engines will be green-run tested in the component facility. 



The bas ic  development p r o g r a m  was  concluded 
upon completion of the  las t  fuel  turbopump miles tones .  

(5) Oxidizer turbopump. Effort  will  be expended 
in  assemblying,  g reen- run  test ing,  and prepar ing turbopump a s sembl i e s  
f o r  engine flight support  test ing.  

Effort  will a l s o  be  expended, a s  required,  t o  
reso lve  oxidizer turbopump problems a r i s ing  during flight tes t ing of 
the  J - 2  engine sys tem.  

Analyses and t e s t  data indicate that  the  thin 
f i r s t - r o w  turbine wheel encounters  a c r i t i c a l  ax ia l  vibration when 
operating a t  the  i nc rea sed  power level. An investigation i s  being 
conducted t o  identify the  vibration mode. S t ra in  gages and the rmo-  
couples have been attached t o  thin and thick f i r s t - row wheels. Testing 
h a s  commenced, utilizing a s l ip-r ing assembly ,  t o  obtain the  operating 
s t r e s s  l eve l s  and t empera tu re  gradients.  Data f r o m  tes t ing the  
thin- wheel configuration a r e  being evaluated. Subsequent tes t ing will  
be  conducted on a thick-wheel assembly ,  with and without the  s ta tor  
ga s  sea l s .  

Inspection of acces so ry  dr ive  quil l  shaf ts  
u sed  i n  the  f ie ld  revea led  rust ing and minor  pitting on the  splines.  
Bench t e s t s  have been conducted on a s tandard and chrome-plated 
shaft. Resu l t s  revea led  the  la t t e r  had a substant ia l  i nc rea se  in  
r e s i s t ance  t o  cor ros ion  over the  s tandard shaft.  Wear cha rac t e r i s t i c s  
a l s o  w e r e  improved. The possibil i ty of conducting additional tes t ing 
on a n  engine i s  being considered.  If th i s  additional tes t ing co r robo ra t e s  
the  r e s u l t s  obtained during the  bench t e s t s ,  the chrome-  plated shaf t  
will  be considered fo r  production a s  a Class  I1 change. 

(6 )  Control  components. Structural ,  v ibrat ional  
and labora tory  flow tes t ing will  be conducted t o  de te rmine  the  opera-  
ting cha rac t e r i s t i c s  of the  controls  hardware  over  the full range  of 
operat ional  conditions with verif ication t e s t s  i n  component pits  and 
on the  engine. This  tes t ing will s e r v e  t o  demons t ra te  that  the  hard-  
w a r e  m e e t s  a l l  requ i rements ,  will  define the  operating marg ins ,  and 
wil l  pe rmi t  the  search ing  for  and identification of p rob lem a r e a s .  
A r e a s  which a r e  included in th i s  t a s k  a r e :  



(a )  Development techniques employing 
engineering logic, computers ,  o r  s imulated sys t ems  t o  a s s i s t  i n  
defining, duplicating, and resolving the conditions occur r ing  on 
engine control  sys tems .  

(b) Study problem a r e a s  and proposed 
solutions t o  specific engine control  problems that  can  be negotiated 
into the  engine and a s sembly  a t  proper  change points. 

(c )  Complete sufficient engine tes t ing of 
redesigned hel ium h igh-pressure  relief valve t o  substantiate p resen-  
tat ion of a n  E C P  by January  1967. The new valve has  been developed 
t o  provide protection f r o m  a tmospher ic  mois ture  and will  a l s o  d e c r e a s e  
the  vibration sensit ivity of the  valve. 

(d) Complete design study of a n  improved 
s t a r t  tank vent and relief  valve incorporating a one-piece guide and 
bolt by January  1967. 

( e )  The design study has  been p repa red  fo r  
a thermos ta t ic  or i f ice  fo r  MOV closing control  t o  reduce  var ia t ions  in  
cutoff impulse .  The previous study revea led  that  r e s t r i c t i ons  within 
the  closing control  s y s t e m  a r e  of such magnitude a s  t o  preclude the  
u se  of a thermos ta t ic  orif ice.  

The following i t e m s  of control  ha rdware  
a r e  within the  Component Qualification P r o g r a m :  

o ::'Main fue l  valve 

o ::Fuel bleed valve 

o :: 'Pressure-actuated purge control  valve 

o ':'AS1 oxidizer valve 

o ::GG propellant  control  valve 

o ::'Fuel pump d ra in  check valve 

':'These components have completed Component Qualification tes t .  



o :::Main oxidizer valve 

o :::Start tank f i l l  and refi l l  package 

o :::Propellant utilization valve 

o ::'Heat exchanger antiflow check valve 

o sGG fuel  purge check valve 

o S t a r t  tank discharge valve 

o ::Oxidizer turbine bypass valve 

o ::'Oxidizer injector purge check valve 

@ ::'Mainstage p r e s s u r e  switch 

o ::'Start tank re f i l l  check valve 

o ::Pressure-actuated shutoff valve 

o Pneumatic  control  package 

o ::'Restrictor check valve (two types)  

o S t a r t  tank vent and relief valve 

o ::'Oxidizer bleed valve 

o ::GG oxidizer purge check valve 

o ::Pump purge check valve 

o ::Oxidizer pump intermediate  s e a l  check valve 

o ::Four -way solenoid valve 

o ::Start tank 

*These components have completed Component Qualification t e s t .  



( 7 )  Interconnect components. The objective of 
the  interconnect components effort i s  t o  develop components that  
comply with the  requi rements  of the  5 - 2  Model Specification. This  
product development effort will continue through the  production support  
p rogram.  

Tes t  p rog rams  will  be designed t o  pe rmi t  
the isolation of operational deficiencies and problem a r e a s .  Configuration 
changes requi red  by fabr icat ion problems,  fo r  the  cor rec t ion  of 
operat ional  deficiencies,  by the cus tomer ,  o r  by other  engine needs,  
will  be  designed, developed, and incorporated into the qualification 
configuration in  accordance with s tandard procedures .  Hardware  
produced f r o m  drawings and p roces s  specifications will  be proven 
by labora tory  and manufacturing effort  t o  meet  qualification r equ i r e -  
ment  s .  

P r o c e s s  specifications will  be developed t o  
define c r i t i c a l  p r o c e s s e s  requir ing s t r i c t  control  t o  produce cons i s -  
tently acceptable end products. Inspection and dissect ion of var ious  
components will  be performed,  and fabr icat ion p roces se s  will  be 
reviewed fo r  compliance with drawings and specifications.  

Engine t e s t  support  effort will  include 
inspection, review, and disposition of engine hardware  and analysis  
of engine t e s t  r e s u l t s  which affect interconnect components hardware.  

(8) E lec t r ica l .  A p r o g r a m  of engine f i r ings  and 
component evaluation tes t ing including s t ruc tura l ,  vibrational, and 
labora tory  checkout tes t ing will be conducted t o  verify the  operating 
cha rac t e r i s t i c s  of the  e l ec t r i ca l  control  a s sembly  (ECA) under 
operat ional  conditions with incorporated E C P  improvements .  This  
t es t ing  will  s e r v e  t o  demons t ra te  that the  ECA m e e t s  a l l  requ i rements ,  
will  define operational marg ins ,  and will permi t  the  isolation, 
identification, and development of designs t o  solve operational 
deficiencies.  

Effort  will  be d i rec ted  toward ( a )  investigating 
the  environmental  effects of an  increased-per formance  engine on the  
engine e l ec t r i ca l  sys tem,  and (b) performing intensive tes t ing t o  demon- 
s t r a t e  adequate confidence fo r  the life requi rement  of the engine. 



The following electr ical  i tems a r e  within the 
Component Qualification P r o g r a m  and have successfully completed 
the t e s t  s e r i e s :  

( a )  Electr ical  controls assembly 

(b) Electr ical  harness  assembly 

( c )  Ignition-detection probe 

( 9 )  Flight instrumentation. A program of engine 
and laboratory testing will be conducted for  the improved p res su re  
t r ansduce r s  and the hot-gas tempera ture  t ransducers .  The pa ramete r s  
which must  be met  in this  program a r e  established by the model 
specification and supplemental requirements  established by the 
Design Requirements Specification. This testing will s e rve  t o  demon- 
s t r a t e  that these components meet  a l l  requirements ,  define operating 
margins,  aid in the searching out and identification of operational 
deficiencies, and verify redesigns for these conditions. 

(a)  The following t e s t  requirements  exist  
for  each of the above-mentioned components: 

1. P r e s s u r e  t ransducers .  Conduct 
engine t e s t s  and evaluate the high- reliabili ty p res su re  t r ansduce r s  
for extended- life capability. 

2. Temperature t ransducer .  Evaluate - 
replacement of fine-gage wire  in hot-gas tempera ture  t ransducer  for 
increased  physical strength and fas te r  t ime response. An R & D  te s t  
p rogram has been initiated to  improve the reliability of this  unit. 

(b)  The following flight instrumentation i tems 
a r e  within the Component Qualification P r o g r a m  and have successfully 
completed the t e s t  s e r i e s :  

1. P r i m a r y  flight instrumentation - 
package 

2. Auxiliary flight instrumentation - 
package 



3. Fue l  f lowmeter  - 

4. Oxidizer f lowmeter  - 

5. Surface  t e m p e r a t u r e  t r a n s d u c e r  - 

6. Hot-gas t e m p e r a t u r e  t r a n s d u c e r  - 

7. Fue l  t e m p e r a t u r e  t r a n s d u c e r  - 

( 10) Ground support  equipment. Engine ground 
suppor t  equipment (GSE) i s  government furnished t o  s tage  con t r ac to r s  
ut i l izing the J- 2 engirie s y s t e m  and t o  engine maintenance f ie ld  s e r v i c e  
personnel .  

Engine GSE i s  divided into t h r e e  ma in  ca te -  
gor ies :  engine checkout equipment,  engine handling equipment,  and 
engine maintenance equipment:  

(a)  Engine checkout equipment.  Th i s  equip- 
ment  cons i s t s  of i t e m s  such a s  the  E l ec t r i c a l  Checkout Console 
Assemb ly  ( P I N  G1037), and the  Bypass  Valve Actuation P l a t e  Kit,  
( P I N  90 1672 3). Checkout equipment i s  u sed  f o r  receiving inspect ion 
of the  engine and  for s epa ra t e  engine s y s t e m  o r  component checkout. 

(b)  Engine handling equipment. Consis t  E; 
of i t e m s  such a s  the Engine Ver t ica l  Ins ta l ler  Assembly ,  (P IN G4035), 
Engine Handler  Assembly  ( P I N  G4046). Th i s  equipment i s  u sed  f o r  
engine s tage  instal lat ion,  engine handling, and engine component 
handling. 

( c )  Engine maintenance equipment. Th i s  
equipment cons i s t s  of i t e m s  such a s  the Automatic A r c  Welding Set, 
( P / N  G3 128), and the Main Propel lant  Valves Maintenance Set  ( P I N  
902097), and is used  by Rocketdyne f ield s e r v i c e  personne l  f o r  
engine maintenance.  

Ground suppor t  equipment i s  outl ined in  
~ o c k e t d ~ n e  1 ~ e ~ o 1 - t  R-5334,  5-2 Engine GSE Support Plan.  



b. Flight Objectives 

( 1 )  Sa tu rn  IBIS-IVB stage.  The  p r i m a r y  
objective of the  5-2 engine on the  Sa tu rn  IB vehicle f l ights i s  t o  
provide t h r u s t  n e c e s s a r y  fo r  the S-IVB s tage and a t tached payload 
t o  s imula te  lunar  r e t u r n  and r e - en t r l -  conditions. 

(2 )  Sa tu rn  V/S-IVB stage.  P r i m a r y  engine 
object ives  on Sa turn  V vehicle flights a r e  t o  provide t he  n e c e s s a r y  
t h r u s t  f o r  the  S-IVB s tage and a t tached payload t o  accomplish  d e s i r e d  
e a r t h  parking orbi t ,  t o  r e s t a r t  the engine in that  orbi t ,  and t o  ~ r o v i d e  
the  t h ru s t  r equ i r ed  fo r  lunar t r a j e c to ry .  

( 3 )  Sa tu rn  v/S-IT s tage .  The  p r i m a r y  5-2 engine 
objective on the S-I1 s tage  flights i s  t o  provide the  t h ru s t  needed t o  
a s s i s t  the  S-IVB s tage  and payload into e a r t h  orbi t .  

c. Exis t ing engine descr ip t ion.  The 5-2  rocke t  
engine i s  a n  advanced,  high-perf  o rmance ,  mult iple r e  s t a r t  engine 
uti l izing liquid oxygen and liquid hydrogen a s  propel lants .  It i s  
des igned t o  be u sed  in c l u s t e r  o r  singly. 

Design f ea tu r e s  incorpora te  a s ingle- tubular-wal l ,  
non-opt imum bel l -shaped t h ru s t  chamber ,  and independently d r iven  
d i r ec t  -d r ive  turbopumps fo r  liquid oxygen and liquid hydrogen.  A 
single ga s  genera to r  ut i l izing the  s a m e  propel lants  a s  the ma in  t h ru s t  
chambe r  powers  both turbopumps.  The  exhaust  g a s e s  f r o m  the  ga s  
genera to r  a r e  d i r ec t ed  t o  the inlet  of the  fuel  turbopump tu rb ine  and 
t he  exhaust  g a s e s  of the fue l  turbopump tu rb ine  a r e  ducted t o  the 
inlet  of the  oxidizer  turbopump turbine ,  thus  c rea t ing  a power s e r i e s  
tha t  al lows each  turbopump t o  opera te  at i t s  mos t  favorab le  speed.  

Liquid hydrogen, liquid oxygen, and he l ium a r e  
the  only f luids used. No lubr ican t s  o r  o ther  f luids which could f r e e z e  
at the  ex t r eme ly  low operat ing t e m p e r a t u r e s  a r e  u sed  in th i s  engine. 

An e l ec t r i c a l  control  s y s t e m  which contains 
so l id - s ta te  logic e lements  i s  u sed  t o  sequence the  s t a r t  and shutdown 
opera t ions  of the  engine. 

Flexible  inlet  bellows a r e  provided fo r  engine 
s y s t e m  gimbaling. A gimbal block 1s ins ta l led  at  the  cen te r  of the  
t h r u s t  chamber  dome, and gimbal ac tua to r  a t t ach  points a r e  incor -  
porated into engine design.  

3-41 
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1 M A I N  FUEL VALVE 

2 GAS GENERATOR 

3 FUEL 3LEED VALVE 

4 M A I N  OXIDIZER VALVE 

5 FUEL INLEX DUCT 

6 FUELTURBOPUMP 

7 TURSINE BYPASS DUCT 

8 O X I D I Z E R T U R B I N E B Y P A S S V A L V E  

Figure  3-6. J - 2  Engine Components (Sheet 2 of 2)  
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A high-speed, direct-dr ive power takeoff i s  
provided a t  the liquid oxygen turbine for  accessory  operations. 

Propellant utilization i s  accomplished by by- 
passing liquid oxygen f r o m  the discharge side of the pump t o  the inlet 
side through a valve controlled by a sma~l l  servometer .  

A heat exchanger, located in the oxidizer pump 
turbine exhaust duct, provides for  pressurizat ion of the vehicle 
oxidizer tank. Vehicle supplied helium or oxygen tapped f r o m  the 
h igh-pressure  duct, may be used for oxidizer tank pressurization. 
Gaseous hydrogen f r o m  the thrust  chamber fuel manifold i s  used 
for fuel  tank pressurization. 

Welded joints a r e  used t o  minimize leaks to  
improve reliability. Dual seals  incorporated on intermediate bleed 
f r o m  the low-pressure s ide ,a re  utilized where sea ls  a r e  necessary.  

Flight instrumentation packages a r e  mounted on 
the engine to  monitor operation and supply vehicle data through cus-  
tomer  connections. 

Major component assemblies  composing the 5 -2  
engine a r e  given in the following paragraphs.  Figure 3-5 outlines 
engine data and figure 3- 6 i l lustrates  component locations. 

(1) Thrust  chamber.  The thrus t  chamber 
includes a body and an injector. The purpose of the thrust  chamber 
i s  t o  receive liquid propellants under turbopump pressure ,  convert 
t hem t o  a gaseous state,  mix  and burn them, and impar t  a high 
velocity t o  the expelled combusti on gases  to  produce thrust.  
Subassemblies of the thrus t  chamber a r e  the thrust  chamber body 
and the injector.  

The thrus t  chamber body i s  a tubular-wall, 
non-optimum, bell- shaped thrust  chamber,  consisting of a cylindrical 
section where combustion occurs,  a narrowing throat  section, and 
an  expansion section. 

The thrus t  chamber injector i s  a concentric 
orifice,  a porous-faced injector manufactured f r o m  a rough-die forging. 



( 2 )  Gimbal. The gimbal i s  essent ia l ly  a un iversa l  
joint consist ing of a spher ica l  socket-type bear ing with a Teflon- 
F ibe rg l a s  composition coating that  provides a d ry-  low-frict ion bear ing 
surface.  Gimbaling i s  7 -degrees  l imit  without snubbing; 7 -degree  
square  pa t te rn  with snubbing, and 10-degrees  approximately in  co rne r s .  

( 3 )  Augmented spa rk  igniter .  The augmented 
spa rk  igni ter  i s  chamber  mounted in the injector.  It r ece ives  ini t ia l  
flow of oxidizer and fuel  which a r e  ignited by means  of two s p a r k  
plugs side-mounted in  the  igniter  chamber .  

(4) Augmented s p a r k  igniter  oxidizer valve. The 
augmented s p a r k  igniter  oxidizer valve i s  a normal ly  closed,  pneumatic 
operated,  poppet valve. The valve i s  designed t o  control  oxidizer flow 
t o  the  s p a r k  igniter  and i s  main  oxidizer valve mounted. 

(5) Augmented spa rk  igniter  ignition monitor.  
The augmented s p a r k  igniter ignition monitor i s  a link-type detector  
unit ins ta l led in  the  augmented s p a r k  igniter .  It i s  used t o  detect  
ignition in  the  augmented spa rk  igniter  combustion zone. 

( 6 )  Oxidizer turbopump. The oxidizer turbo-  
pump i s  a single s tage centrifugal pump with d i rec t  turbine drive.  
It i s  self- lubricated,  self-cooled, and designed t o  i nc rea se  the  p r e s s u r e  
and propel  the  liquid oxygen through h igh-pressure  ducts t o  the  t h rus t  
chamber .  

(7) F u e l  turbopump. The fue l  turbopump i s  a 
turbine-dr iven,  axial-flow, pumping unit consist ing of an  inducer,  
a seven-s tage ro tor  and a s ta to r  assembly .  It i s  a self-lubricated,  
high-speed pump and i s  designed t o  i nc rea se  hydrogen p r e s s u r e  and 
propel  the  fluid through h igh-pressure  ducting t o  the  t h rus t  chamber .  

(8)  Main oxidizer valve. The main  oxidizer 
valve i s  a gate-type valve, spr ing loaded t o  the  c losed position, and 
i s  pneumatically operated t o  the  open and closed position. The main 
oxidizer valve function i s  t o  control  flow t o  the t h rus t  chamber.  



(a) Main oxidizer pressure-actuated control 
valve. The main oxidizer pressure-actuated control valve i s  a 
multiported valve requiring a p res su re  s ource for  actuation. Outlet 
por t s  a r e  spring loaded in the closed position. The purpose of the 
valve i s  t o  supply control p res su res  for opening or closing engine 
sys tem valves. 

(10)  Main fuel valve. The main fuel valve i s  a 
gate-type valve, spring loaded to  the closed position, and pneurratically 
operated t o  the open and closed positions. The purpose of the main 
fuel valve i s  t o  control fuel flow to  the thrust  chamber assembly. 

( 1  1) Oxidizer dome purge check valve. The 
oxidizer dome purge check valve i s  a spring loaded, normally closed, 
poppet check valve and i s  located on the main oxidizer valve. The 
purpose of the valve i s  t o  prevent oxidizer f r o m  flowing to the 
helium regulator . 

(12) Gas generator assembly. The gas generator 
consisting of a combustor body, injector,  and a control valve containing 
oxidizer and fuel poppets and two spare  igniters,  produces the hot gas  
t o  dr ive the fuel turbine which, in turn,  supplies propellant pumps 
operating power. 

(13) Gas generator control valve. The gas 
generator contr 01 valve i s  a pneumatically operated, spring loaded 
to  the closed position, poppet valve. The oxidizer and fuel poppets 
a r e  mechanically linked by an actuator. The purpose of the gas 
generator control valve i s  t o  control the flow of propellants through 
the gas generator.  

( 14) Heat exchanger. The heat exchanger i s  a 
shel l  assembly, consisting of a duct, bellows, flanges, and coils. 
The heat exchanger i s  mounted in the turbine exhaust duct between 
the oxidizer turbopump and the thrust  chamber.  Its function i s  t o  
heat and expand helium gas o r  to  convert liquid oxygen to  gaseous 
oxygen for  maintaining vehicle oxidizer tank pressurization. 

( 15) Oxidizer turbine bypass valve. The oxidizer 
turbine bypass valve i s  a normally open, spring loaded gate valve. 
It i s  mounted in the oxidizer turbine bypass duct. The purpose of the 
valve i s  t o  prevent an  overspeed condition of the oxidizer turbopump. 



( 16) Propellant utilization valve. The propellant 
utilization valve i s  an electrically operated, two-phase, motor - driven, 
oxidizer t ransfer  valve and i s  located a t  the oxidizer pump outlet volute. 
The propellant utilization valve insures  the simultaneous exhaustion 
of the contents of the propellant tanks contents and var ies  engine 
mixture ratio.  

( 17)  Oxidizer and fuel flowmeters.  The oxidizer 
and fuel flowmeter s a r e  identical helical- vaned, rotor  -type fiowmeter s ,  
except that the oxidizer flowmeter uses  a six-vane rotor  and the fuel 
flowmeter uses  a four-vane rotor .  The flowmeters a r e  calibrated 
and a r e  located in the oxidizer and fuel high-pressure ducts to  
measure  flow ra tes .  

(18) Star t  tank discharge valve. The s t a r t  tank 
discharge valve i s  a pneumatically controlled, spring loaded in the 
closed position, poppet valve. The purpose of the valve i s  t o  contain 
the gaseous hydrogen in the s t a r t  tank until engine s tar t .  The valve 
i s  mounted on the s t a r t  tank. 

( 19) Turbopump purge check valves. The turbo- 
pump purge check valves a r e  poppet-type, spring loaded in the closed 
position, valves. The check valves a r e  installed in the customer 
connect fuel pump turbine sea l  cavity, oxidizer pump turbine sea l  
cavity, and fuel sea l  cavity purge lines. The purpose of the check 
valves i s  t o  prevent back p res su re  f r o m  flowing through the purge 
line into the vehicle p r e s s u r e  sys tem during engine firing. 

(20 )  Turbopump bleed check valve. The turbopump 
bleed check valve i s  a poppet-type, spring loaded in the closed 
position valve. It i s  installed in the customer connect bleed line of 
the fuel turbopump. The purpose of the valve i s  t o  ensure that a 
des i red  p res su re  i s  retained in the sea l  cavity. 

(2 1) Start  tank vent and relief valve. The s t a r t  
tank vent and relief valve i s  a spring loaded, ball  seal-type relief 
valve cilld i s  mounted to  a manifold on the hydrogen s t a r t  tank. The 
purpose of the relief valve i s  t o  prevent over-pressurizat ion of the 
s t a r t  tank. 



(22) S ta r t  tank discharge valve check valve. 
The s t a r t  tank d i scharge  valve check valve i s  a spr ing loaded, 
gate-type check valve. It i s  mounted a t  the  s t a r t  tank d i scharge  
valve outlet port .  The check valve functions t o  prevent combustion 
products f r o m  the gas  generator  f r o m  contacting the  s t a r t  tank 
d i scharge  valve poppet. 

(23) S ta r t  tank f i l l  package. The s t a r t  tank f i l l  
.ckage cons i s t s  of two poppet-type check valves. One valve allows 

hydrogen flow f r o m  a ground source  t o  the s t a r t  tank and the  other 
allows pressur iz ing  f r o m  a tapoff a t  the  th rus t  chamber  fuel  injection 
manifold during engine operation. 

(24)  Helium f i l l  check valve. The helium f i l l  
check valve i s  a poppet-type, spr ing loaded in  the  c losed position, 
f i l l  and check valve and i s  mounted on the  s t a r t  tank. The purpose 
of the  hel ium f i l l  check valve i s  t o  prevent loss  of helium f r o m  the 
helium tank when the ground loading s y s t e m  i s  disconnected. 

(25) High-pressure  relief valve. The high- 
p r e s s u r e  rel ief  valve i s  a spr ing-  loaded, ball-type, rel ief  valve. 
The relief  valve i s  mounted t o  the  pneumatic control  package and 
bleeds  off excess ive  p re s su re .  

(26) Four -way  solenoid control  valve. The four -  
way solenoid control  valve i s  an  e lectr ical ly  operated,  d i r ec t  acting 
solenoid valve in which the  opening and closing functions a r e  actuated 
by the  valve solenoid. The por t s  a r e  a r r anged  s o  that  one i s  venting 
while the  other  i s  p ressur iz ing .  The purpose of the  four-way control  
valve i s  t o  control  pneumatically operated valves.  

(27) Pneumatic control  package. The pneumatic 
control  package i s  a combination of two regulator  a s sembl i e s ,  two 
relief  valves,  a n  actuator  assembly,  a s e r i e s  of solenoid valves,  and 
a f i l t e r  unit. The purpose of the  pneumatic control  package i s  t o  
control  helium gas  flow to  the engine components. 

(28) E l ec t r i ca l  control  package. The e l ec t r i ca l  
control  package i s  a scaled,  dome shaped, p r e s su r i zed  control  
assembly ,  and contains s p a r k  exc i te r s  and a sequence control ler  
which cons i s t s  of solid s ta te  module assembl ies .  The purpose of 
the  e l ec t r i ca l  control  package i s  t o  control  the  propulsion system.  



(29)  Accessory  dr ive  pad. An acces so ry  dr ive  
pad i s  located on the  turbine exhaust manifold a t  the  oxidizer turbopump. 
The a c c e s s o r y  i s  t o  be connected direct ly  t o  the  turbine shaft by a 
quil l  shaft. The  engine i s  del ivered with the acces so ry  pad blanked-off 
and the  quil l  shaft packaged separate ly .  

2. Approach 

The technical  development plan, descr ibed  in the 
ini t ia l  paragraph  of th is  Section C i s  implemented p r imar i l y  through 
engine s y s t e m  testing,  component development and test ing,  and 
fac i l i t i es  and spec ia l  t e s t  equipment utilization. 

D. SPACE ENGINES 

1. S-IVB Ullage Engines 

a.  Description.  The S-IVB ullage engine qualif ica- 
tion plan i s  d i rec ted  toward insur ing the  operational capabil i t ies of the  
Gemini 100-pound th rus t  orbi t  and maneuver s y s t e m  engine when 
exposed t o  conditions that  a r e  peculiar  t o  the S-IVB and t o  which the  
engine h a s  not been exposed during previous test ing.  The MSFC 
qualification p r o g r a m  will  utilize four engines. The t e s t s  scheduled 
a r e  shown in the  following table. 

ENGINE NO. TEST SCHEDULED 

1 S-IVB miss ion  duty cycle 
2 S-IVB miss ion  duty cycle a t  150°F. P r e s o a k  of 

engine with hot propellants 
S-IVB miss ion  duty cycle t o  catas t rophic  fa i lu re  

3 Determine per formance  a t  off-l imits conditions 
Hot f i r e  bu r s t  p r e s s u r e  tes t ing a t  400 ps i  

4 Vibration 
Shock 
S-IVB miss ion duty cycle t o  catas t rophic  fa i lu re  
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b. Gemini engine description. The SE-7 100-pound 
thrust ,  orbit  attitude and maneuver sys tem engine i s  a storable liquid, 
bipropellant, pressure-fed,  ablation- cooled assembly. It i s  used in the 
orbit  attitude and maneuver sys tem for  horizontal and vert ical  t r a n s -  
lational maneuver control of the Gemini spacecraft .  Thrust  level and 
bipropellant valve ra t io  a r e  controlled by fixed orifices located a t  the 
propellant valve inlets. The propellants utilized a r e  nitrogen tetroxide 
a s  the oxidizer and monomethylhydrazine a s  the fuel. 

The thrust  chamber body i s  made in tl ,o segments;  
the combustion zone segment and the nozzle segment. The combustion 
zone segment i s  fabricated f r o m  6-degree oriented (referenced t o  
engine center line) high- silica, resin-  impr egnated ablative mater ial .  
The nozzle segment i s  fabricated f r o m  0-degree oriented (paral le l  t o  
the engine center  line), resin- impr egnated, high- s i l ica  fiber cloth. In 
addition, the thrust  chamber body i s  wrapped with a layer of phenolic- 
bonded asbestos  fiber to  provide additional heat res i s tance  and sealing 
capabilities. The bond line between the combustion chamber segment 
and the nozzle segment i s  located in a low-pressure,  low-s t ress  a r e a  
aft of the throat inser t .  Structural  support for  the thrus t  chamber 
body assembly i s  provided by al ternate  layers  of high-temperature 
high-strength glass  cloth and filament-wound glass  roving, bonded by 
phenolic res in .  Additional layers  of glass  roving provide added 
strength in the injector attach and throat a reas .  The thrust  chamber 
body i s  encased in a stainless s tee l  shell  t o  provide a positive sea l  
between the thrust  chamber and the spacecraft .  The engine combus- 
tion chamber contains a one-piece JTA graphite l iner.  A throat  
inser t  of solid sil ica carbide i s  used to  r e s i s t  the erosive effects 
of the combustion gases.  The thrust  chamber injector i s  fabricated 
f r o m  stainless  steel.  It consists of 16 pieces of unlike doublets 
which impinge on a splash plate providing propellant mixing for 
high combustion efficiency. 

Engine operation i s  controlled by two fast-acting 
electrically-operated solenoid propellant valves. These a r e  attached 
to  a mounting bracket which in turn  i s  attached to  the injector plate. 
The basic  propellant valve design embodies a hermetically sealed 
solenoid. Valve sealing i s  accomplished through the use of a p re -  
cision ground ball, attached to  the a rmature ,  which r e s t s  on a Teflon 
seat  in the closed position. A metal  stop below the Teflon seat  i s  
incorporated t o  l imit  the a rma tu re  stroke. Closing i s  accomplished 
through the use of a spring, and sealing force  i s  obtained f r o m  the 
spring and the p res su re  of propellant acting on the ball. 
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c. S-IVB Ullage and Gemini engine comparison. 
The following table compares  the Gemini and S-IVB ullage engine 
applications : 

PARAMETERS GEMINI S - IVB 

Chamber P r e s s u r e  
Supply P r  e s su re  
Chamber Tap 
Thrus t  
Cumulative On- Time 
Propellant Inlet Fitting 
Vibration 
O / F  Ratio 

150 psia 100 psia 
300 psia 195 psia 
Sealed Open 
95 lb. 72 lb. 
557 sec.  454 sec.  
Tube Stubs Right Angle 
Random only Random & Sinusoidal 
1.2 1 .2  

F igure  3-7 gives an overall  view of the Gemini engine for  S-IVB 
application. 

2. C- 1 Engine 

a, Description. The C- 1 Engine i s  an 80 t o  100- 
pound fixed thrust ,  p re s su re  fed, bipropellant engine capable of 
delivering steady s tate  o r  pulse mode thrust.  The engine consis ts  
of a basic  engine and. an ablative or radiation nozzle extension. By 
combining various nozzle extensions with the basic  engine, the 
flight engines a r e  able to  meet  the installation and performance requi re-  
ments of var ious vehicles. Shown in figure 3-8 a r e  the major  design 
pa ramete r s  fo r  the C- 1 Engine. 

As shown in figure 3-'8, the basic engine consis ts  
of a thrus t  chamber-injector assembly and a propellant control 
valve. The propellant control valve i s  either a linked bipropellant 
valve or  a ser ies -para l le l  quadredundant valve. The la t ter  may be 
used a s  an al ternate  for  the S-IVB application; both valves a r e  fully 
interchangeable. 

The thrust  chamber-injector assembly employs 
a combination radiation and r egeneratively cooled combustion chamber 
(Radiamic) and a full  diameter  vortex injector. The regenerative 
jackets and the outer jacket f o r m  the basic s t ruc ture  of the engine 
to  which the other par t s  of the engine are .assembled.  



Interchangeable ablative and radiation nozzle 
extensions a r e  provided to  accommodate the  var ious  installat ions.  
Propel lant  or i f ices  a r e  provided t o  obtain t h rus t  levels  f r o m  80 
t o  100 pounds. 

The basic  engine i s  designed fo r  operation 
with ni t rogen te t roxide ( N  0 ) and ei ther  monomethylhydrazine 
(MMH) o r  a 501 50 mix ture  o 4 unsymmetr ica l  dimethylhydrazine. 

b. Technical  approach.  The Phase  I1 R&D P r o g r a m  
i s  composed of s e v e r a l  major  blocks of work. 

The init ial  s tep  of the Phase  I1 P r o g r a m  i s  the  
prototype development activity. Following attainment of the  p r i m a r y  
objectives of th is  work, the  flight engine design will  be r e l ea sed  in  
two steps.  The ini t ia l  s t ep  will  be the Block I flight design r e l ea se .  
Re lease  of th is  design will permi t  evaluation of the  flight engine 
configuration concur ren t  with the  final  over lapping phases  of the  
prototype engine development. The second s t ep  in  the  flight design 
development will  be r e l ea se  of the Block I1 design a t  the  completion 
of the  prototype development. This  two- s tep  r e l e a s e  pe rmi t s  opt imum 
advantage t o  be taken of a l l  available engine evaluation experience.  
The Block I1 flight engine development will emphasize  the  S /M-LEM 
configuration in o rde r  t o  pe rmi t  a Flight Readiness  Demonstra t ion 
t o  be completed during the fifteenth p rog ram month, thereby  making 
the C- 1 engine available fo r  ea r ly  flight use ,  if required.  P a r a l l e l  
with flight engine development, simulated engine-propellant supply 
s y s t e m  ( C / M  and S/M) t e s t s  will be conducted t o  de te rmine  com- 
patibility of the  flight engine with flight sys tems .  Also included 
in flight engine development i s  marg in  l imit  tes t ing of the  flight 
engine. This  t a s k  will  be conducted t o  provide a f i r m  baseline fo r  
the r e l e a s e  of the  qualification engine design. F o r m a l  qualification 
will  s t a r t  with component test ing and will be concluded a t  the  end of 
the  twenty-f i rs t  month. Margin l imit  tes t ing of the  qualification 
engine i s  scheduled for  approximately t h r ee  months and will  be 
conducted in  para l le l  with the f o r m a l  qualification program.  

Detai ls  on the  var ious  blocks of work leading t o  qualification of the  
C- 1 engine a r e  a s  follows: 



( 1) Prototype development. Prototype develop- 
ment  ha s  an  ini t ia l  goal  of meeting a s e t  of technical  objectives that  
will  allow the  ea r l i e s t  possible r e l e a s e  of a Block I flight engine design. 
The final  phases  of the  prototype development p rog ram a r e  intended 
t o  re f ine  and cha rac t e r i ze  the engine design and will  be per formed 
following the  Block I flight engine design re lease .  These investiga- 
t ions  will  include: a low volume injector fo r  increasing the  pulsing 
specif ic  impulse ,  a Rokided l iner- injector  in te r face  for  g r ea t e r  
t h e r m a l  marg in  by reducing the heat  t r ans fe r  t o  the injector f r o m  
the  l iner ,  a conductive gasket between the jacket and the  injector 
t o  i nc rea se  the  t h e r m a l  marg in  during steady s ta te  operation, a 1 5 "  
w r a p  sho r t  r o l l  and long ro l l  nozzle extension to  prevent  delamination 
and glassing,  and recons t ruc ted  C /M nozzles t o  i nc rea se  specific 
impulse  and flight or i f ices  in tegral  with the  engine. 

Analytical  tools  will  be used  t o  es tabl ish  
c r i t i c a l  operating r eg imes  and t o  a s s u r e  hardware  designs  capable 
of the  operation throughout the  range of na tura l  and induced environ- 
ments .  Subsequent evaluation of the  components will  be made t o  
obtai'n deta i l  design information on individual par t s ,  t o  provide data 
on t he i r  operational cha rac t e r i s t i c s  in  confirmation of the  analyses ,  
and f o r  a s e  in the  subsys tem and integrated engine design and 
development. These  evaluations will  include a n  a s s e s s m e n t  of 
effects of combined s t r e s s e s  and will de te rmine  operational consistency,  
piece-to-piece and operation-to-operation.  

( 2 )  Flight engine development. The development 
of the  C- 1 Flight Engine i s  an  integration of the components developed 
a s  a pa r t  of the  work  d i scussed  in  the  prototype development section. 
Design ref inements  of the  bas ic  prototype engine will  be made a s  
requi red ,  based  on the  operational exper ience obtained. Effort  
will  a l s o  be d i rec ted  toward developing additional a r e a s  of pe r fo rm-  
ance  and operat ional  improvement  requi red  t o  meet  the  engine design 
goals by the Contract  End I tem (CEI) Specification. 

This  phase of the  p r o g r a m  will  be initiated 
by r e l e a s e  of the  Block I flight engine design and will continue unti l  
Block I1 flight engine development i s  completed. The flight engine 
development p r o g r a m  will: ( a )  provide the  ref inement  in engine 
design r equ i r ed  f o r  commitment  of qualification engine fabrication,  
(b) provide t e s t  demonstra t ions  requi red  a s  pa r t  of the  re l iabi l i ty  
a s s e s s m e n t ,  and (c )  provide a Flight Readiness  Demonstration for  



t he  S /M-LEM Configuration which will m e a s u r e  design matur i ty  i n  
t e r m s  of read iness  fo r  command flight usage,  and (d) provide addi- 
t ional  development a f te r  the  qualification design r e l e a s e  t o  optimize 
the  design, par t icular ly  in the  a r e a  of i nc rea sed  design marg ins .  

The flight engine development i s  subdivided 
into two closely  a l l ied effor ts :  (a )  development of the  basic  engine 
a s sembled  with bipropellant valves utilizing MMH and 5 0 1 5 0  
a s  fue l  and (b) development of the bas ic  engine utilizing quadredundant 
propellant  valves with MMH fuel. 

This  effort i s  planned in a manner  which 
provides ini t ia l  emphasis  on meeting the  performance and operational 
r equ i r emen t s  of the  engine. The fabr icat ion of engines t o  support  
the  effort  i s  scheduled in  a manner  which will permi t  modification 
t o  be phased into new engines a s  ref inements  a r e  developed. 

The development begins with duty cycle 
evaluation t e s t s  t o  es tabl ish  sat isfactory operation under ac tua l  
mi s s ion  conditions. Evaluation will  continue t o  a s s e s s  operation 
under a l l  of the  environmental  and operational conditions imposed 
by the  var ious  applications. Subsequently, the  engines will  be 
subjected t o  a s e r i e s  of t e s t s  which provide a r e h e a r s a l  fo r  the  
f o r m a l  qualification demonstration.  These  t e s t s  include a design 
matur i ty  demonstra t ion which i s  one of the incentive plan schedule 
miles tones .  The Flight Readiness Demonstration of the  S /M-  LEM 
engine i s  scheduled a s  pa r t  of th i s  t e s t  s e r i e s .  These t e s t s  s e r v e  
t o  e n s u r e  that  the  engine will  m e e t  the  qualification requi rements  
and will  pe rmi t  qualification t e s t  p rocedures  t o  be  es tabl ished 
under l e s s  f o r m a l  t e s t  conditions. The f inal  phase of engine develop- 
ment  runs  concurrent ly  with qualification engine f a b ~ i c a t i o n .  This  
effort will  develop methods of extending the  design marg ins  i n  any 
a r e a  where  marg ina l  specification compliance has  been indicated. 

Engine operation during th i s  t a s k  will  
provide t he  major  pa r t  of the  flight engine reliabil i ty demonstration.  
In o rde r  t o  provide the requi red  reliabil i ty data,  s tandard duty 
cycles  a r e  t o  be  used fo r  the  major i ty  of the  t e s t  evaluations. 

(3) Flight engine marg in  l imit  test ing.  These  
t e s t s  a r e  intended t o  demons t ra te  the  marg ins  inherent in  the  
Block I engine and the  matured  Block 11 flight engine design. The 



p r o g r a m  employs : (a )  s ta t is t ical ly  designed exper iments  t o  obtain 
the maximum amount of data  on the  operating cha rac t e r i s t i c s  
under combined conditions, and (b) durabil i ty t e s t s  t o  de te rmine  
cycle life and engine fa i lu re  l imits .  

(4) Simulated vehicle-engine s y s t e m  testing.  
The ma jo r  work  i t ems  in  the  s y s t e m  development of the C- 1 engine 
a r e  t o  analytically evaluate C- 1 engine operation in  conjunction with 
the  var ious  spacecraf t  sys tems ,  and to  confi rm these  analyses  w:th 
engine f i r ings ,  using s imulated Service  Module and Command 
Module propellant  feed sys tems .  The sys t em work s t a r t s  with the 
analyt ical  study of both engine and system,  using mathemat ica l  
models  t o  de te rmine  the i r  in terface compatibility. The mathematical  
model  will  be developed in  accordance with requi rements  defined 
in  the  Contract  End I t em (CEI) and the  Scope of Work in  the  contract .  
The dynamic cha rac t e r i s t i c s  of the s y s t e m  ve r sus  engine and engine 
v e r s u s  s y s t e m  interact ions  will be studied. This  analysis  will  
conclude with the  definition of engine operating l imits ,  the  de t e r -  
mination of engine performance a t  these  l imits ,  and the  es tabl ish-  
ment  of propellant  supply t empera tu re  and p r e s s u r e  conditions a t  
which the  engine will  operate  with specification performance r equ i r e -  
ments .  

The planned tes t ing uti l izes t e s t  run  
prof i les  der ived  f r o m  the applicable duty cycle. The type of 
tes t ing includes:  

( a )  Dynamic compatibility t e s t s  which a r e  
specifically designed t o  investigate engine/ s y s t e m  interactions.  

(b) Mission simulation compatibility t e s t s  
which will  demons t ra te  engine lsys tem operation in  duty cycles  
represen ta t ive  of ac tua l  usage. 

( c )  Malfunction t e s t s  during which both 
engine and s y s t e m  component malfunctions a r e  simulated.  

(d) Operating l imit  t e s t s  which will  demon- 
s t r a t e  operat ion a t  the  wors t  '!off normal" conditions of propellant  
supply p r e s s u r e ,  propellant  t empera ture ,  supply voltage, and helium 
sa tura ted  propellants.  



(5) Qualification. Qualification and Tes t  Plan 
Specification will be used in the conduct of the qualification tests .  
This plan will descr ibe in detail  the requirements  and conditions of 
each t e s t  and shal l  include schematic drawings and descriptions of 
a l l  t e s t  apparatus,  instrumentation, and.requirements for  data 
acquisition and handling. 

The qualification demonstrations a r e  t o  be 
made on complete engine assemblies ,  on individual valves, and on 
valve-injector subassemblies.  

It i s  planned t o  per form qualification t e s t s  
at the component level wherever CEI specification operation can be 
demonstrated without the complete engine assembly. Under this  
concept, propellant valve and injector - pr opellant valve subassembly 
qualification t e s t s  will be performed. 

The engine qualification t e s t s  have been 
selected t o  emphasize engine operation and environmental exposure 
which a r e  representat ive of actual mission usage. The t e s t s  a r e  
planned t o  demonstrate satisfactory operation to  the CEI requi re-  
ments under a full spectrum of environmental conditions and a t  
combinations of operating conditions which encompass the full 
range of propellant and power supply conditions. 

(6)  Qualification engine margin limit t e s t  
demonstration. The qualification engine design m a r  gin t e s t s  a r e  
planned t o  overlap the qualification t e s t s  and to  permit  final margin 
l imit  a s ses smen t  of the qualification engine design. These t e s t s  will 
demonstrate  the design margins  provided by the deliverable engine 
design. This engine will include a l l  refinements beyond the flight 
engine tes ted  ea r l i e r  in the program. 



BARK lv 
RELIABILITY AND QUALITY ASSURANCE PROVISIONS 

A. RELIABILITY PROGRAM 

1. Requirements .  The con t rac tor  Reliabil i ty P r o g r a m  
P lans  have been  submitted,  and approved a s  contractual  documents  
fulfilling t he  con t rac t  r equ i r emen t s  of NPC 250- 1. They a r e :  

ENGINE DOCUMENT LAST ISSUE 
PROJECT NUMBER DATE 

F- 1 R- 5 158-2 Apr i l  1964 
J- 2 R-5406-2 January  1966 
H- 1 R-6281 October 1966 
C- 1 RMD 6200-S4A March  1966 

A "Reliability Demonstra t ion P rocedu re"  i s  specified 
fo r  each  engine. P r o c e d u r e s  a r e  based  on the  Loyd and Lipow technique 
defined i n  Chapter  16 of the  textbook: "Reliability: Management,  Methods, 
and Mathemat ics .  " Es t ima te s  a r e  r epo r t ed  monthly, based  on s ta t i c  
f i r ing  t e s t s  p r edec l a r ed  fo r  rel iabil i ty.  Succes se s  a r e  t e s t s  that  s t a r t ,  
m e e t  s teady s t a t e  per formance  conditions, and safely shutdown. 
Succes se s  a r e  weighed in  re la t ion t o  mi s s ion  r u n  durat ions .  A sample  
adequate f o r  a demonstra t ion of re l iabi l i ty  of .99 a t  a 50 percen t  confi- 
dence i s  requ i red .  An incentive fee  i s  awarded  for  addit ional  s u c c e s s e s  
acc rued  a f t e r  t h i s  demonstrat ion.  

A f a i l u r e  mode and effects ana lys i s  i s  r equ i r ed  in acco rd -  
ance  with t he  p rocedure  in MSFC drawing 10 M 30 1 1 1A. The following 
a r e  avai lable  : 

ENGINE DOCUMENT LAST ISSUE 
PROJECT NUMBER DATE 

F- 1 R-6541/R-6542 July 1966 
J - 2  R-6300-8 November 1966 
H- 1 R-6179 May 1966 
C- 1 RMD-6203-FMEA-4 August 1966 



2. Plans for  independent assessment .  The basic  re l ia -  
bility assessment  i s  the est imate f r o m  the s tat ic  tes t s .  Currently, 
independent assessment  i s  achieved by control and review of the 
contractor 's  demonstration procedure data. The resident NASA 
reliability representat ive evaluates the contractor 's  pre  - tes t  declara-  
t ions and post-test  classifications. Success decisions requi re  NASA 
approval. In addition, static t e s t  data i s  t rend  charted by 
MSFC t o  show the influence of such fac tors  a s  faulty facilities, 
operator e r r o r s ,  and hardware changes on reliability. 

3. Responsibilities. Responsibility and execution of 
the reliabili ty program i s  the responsibility of each engine project 
manager.  Coordination of reliability mat te r  s within the Engine 
P r o g r a m  Office and between the office and other groups i s  the 
responsibil i ty of the Engine P r o g r a m  Office Reliability and Quality 
staff. Pro jec t  support, contractor monitoring, and independent 
reliabili ty a s ses smen t  i s  the responsibility of the MSFC Quality 
and Reliability Assurance Laboratory. 

4. Principal  elements of the Reliability P r o g r a m  

a. Statist ical  design of t e s t s  and data analysis.  

b. Design reviews, value engineering reviews, 
human factor and maintainability studies. 

c. Fa i lure  mode determination through static firing 
tes t s ,  safety l imits  tes t s ,  component and engine qualification, and 
reliabili ty verification tes t s .  Fa i lure  mode elimination by hardware,  
process  o r  procedure improvement. 

d. Maintaining a bank of tes t ,  malfunction, and 
configuration data. 

e. Malfunction reporting, recording, analysis,  
correction, and verification of fai lure  mode elimination. 

B. QUALITY ASSURANCE PROGRAM 

1. Contract Requirements 

a. NPC 200-2 and NPC 200-3 set  forth the basic 
quality assurance  requirements  for each engine program. Quality 
program plans a r e  prepared by the contractors  in accordance 

4- 2 



with NPC 200-2 and become contractual  documents a f te r  approval  
by MSFC. The approved Quality P r o g r a m  Plans  a r e :  

ENGINE DOCUMENT LAST ISSUE 
MODEL NUMBER DATE 

F- 1 R-6158- 1 May 1965 
J- 2 R- 6 158- 1 May 1965 
H- 1 R- 6 158- 1 May 1965 
C- 1 RMD 6200-S2A March  1966 

b. N P C 2 0 0 - 1 A i s t h e  b a s i c q u a l i t y a s s u r a n c e  
requi rement  document applicable t o  Government Inspection Agencies: 
Ai r  F o r c e  a t  Rocketdyne, Canoga Pa rk ,  California;  DCAS a t  
Rocketdyne, Noesho, Missouri ;  and DCAS a t  Reaction Motors  
Division, Denville, New Je r sey .  Inspection plans have been 
submitted by each of the  Government Inspection Agencies and 
l e t t e r s  of delegation accepted.  

G. PROJECT MANAGEMENT DECISION. Pro jec t  manage-  
ment  makes  a l l  decis ions  on contract  requi rements ,  configuration 
changes,  acceptance of hardware,  and approval  of costs.  These  
decis ions  a r e  constra ined by policies, p r o g r a m  authority,  and 
allotted r e sou rces .  Technical  support  f o r  quality and re l iabi l i ty  
i s  provided by the  Quality and Reliability Assurance  Laboratory 
a t  MSFC. Within the  bounds of the contract ,  l abora tory  personnel  
ac t  t o  a s s u r e  the adequacy of the con t r ac to r ' s  quality p rogram.  They 
a l s o  conf i rm that  the  Government Inspection Agency and the  contractor  
have inspected t o  the  end i t e m  t e s t  plan and that  the  hardware  i s  
ready  fo r  acceptance.  
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PART W 

A. INTRODUCTION 

This  sect ion provides a detailed descr ipt ion of the  
functions, management  s t ruc ture ,  and organizational in terre la t ionship 
of t he  Engine P r o g r a m  Office. The NASA Management Manual was  
u sed  a s  a b a s i s  f o r  the  organizational plan and the  s t ruc tu re  i s  
consis tent  with es tabl ished guidelines. 

B. APOLLO PROGRAM MANAGEMENT 

The Apollo P r o g r a m  Office in  Washington, under the  
d i rec t ion  of the Apollo P r o g r a m  Director ,  i s  responsible  f o r  overa l l  
Apollo P r o g r a m  Management, including the  direct ion and integrat ion 
of Apollo P r o g r a m  t a s k s  being accomplished by MSF Fie ld  Cente rs  
(MSFC, MSG and KSC). Each  F i e ld  Center  appoints p r o g r a m  m a n a g e r s  
who a r e  responsible  f o r  directing Apollo P r o g r a m  act ivi t ies  a s  signed 
t o  t he  center .  Directions f r o m  the Apollo P r o g r a m  Direc tor  on pro-  
g r a m  m a t t e r s  go t o  Center  P r o g r a m  Offices through the  Center  Di rec tors .  

The five p r o g r a m  offices within the  Apollo P r o g r a m  a r e  the:  

o Apollo Spacecraf t  P r o g r a m  Office a t  Manned Spacecraf t  
Center  

o Apollo P r o g r a m  Management Office a t  Kennedy Space Cente r  

o Saturn I / IB P r o g r a m  Office a t  Mar sha l l  Space Flight Center  

o Saturn V P r o g r a m  Office a t  Marsha l l  Space Flight Center  

o Engine P r o g r a m  Office a t  Mar sha l l  Space Flight Center  

C. ENGINE PROGRAM MANAGEMENT 

1. MSFC Organization. Basical ly ,  Mar  shal l  Space Flight 
Center  ha s  two l ine organizations:  Resea rch  and Development Operat ions  
(R&DO) and Industr ia l  Operations (10) ( s e e  f igure  5-  1.) 





a. Resea rch  and Development Operations.  R&DO 
i s  respons ib le  fo r  maintaining competence in depth in a l l  technical  
d iscipl ines  re la ted  t o  the  science of rocketry .  Re s e a r c h  and Develop- 
ment Operat ions  i s  responsible  fo r  the  es tabl ishment  and manage-  
ment  of the  scientif ic and engineering capabil i t ies of the  MSFC 
labora tor ies  fo r  the  r e s e a r c h  and development of launch vehicle 
sys t ems ,  engine and payload sys tems ,  supporting r e s e a r c h  and 
technology, and advanced studies.  

b. Industr ia l  Operations. Industr ia l  Operations i s  
ass igned  the  overa l l  responsibil i ty for  the  conduct and managzrnent 
of the  Saturn launch vehicle sys t ems  p rog rams .  This  includes t he  
Saturn IB and Saturn V vehicle projects ,  the Launch Vehicle Engines 
project ,  MSFC ass igned  payloads projects ,  re la ted  GSE and software,  
and a l l  support ,  handling, and logist ics requi rements .  In discharging 
t h e s e  responsibi l i t ies ,  I 0  will:  

(1) Take a l l  action neces sa ry  t o  ensu re  that  the  
en t i re  s e r i e s  of Saturn launch vehicle s y s t e m s  i s  successful ly  
developed, produced, tes ted,  del ivered and launched t o  c a r r y  out 
the  specific miss ions  on the  officially scheduled dates  and a t  the  
m o s t  reasonable  cost  t o  the government within allotted funds. 

( 2 )  A s s u r e  the technical  adequacy of the  overa l l  
launch vehicle s y s t e m  and the  success fu l  in tegrat ion of vehicle s tages ,  
engines,  GSE, associated equipment and MSFC ass igned payloads. 

2. Engine P r o g r a m  Office. The Engine P r o g r a m  Office, 
( f igure  5-2), Industr ia l  Operations,  i s  a s s i , ~ n e d  the  t a s k  of planning, 
directing,  coordinating, and managing a l l  MSFC and contractor  effor ts  
r e l a t ed  t o  engine programs .  

a.  P r o g r a m  Manager.  The Engine P r o g r a m  Manager 
has  the  responsibil i ty fo r  planning and direct ing the  execution of engine 
pro jec t s  within es tabl ished technical  guidelines, schedules,  and r e s o u r c e s  
l imitations.  The project  manager  u s e s  the  composite MSFC/industry  
t e a m  through a l l  p r o g r a m  phases  and a s s u r e s  the  technical  adequacy 
and the  success fu l  integration of the  ass igned  engine pro jec t s  into 
the  launch vehicles.  



b. Staff Offices. The Engine P r o g r a m  Office staff 
s t ruc ture  i s  modeled af ter  that of the Apollo P r o g r a m  Office a t  
Manned Space Flight, with s imilar  a r e a s  of responsibility in the 
corresponding offices ( P r o g r a m  Control, Reliability & Quality, 
Systems Engineering, and Test) .  The staff offices per form program-  - 
oriented functions related to  planning, scl-ieduling, budgeting, and 
a s sessmen t  of program accomplishment. The staff offices a s s i s t  
and advise the project managers  on ma t t e r s  related to  their  
par t icular  a r e a s  of assignment. 

( 1) Management Support Office. This office 
establ ishes and ensures  implementation of internal  administrative 
management policies. The office provides management serv ices  and 
support t o  all organizational elements of the Engine P r o g r a m  Office, 
including Resident Management Offices. Among these serv ices  a r e  
manpower and physical space, communications and management 
systems,  functional alignment, and administrative operations. 

( 2 )  P r o g r a m  Control Office. This office is 
responsible for  developing and establishing guidelines for  p rogram 
plans, and r e source  requirements  reflected in budget and PERT 
schedules, technical operating plans, procurement  and financial 
plans, and the MSF/NASA Headquarters P r o g r a m  Development Plan. 
The office develops guidelines and coordinates and implements 
refinements t o  the data management system. The P r o g r a m  Control 
Office consolidates managerial  data for  briefings, presentations, and 
repor ts .  

( 3 )  Systems Engineering Office. The Systems 
Engineering Office is responsible for  the technical analysis of program 
specifications covering detailed functional and performance requi re-  
ments  of vehicle engine systems.  It per forms and d i rec ts  the  perform- 
ance of technical analysis and coordination of working group and panel 
activit ies,  mission requirements ,  assigned engine mechanics and 
propulsion, weight and performance, dynamics and control, flight 
evaluation and logistics. 

(4) Tes t  Office. This office i s  responsible for 
initiating optimum tes t  programs;  reviewing program te s t s  and 
acceptance t e s t  plans submitted by contractors  for  approval; analyzing 
t e s t  r e su l t s  and problem a r e a  assessments ;  and developing and 
implementing the mas te r  t e s t  pIan for  'engine systems.  



(5)  Reliability & Quality Office. The Reliabil i ty 
& Quality Office ensu re s  a high degree  of re l iabi l i ty  fo r  space  flight 
engines and propulsion sys tems .  The office coordinates a l l  rel iabil i ty 
act ivi t ies  between MSFC and contractor  t o  de te rmine  s ta tus ,  deficien- 
c ies ,  proposed changes and accomplishments of approved programs .  

c. Pro jec t s .  The Engine P r o g r a m  Office encompasses  
four  engine projects :  H- 1 Engine Pro jec t ,  5 - 2  Engine Pro jec t ,  F- 1 
Engine Pro jec t ,  and Space Engines Project .  The function of each 
pro jec t  i s  t o  define, d i rec t ,  review and evaluate the  composite 
MSFCIindustry  per formance  through a l l  phases  of planning, coordina- 
t ion and contractor  di rect ion in  the  design, development, integration,  
production, test ing,  acceptance,  and del ivery of a s  signed engines. 

d. Resident Management Offices. These  offices 
provide on-s i te  p r o g r a m  management and supervis ion of MSFC opera-  
t ions a t  Resident Management s i t e s  located i n  four geographical  
p a r t s  of the United States  (Rocket Engine Tes t  Site, California;  
Rocketdyne, Canoga P a r k ,  California and Neosho, Missouri ;  and 
Reaction Motors  Division, Thiokol Chemical  Corporation,  Denville, 
New Je r sey ) .  They a c t  a s  senior  NASA represen ta t ives  a t  t he se  
locations. 

e. Engine P r o g r a m  Relationship 

(1)  Office of Manned Space Flight relat ionship.  
Communication between the  Apollo P r o g r a m  Office of the  Office of 
Manned Space Flight (MSF) and the  Engine P r o g r a m  Office i s  p r imar i l y  
handled by the  engine staff and project  offices through in formal  contacts.  
F o r m a l  contacts a r e  made periodically through wri t ten r e p o r t s  on 
var ious  a spec t s  of engine programs .  

( 2 )  In- house relat ionship.  By daily contact  
with R&DO labora tor ies  and vehicle s tage managers ,  and through 
par t ic ipat ion in  act ivi t ies  of boards ,  working groups,  commit tees ,  
and panels,  the  Engine P r o g r a m  Manager,  through h i s  P ro j ec t  
Managers ,  d i r ec t s  and coordinates all act ivi t ies  re la ted  t o  the  design 
and development of engine sys t ems  and the  integration of t he se  
s y s t e m s  into the  using stage. 



(3) Relationship with external  organizations. In 
the management of the engine project, extensive use  i s  made of 
organizations external  t o  NASA. The Department of Defense provides 
support in the a r e a s  of secondary contract administration including 
audit, quality assurance  and inspection. The Department of Defense 
i s  a l so  instrumental in other fields such a s  propellant procurement,  
providing housekeeping serv ices  for  NASA tes t  a r e a  a t  Edwards 
Air F o r c e  Base,  California, and performing t e s t s  at  the Arnold 
Engineering Development Center,  Tullahoma, Tennessee.  

A close relationship exis ts  with the Air 
F o r c e  s o  that maximum benefit on engine development can be 
available in other government agencies, industry, and educational 
institutions. 

f .  Schedule analysis and cost, coniiguration, and 
data management. 

(1)  Schedule and Review Procedure.  Engine 
p rogram schedules a r e  maintained to  reflect cur rent  project status 
consistent with the MSF approved schedules. Requirements for  
Manned Space Flight P r o g r a m  schedule documents a r e  established 
by OMSF Instruction M-IM 9330.006, 007, and 008 ( P r o g r a m  
Scheduling Manual). This schedule and review procedure (SARP) 
i l l u s t r a t e s  major  milestones and present status of the Launch Vehicle 
Engines Program.  

( 2 )  PERT, Line of Balance (LOB), and companion 
cost sys tems.  Launch Vehicle Engine Proj.ects use  the PERT, LOB, and 
companion cost sys tems a s  management tools, whenever applicable 
t o  a s s i s t  in meeting objectives on a t imely basis.  The sys tems 
consist  of: 

o Line of balance 

o Companion cost sys tem employing the contractor 
Financial  Management Report ( F o r m  533) 



The NASA PERT and Companion Cost Handbook, 
LOB Manual and the NASAIMSFC - PERT Manual descr ibe the sys t em 
to  be used. 

( 3 )  Configuration management. P r i o r  to  
publication of the Apollo Configuration Management Manual, NPC 
500- 1, dated May 18, 1964, the configuration management elements 
of identification, control and accounting were  established a s  an integral 
par t  of engine program management. Consequently, implementation of 
the NPC 500- 1 configuration management refinements has  imposed an 
evolutionary r a the r  than a revolutionary task.  F o r  existing engine 
projects (H- 1, J - 2 ,  and F- 1) cer tain variations to  the exact NPC 500- 1 
requirements  a r e  mandatory because of schedule and cost considera- 
t ions; however, the overal l  objective of baseline management i s  not 
compromised. In general, the significant departures  f r o m  NPC 500- 1 
a r e  a s  follows : 

o Existing engine and ground support equipment end i t em 
specifications will not be rewri t ten in the NPC 500- 1 
(Exhibit I1 thru  VI) format;  however, Contract End I tem 
(CEI) Specifications ( P a r t  I1 only) for  engines will be 
accomplished. 

o The existing sys tem of design reviews, design audits, 
quality assurance  and acceptance inspection will not be 
rev ised  to  the requirements  of NPC 500- 1 (Exhibit XIV) 
except that F i r s t  Article Configuration Inspections (FACI) 
for  engines will be accomplished. 

o End i tem product baselines a r e  established based on 
end i t em top assembly drawings and quality assurance  
documentation approved at  t ime of.acceptance of the 
f i r s t  production configuration. 

o The existing numbering sys tem for  end item, engineering 
documentation, supporting documentation, technical 
manuals, e tc . ,  on existing projects will not be revised. 

(4)  Data Management. A data management 
sys tem has  been implemented to:  



o Identify essent ial  data requirements  

o E l imina te redundan tda ta requ i remen t s  

o Control new data requirements  and changes to  
approved data elements 

o Establish minimum distribution requirements  
and control changes there to  

o Provide data accountability. 



BART VI 
MANAGEMENT WEPORBBMG 

A. INTRODUCTION 

A sys tem of management reporting has been instituted 
t o  keep NASA and MSFC management continually apprised of the 
status of Launch Vehicle Engine Projects .  The p r imary  a i m  of the 
report ing sys t em i s  to  keep the various management levels abreas t  
of those program developments applicable to  their  respective a r e a s  
of responsibility. In th is  way management i s  provided with the 
visibility required t o  a s s u r e  prompt identification and resolution of 
problem a reas .  A number of formal  and informal methods a r e  used 
t o  implement the reporting system. These include memorandums, 
schedules, f i lms,  char t s ,  teletype, telephone conferences, and r epor t s  
that provide detailed information regarding selected program elements,  
The p r imary  channels for  program reporting a r e  those between 
( 1) MSFC and the contractor,  and (2)  MSF and MSFC. Although many 
internal  r epor t s  a r e  required by both MSFC and contractor levels, 
they a r e  considered of secondary importance. Major a r e a s  of 
p rogram reporting associated with LVE Projec ts  a r e  outlined 
below. 

B. CONTRACTOR TO MSFC REPORTING 

Reporting requirements  imposed on the contractor by 
the Engine P r o g r a m  Office a s s u r e  the information required t o  
effectively manage, direct,  and monitor contractor performance. 
Reports which the engine contractors  a r e  obligated t o  provide 
include the following: 

1. P r o g r a m  Plans. The program ~ l a n s ,  with periodic 
revisions,  prdvide the necessary  information to  a s s u r e  MSFC manage- 
ment  that a l l  phases of the project will be conducted in an orderly 
and efficient manner.  The plans include objectives and t ime phasing, 
discussion of anticipated technical approaches to  achieve objectives, 
detailed t e s t  schedules, planned hardware fabrication, and major  
milestones. There  a r e  a l so  Reliability P r o g r a m  Plans and Quality 
P r o g r a m  Plans.  



the 
2. P r o g r a m  Status Reporting. Throughout contract life, 

contractor  submits t o  MSFC both formal  and informal r eco rds  of 
cur rent  program status.  The r ecords  include reports ,  charts ,  
motion picture f i lms and photographs, minutes of status meetings, 
technical interchange and coordination meetings. 

3. Financial  Management Reporting. The contractor  
is contractually required to  submit monthly financial and cost 
r epor t s  on NASA F o r m  533. Costs a r e  broken down into significant 
e lements  of the total  contract for the reporting period. The quarter ly  
r epor t s  include both cost experience for  the monthly reporting 
period and cost projections for the remainder  of the contract life. 
In addition, each quarter ly  repor t  descr ibes  the magnitude and 
phasing of unfilled o rde r s  that a r e  considered by the contractor 
t o  be f i r m  obligations. 

4. Reliabilitv and Qualitv Data includes : 

a. Monthly "test summaries"  of reliabili ty t rends,  
malfunctions, and t e s t  resu l t s  for the F- 1 and J - 2  engines. 

b. Monthly Quality Status repor ts  for  all engine 
programs.  

c. Bi-weekly computer runs of t e s t  r e su l t s  and 
malfunctions. 

d. Monthly inspection agency repor ts .  

e. Flight Readiness Reports for each vehicle by 
stage. 

C. MSFC TO MSF REPORTING 

The reporting channel between MSFC and MSF has  been 
established to  provide Apollo P r o g r a m  management with the information 
needed t o  achieve effective overall  p rogram coordination. The reporting 
includes verbal  communication, teletype, memorandums, f i lms,  
char t s ,  schedules, and f o r m a l  reports .  The following i s  a representa-  
tive selection of the basic  documents associated with this reporting 
channe 1. 



1. Pro jec t  Approval Document (PAD). That document 
which, when signed by the Associate Administrator,  authorizes the 
responsible P r o g r a m  Director to  initiate and c a r r y  out the project 
within the scope defined in the document. 

2. Project  Development Plan. The scope of the P D P  
i s  defined by the Project  Approval Document. All aspects  of the 
project and the way in which they will be managed a r e  described in 
the Pro jec t  Development Plan in detail. When signed by the Apollo 
P r o g r a m  Director,  the Project  Development Plan becomes the basic  
operating document for project implementation. The P D P  i s  revised 
semi-annually a s  required. 

3. Schedule and Review Procedure.  The schedule and 
review procedure (SARP) report  i s  prepared by MSFC and submitted 
monthly to  MSF pr ior  to  each meeting of the Management Council. 
The repor t  d iscusses  the cur rent  project status in t e r m s  of milestones,  
funding, cost and manpower. Information i s  provided relative t o  level 
two and level t h ree  of program activity; level two includes detailed 
delivery schedules and supporting funding schedules for the overal l  
engine program; level three  provides development and delivery 
schedules for  the individual engines. 

4. Engine P r o g r a m  Office Weekly Report. This weekly 
teletype repor t  provides a continuing source of up-to-date information 
concerning the engine programs.  The repor t  appr ises  MSF of major  
p rogram accomplishments,  c r i t ica l  problems and other i tems of 
general  interest .  

5. Fi lmed Reports. In addition to  conventional reporting 
techniques, MSFC a lso  employs the use of periodic motion picture 
f i lm reports .  While providing an effective means of reaching large 
audiences, the fi lm repor ts  a l so  give an  added dimension t o  the subject 
under review. Included in the f i lms a r e :  overal l  project s ta tus;  
progress  related to  specific program elements;  i. e . ,  assembly,  tes t s ,  
etc. ; significant events that occurred during the reporting period; 
and other i tems that may be of particular interest .  





BART Vll 

A. IDENTIFICATION OF MAJOR PROJECT ELEMENTS 

1. F- 1 Engine. The F- 1 .Engine Project  consis ts  of two 
major  project elements;  r e sea rch  and development through qualifica- 
tion and production and production support. The r e sea rch  and develop- 
ment effort i s  current ly being conducted under contract NASw- 16. 
The production of 76 of the F- 1 engines i s  being accomplished under 
contract NAS8-5604. The remaining 30 engines to  complete the 
Apollo Saturn V requirement and the production support i s  covered 
in a new contract (NAS8- 18734). 

2.  H- 1 Engine. The major elements of the H- 1 Engine 
Pro jec t  a r e  r e sea rch  and development and production. Research  
and development i s  current ly accomplished through contract NAS7 - 190, 
Part I, Production i s  accomplished through contract NAS7 - 190, 
P a r t  11. 

3. J -2  Engine. Major elements of the J-2 Engine 
Pro jec t  a r e  r e s e a r c h  and development/production support, and 
production. Re search  and development/production support and 
production a r e  current ly being conducted under contract NAS8- 19. 

4. Space Engines 

a. S-IVB Ullage Engine. The S-IVB Ullage Engine 
Pro jec t  consists of two major project elements;  qualification testing 
and production. The qualification t e s t  program i s  being accomplished 
a s  an  MSFC in-house effort. Production i s  being accomplished 
through contract NAS9- 170. This i s  a MSC contract with the Gemini 
spacecraf t  pr ime contractor,  McDonnell Company. 

b. C- 1 Engine. The C- 1 Engine P r o g r a m  consis ts  
of th ree  major  project elements;  i. e., Phase I - Definition, Phase  I1 - 
Development, and Phase 111 - Production. Phase I was conducted 
under contracts NAS8-14019,and NAS8-14022. Phase I1 i s  present ly 
under contract NAS8- 15486. Phase 111 i s  not authorized a t  the present .  



Additional effor ts  pertaining t o  construction of faci l i t ies  
fo r  the  F- 1, J - 2 ,  and H- 1 engines a r e  governed by contract  
NAS8-5609(F). 

B. RESPONSIBLE CONTRACTORS 

1. F- 1, H- !, and J -2  Engines 

a. Re  s e a r c h  and development: Rocketdyne Division, 
North Amer ican  Aviation 

b. Production: Rocketdyne 

c. Fac i l i t i es :  Rocketdyne 

2. Space Engines 

a. S-IVB Ullage Engine. As  a subcontractor  t o  
MeDonnell C bmpany, Rocketdyne has  production responsibil i ty.  

b. C- 1 Engine. Phase  I - Definition was  conducted 
by TRW Sys tems  Group and Reaction Motors  Division (RMD) of Thiokol. 
Phase  I1 - Development i s  being conducted by RMD. 

C. CENTER RESPONSIBILITIES 

George C. Marsha l l  Space Flight Center  i s  responsible  
f o r  the  procurement  of each project  element.  

D. TECHNICAL MONITORING AND CONTRACT ADMINISTRATION 
RESPONSIBILITIES 

Technical  responsibi l i ty  fo r  monitoring the  engine p r o g r a m s  
has  been  delegated t o  the  George C. Marsha l l  Space Flight Center  
Engine P ro j ec t  Managers .  Contract  adminis t ra t ion responsibi l i ty  ha s  
been  delegated t o  the MSFC Contracting Officer and h i s  duly author ized 
represen ta t ives .  



1. F- 1 Engine 

a. Re s e a r c h  and development. The  ma jo r  con t rac tua l  
m i l e s tones  under  the  r e s e a r c h  and development con t rac t  i s  the  develop- 
ment  of a 1, 522, 000 pound t h r u s t  rocket  engine using R P -  1 fue l  and  
liquid oxygen a s  propel lants .  The  re l iabi l i ty  f o r  t he  F- 1 engine under 
l imi ted  f ie ld  environment  i s  95 percent ,  which w a s  demons t ra ted  by 
F R T  completed in  December  1964. The  objective of t he  development 
effort  i s  t o  a t t a in  a re l iabi l i ty  of 99 percen t  with a 50 percen t  confi- 
dence fac to r  under extended f ie ld  environment qualif icat ion speci f ica-  
t ion r equ i r emen t s  by December  31, 1966. The R&D cont rac t  with 
Rocketdyne was  conver ted f r o m  C P F F  t o  C P I F  in August, 1965. 

b. Production.  The F- 1 engine production effor t  
in  effect  at t h i s  t i m e  contains a r equ i r emen t  f o r  106 de l ive rab le  F- 1 
engines  in  suppor t  of 15 Sa turn  V vehicles.  Seventy- s i x  engines,  24  
engine t r a n s p o r t e r s ,  s ecu r i t y  cove r s ,  g imbal -  lock s e t s  and a s soc i a t ed  
equipment;  5 ful l-  s ca l e  mockups,  ground suppor t  equipment,  suppor t  
hardwa.re and support ing s e r v i c e s  a r e  cu r r en t l y  under  con t rac t  
( con t rac t  NAS8-5604). The  f i r s t  del iverable  F- 1 engine was  de l ive red  
in  October 1963, and t he  c u r r e n t  schedule provides  f o r  de l ive ry  of 
the  76th engine in November 1967. The  con t rac t  was  conver ted  , f r om 
C P F F  t o  C P I F  dur ing May, 1966. 

c .  P rocu remen t  of follow- on enpine s and ~r oduction 
D 

suppor t .  The  p r e sen t  re la t ionship  between t he  R&D (NASw- 16) and 
production (NAS8-5604) con t rac t s  make i t  expedient  t o  combine the  
follow-on p rocu remen t  of engines and production suppor t  into a 
single contract .  Th i s  combination wil l  expedite the  admin is t ra t ion  
of the  con t rac t s .  The  p rocurement  of a n  addit ional  30 engines  f o r  
the  Sa tu rn  V vehic les  (SA-511 through SA-515) wi l l  be included 
with the  production suppor t  needed t o  suppor t  the  production and  
flight p r o g r a m s .  

2. H- 1 Engine 

a. R e s e a r c h  and development.  The  m a j o r  mi les tone  
under the  r e s e a r c h  and development contract  i s  the  development of a 
205, 000 pound t h ru s t  rocket  engine using R P -  1 fue l  and liquid oxygen 
as propel lants .  The  objective of the  development effort  is t o  a t t a in  
a re l i ab i l i ty  of 99 percen t  with the  highest  poss ible  confidence fac to r .  



b. Production.  The  production con t r ac t  in  ex i s tence  
a t  t h i s  t ime ,  contains a requ i rement  f o r  22 H- 1 engines with a t h ru s t  
of 205,000 pounds. Another 60 engines wi l l  be  p rocu red  a s  a follow-on 
buy fo r  the  Apollo Applications P r o g r a m .  

3. J - 2  Engine 

The  r e s e a r c h  and development and production con t r ac t s  
w e r e  consolidated under  Contract  NAS8- 19 dur ing the convers ion of 
the  R&D cont rac t  f r o m  C P F F  t o  C P I F  and t h e  negotiation fo r  the  
de l ive ry  of t he  balance of the  engines r equ i r ed  t o  suppor t  t he  Apollo 
schedule.  Th i s  combined con t rac t  h a s  been  fo rwarded  t o  NASA Head- 
q u a r t e r s  f o r  approval .  

Exhibit "A, " the  R&D port ion of the  contract ,  a s  
p resen t ly  negotiated,  extends  the  per iod of the  con t rac t  through 
December  1968 t o  al low Rocketdyne t o  provide production suppor t  
d i r ec t ed  toward  suppor t  of vehicle flight and s ta t i c  t e s t  p r o g r a m s  
and investigation of engine improvements  which wil l  enable 
m a j o r  vehicle and opera t iona l  simplif icat ion and addit ional  m i s s ion  
capabil i ty.  The  ma jo r  objective of t h i s  effort  i s  in t he  qualif icat ion 
of the  2051230, 000 pounds t h ru s t  engine with a re l iabi l i ty  of 99 
pe r cen t  and  a '50 percen t  confidence l eve l  by December  3 1, 1966. 

The p r e sen t  Apollo schedule conta ins  a r equ i r emen t  
f o r  155 de l ive rab le  J - 2  engines t o  suppor t  12 Saturn  IB and 15 
Sa turn  V vehicles.  The  effort  fo r  all of the  r equ i r ed  engines h a s  
been  negotiated;  the  ef for t  f o r  103 engines h a s  been t r a n s f e r r e d  
f r o m  the  old production con t rac t  NAS8- 19, Exhibit "B, " under  
which the  effor t  f o r  the  remain ing  52 engines was  negotiated. 

4. S ~ a c e  Engines  

a. S-IVB Ullage Engines.  A t o t a l  of 29 engines 
have been  del ivered.  Th is  comple tes  the  buy of engines under 
con t rac t  NAS9- 170. A follow-on con t rac t  wil l  be negotiated 
between MSFC and Rocketdyne t o  suppor t  Sa tu rn  V S-IVB 507 
through 515 a t  a l a t e r  date.  



b. C -  1 Engine. Work on the two Phase I - Definition 
contracts  began on March 5, 1965. These contracts  were  completed 
on September 5, 1965. Phase  I1 - Development effort was initiated on 
October 18, 1965. This contract i s  for  a development effort only, 
t o  qualify the C-  1 Engine with a 99 percent reliability at a 50 percent 
confidence level by July 19, 1967. This i s  a CPIF contract wi th  
incentives of cost, schedule and performance. 



ENGINE PROGRAM OFFICE 

CUMULATIVE PLANNED & ACTUAL DELIVERIES-ALL ENGINES 

I NOTES: UPPER QUANTITIES ARE PLANNED DELIVERIES - LOWER QUANTITIES ARE ACTUAL QUANTITIES. 

1 
1340-1387-113i-1454-1456-1470-1471-1473-1474-1475-1483 

I-E-P 1437K January 1, 1967 



BART Vlll 
SCHEDULES 

Updated scheduling data  ref lec t ing c u r r e n t  p r o g r a m  s ta tus  
r e l a t i ve  t o  each  engine p ro jec t  i s  avai lable  in the  MSF Schedule and 
Review P r o c e d u r e  (SARP) r epo r t  submit ted  monthly t o  MSF. 

The  data  p resen ted  i s  effective a s  indicated and i s  based  on 
the  following con t rac to r  documents :  

o F- 1 Engine P r o g r a m  P l an  R-  32 14- 1 1 (Rocketdyne) 

o H- 1 Engine P r o g r a m  Plan  R-5069P-  3 (Rocketdyne) 

o 5 - 2  Engine P r o g r a m  P l an  R-350 14A (Rocketdyne) 

o C- 1 Engine P r o g r a m  P l an  (RMD, Thiokol) 





A. MANPOWER 

Resources  Authorizations on c ivi l  s e rv i ce  personnel  
ceil ings a r e  i s sued  t o  MSFC by MSF on NASA F o r m  506 (White) 
without specific re fe rence  t o  p rograms ,  projects ,  o r  sys tems .  
Manpower authorizations a r e  aligned in accordance with approved 
P O P S  with in te rna l  al location by MSFC top management made  semi -  
annually based on manpower r e a s s e s s m e n t s .  These  r e a s s e s s m e n t s  
r e su l t  f r o m  endeavors t o  equalize manpower ass ignments  with 
changing workloads,  such a s  phase-out of the Saturn I P r o g r a m ,  
staffing of newly c rea ted  offices, etc.  

Within MSFC, the  staff P r o g r a m  Planning and Resources  
Office controls  ceil ings for  staff and se rv i ce  offices, Research  and 
Development Operations and Industr ia l  Operations.  

Within Industr ia l  Operations,  manpower ceil ings a r e  
al located by the  Director ,  Industrial  Operations,  through the  
Resou rces  Management Office t o  the  Saturn IB, Saturn V, Engine 
P r o g r a m  Office, AAP, Faci l i t ies ,  Logist ics,  and other offices. 

An MSFC Posit ion Management Report  submitted monthly 
t o  MSF contains the  s ta tus  of civil  s e rv i ce  positions and compilation 
by skil ls ,  g rades ,  average  s a l a r y  and grade  under r egu la r ,  permanent ,  
t empora ry  and other classif ications.  

B. FUNDS 

Fund requi rements  fo r  engine pro jec t s  a r e  p resen ted  in  
the  P r o g r a m  Operating Plan.  The P O P  i s  the  official quar te r ly  
submission of the  MSFC financial  plan which provides NASA Headquar te rs  
with a bas i s  fo r  formulating the  Agency budget es t imates .  This  
document p r e sen t s  a comprehensive detailed study of r e sou rces ,  and 
fund and manpower requi rements  essen t ia l  t o  operational development 
and completion of miss ion  ass ignments .  Requirements  a r e  
categorized by engine project  and s y s t e m  account (ma jo r  cont rac tor  
and o ther )  and a r e  summar i zed  by f i sca l  yea r  through p r o g r a m  
completion. 





Figure  9-2. F- 1 Engine Typical Manufacturing Faci l i t ies  



C. FACILITIES 

1. F- 1 Engine. Research,  devel.opment, and manufac- 
tu r ing  fo r  the  F- 1 engine a r e  being per formed a t  the  Rocketdyne 
facility. Rocketdyne headquar ters ,  adminis t ra t ive  off ices  and plant 
faci l i t ies ,  and Ai r  F o r c e  Plant 56 a r e  located a t  6633 Canoga Avenue, 
Canoga Pa rk ,  California.  P ro j ec t  faci l i t ies  re la t ing t o  project  
management a r e  re fe renced  in  P a r t  V, Management Plan.  

a .  Santa Susana. The Propuls ion F ie ld  Laboratory,  
Air  F o r c e  P lan t  57, in  the Santa Susana Mountains a t  Chatsworth, 
California, i s  p r imar i l y  a component t e s t  facility. T e s t  s tands  at 
th is  location include: 

(1)  Bravo  lA, a chamber  injector  t e s t  stand 
capable of withstanding 1, 000, 000 pounds of th rus t .  

( 2 )  Bravo  2, a three-posit , ion turbopump 
component s tand capable of tes t ing components under full-f 1 ow 
conditions. 

b. Edwards  Ai r  F o r c e  Base .  Rocket Engine T e s t  
Site i s  the  rocket  engine t e s t  facil i ty a t  Edwards  Ai r  F o r c e  Base ,  
California. T e s t  stands used p r imar i l y  fo r  F- 1 engine s y s t e m  
testing,  include: 

( 1) TS-2A, a two-position chamber  / in jector  
component t e s t  stand capable of withstanding a ful l  t h rus t  level 
f i r ing  for  approximately 15 seconds. 

( 2 )  TS- lA, a single-posit ion t e s t  s tand 
capable of tes t ing the engine syst;em fo r  i t s  projected r a t ed  duration 
of 150 seconds a t  i t s  full  ra ted,  nominal- thrust  level. 

( 3 )  TS- lB, a two-position t e s t  stand capable 
of f i r ing the  F- 1 engine a t  r a t ed  th rus t  and duration under l imited 
gimbaling conditions in e i ther  of the two positions. 



(4)  TS- lC,  - lD, and - 1E provide the  capabil i ty 
f o r  acceptance t es t ing  production engines. These  s tands  have a 
c en t r a l  control  house  and a r e  capable of engine full  dura t ion and 
t h ru s t  f i r ing.  Th rus t -vec to r  control  can a l s o  be demons t ra ted  on 
t he se  s tands .  Two of the  s tands  will be  u sed  f o r  accep tance  tes t ing 
and the  o ther  wil l  be u sed  fo r  R&D environmental  tes t ing.  

2. H- 1 Engine. Engineering fac i l i t i e s  f o r  H- 1 develop- 
men t  a r e  located in Rocketdyne's  main  plant a t  Canoga P a r k ,  California.  
Typica l  f ac i l i t i e s  a r e  shown in f i gu re s  9-3  and 9-4 

Fac i l i t i e s  located a t  MSFC a r c  cons idered  adequate 
f o r  component, s ingle engine, and c lus te red-  engine tes t ing.  T h e s e  
a r e  as follows: 

a. Single-engine t e s t  s tand (power plant t e s t  s tand)  

b. Gas  genera to r  t e s t  s tand 

c .  Boos te r  t e s t  s tand ( fo r  engine c lu s t e r  t e s t ing)  

d. Component t e s t  l abora to ry  

Other fac i l i t i e s  located a t  Rocketdyne" Propuls ion  
Labora to ry ,  in the  Santa  Susana Mountains of California,  contain 
engine t e s t  s tand Canyon 3b. Th is  s tand i s  cons idered  adequate  f o r  
development tes t ing.  

Manufacturing and accep tance  t es t ing  fac i l i t i e s  a r e  
located a t  Neosho, Missour i .  Two dual-posit ion t e s t  s t ands  (one 
posit ion on Stand No. 1 and one position on Stand No. 2 )  wi l l  be 
u t i l ized f o r  acceptance tes t ing.  Use of these  fac i l i t i e s  wi l l  depend 
on a continuation of the A i r  Force-NASA ren t a l  agreement .  Any 
in te r rup t ion  in th i s  a r r angemen t  would cause  a cos t ly  delay in the  
overa l l  Apollo P r o g r a m .  

Fac i l i ty  ut i l izat ion h a s  been scheduled a s  follows : 

a. Development t e s t ing  (40-hour weekly uti l izat ion 
equivalent  t o  100 percent  effort) .  
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Figure  9-  3. H- Engin Typical Tes t  Faci l i t ies  
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Figure  9-4. H- 1 Engine Typical Manufacturing Faci l i t ies  
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a1 Tes t  Faci l i t ies  
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F i g u r e  9 - 7. J- 2 Engine Typical  Manufacturing Fac i l i t i es  



o Engine t e s t  stand. 100 percent  through F Y  67. 

o Turbopump t e s t  stand. Inoperative - activation one month 
i f  r equ i red .  

b. Production tes t ing  (40-  hour weekly utilization 
equivalent  t o  100 percen t  effort) .  

o Engine t e s t  s tand.  100 percent  through F Y  67. 

o Turbopump t e s t  stand. Inoperative - activation one month 
i f  r equ i red .  

3. J- 2 Engine. Engineering and manufacturing faci l i t ies  
fo r  5-2 development and production p r o g r a m s  a r e  located a t  the  
Rocketdyne Canoga P a r k ,  California and Neosho, Mis sou r i  plants.  
Tes t  s t ands  VTS- 1, VTS-2, VTS-3A, and VTS-3B a r e  located in  the  
Bowl A r e a  of the  Rocketdyne Propuls ion F i e ld  Laboratory.  Delta-2A 
and Delta-2B, dual  position t e s t  s tands ,  a r e  located in  the  Delta a r e a  
of t he  Propuls ion  F ie ld  Laboratory.  Bowl A r e a  t e s t  s tands ,  with the  
exception of VTS-2, a r e  used  exclusively fo r  J - 2  engine development. 
VTS-2 and the  Delta a r e a  t e s t  s tands  a r e  used  fo r  both development 
and production engine acceptance test ing.  F i g u r e s  9 -5  and 9 -6  i l lus-  
t r a t e s  typ ica l  J - 2  engine faci l i t ies .  

--- T e s t  stand VTS- 1, u sed  f o r  t h ru s t  chamber  develop- 
ment ,  was  act ivat  ed  in March  196 1, and has  a r u n  duration capabi1,ity 
of 20 seconds.  

T e s t  s tand VTS-2 i s  used to  support  development 
t es t ing  and  production engine acceptance tes t ing a t  s ea -  l eve l  conditions. 
The  t e s t  s tand h a s  a r u n  duration capabil i ty of 450 seconds and was 
or iginal ly  act ivated in January  196 3. 

T e s t  s tand VTS-3 i s  a dual  position facil i ty consis t ing 
of t e s t  s t ands  VTS-3A and VTS-3B. T e s t  stand VTS-3A i s  used t o  
t e s t  t h e  engine in hor izontal  position fo r  s t a r t ,  run,  and shutdown 
evaluation under  s imulated al t i tude conditions. Test. s tand VTS- 3B 
i s  u s e d  fo r  ve r t i c a l  t e s t ing  a t  sea - leve l  conditions. VTS-3A t e s t  
s tand was  originally act ivated in January  1963, and VTS-3B was  
originally act ivated in January  1962. Both s tands  have a run  durat ion 
capabil i ty of 250 seconds.  



Tes t  stand Delta-2 i s  a dual position facil i ty consist ing 
of positions 2A and 2B. Both positions have a run  duration capability 
of 500 seconds.  Delta-2B was completed in November 1963, while 
Delta-2A was  completed in December 1963. The facil i ty i s  for  
sea- leve l  tes t ing in support  of development and production acceptance 
test ing.  

Engine component tes t ing i s  per formed in  the  following 
Santa Susana faci l i t ies :  CTL- 1, CTL-2,  CTL- 3 ,  and CTL-4. Each of 
the  t e s t  a r e a s  has  s eve ra l  t e s t  ce l l s  used  fo r  component development. 

Additional engine sys t ems  tes t ing i s  planned a t  USAF 
Arnold Engineering Development Center.  Modification of the  t e s t  
c e l l  5 -4  which included installing the  S-IVB bat t leship  stage,  ha s  been 
completed and tes t ing began in August 1966. This  t es t ing  will  ver i fy  
J-2 engine envi tonmental  capability for ,  the  Saturn launch vehicle,  
and will  include engine r e s t a r t  modes.  

D. LOGISTICS SUPPORT PLAN 

1. General .  The p r i m a r y  goal of the engine logis t ics  
support  p r o g r a m  i s  t o  i n su re  that support  of the  Saturn/Apollo opera-  
t ions i s  planned, accomplished,  and managed a s  a n  integrated whole t o  
obtain the  maximum ra t i o  of miss ion  read iness  t o  cost  effectiveness.  
It has  been  developed t o  insure  that  the optimum support  s e rv i ce s ,  
personnel  s e rv i ce s ,  and ma te r i a l s  a r e  provided when needed, where  
needed, and in the  quantity needed. 

2. Scope. Logis t ics  i s  an in tegra l  e lement  of each 
engine project .  I ts  scope includes the  support  of a l l  phases  of 
assembly ,  checkout, t es t ,  refurbishment ,  t ranspor ta t ion  and 
operat ions  of the  engine subsequent t o  the acceptance of the  produc- 
tion engines. 

3. Responsibil i t ies.  Launch Vehicle Engines P ro j ec t  
Office logis t ics  coordinator provides a focal  point f o r  a l l  engines t o  
es tabl ish  a reasonable  degree  of uniformity and integration between 
the  engine pro jec t s  and coordinates with other p r o g r a m  offices and 
the  P ro j ec t  Logis t ics  Office. This i s  t o  insure  a functional logis t ics  
support  p r o g r a m  for  vehicle support. 



4. Procedure  

a. Each engine project office defines the required 
elements  for  engine support a t  a l l  s i tes  where engines must be main- 
tained. These defined a r e a s  then become a par t  of the contractor sup- 
port  for  the engine project. Each engine 1.ogistics support program 
ref lec ts  the following: 

(1) Supports a l l  s i tes  where engines a r e  utilized. 
This  is provided as government-furnished support to  the stage con- 
t r ac to r  at a l l  s i tes  except that of the engine contractor.  

( 2 )  Provides a minimum-cost program and 
minimum-residual  inventory at  program completion. 

( 3 )  Reflects the general philosophy of remove 
and replace on s i te  with repair  limited to  those i tems which a r e  shown 
by the maintenance analysis to  be scheduled or  cost saving. Fai led 
i tems requiring repa i r ,  re tes t ,  refurbishment or  modification will 
normally be returned to  the contractor 's  plant o r  to  a NASA approved 
off-site facility for  fai lure  analysis and necessary work. 

(4)  Maintain engines by using experienced and 
skilled technicians with engineering personnel monitoring, and in 
many cases  directing, detailed maintenance tasks.  

(5) All spa res  provided or furnished to  the sup- 
ported s i tes  will be flight-qualified and ready for  use. 

( 6 )  Establishes and controls the stock levels and 
provides adequate configuration definition control. 

(7 )  Provides a systematic analysis of end i tems 
f r o m  init ial  concept through final operation. This analysis will be with 
respect  t o  the availability of mater ia l  and human re sources  to  insure 
the t imely support of the vehicle schedule. 

b. Each engine requi res  a sufficient logistics 
support, definition, and supporting documentation to  provide good 
management visibility. This includes a s  a minimum the following: 



( 1) Logist ics p rog ram plan. The logis t ics  p ro-  
g r a m  plan includes the philosophy of logis t ics  support ,  the  management 
and operational e lements  t o  be used and the i r  functions, a miles tone 
plan, requi red  documentation and the m a t e r i a l  and human r e  sou rces  
required.  

( 2 )  Maintenance plan. The maintenance plan 
r e f l ec t s  the maintenance concept, maintenance analysis  requi rements ,  
r e p a i r ,  refurbishment  and modification requi rement  by s i t e ,  wa re -  
housing requi rements ,  t ra ining requi rements  and spec ia l  ski l ls  requ i red .  

( 3 )  Configuration accounting. A means  of con- 
f iguration accounting i s  uti l ized which i s  in  consonance with the  r equ i r e -  
men t s  of N P C  500- 1. (See P a r t  V, Management Plan.  ) 

(4) Inventory control .  A method of inventory 
control  i s  used  which provides tota l  visibility of m a t e r i a l s  r equ i r ed  
f o r  the  logist ics support  p rog ram and the s ta tus  of t he se  ma te r i a l s  
a t  anytime. Provisioning of s p a r e s  i s  accomplished in accordance  
with the r e su l t s  of the  maintenance analysis .  A continual review of 
the configuration and s ta tus  of the provisioned s p a r e s  i s  pe r fo rmed  
and replenishment o r  replacement  of p a r t s  i s  provided. The gene ra l  
philosophy within the objectives outlined above i s  t o  maintain a 
minimum number  of s p a r e s  on s i te  with the major i ty  of the  high cost  
i t ems  being stocked a t  the  engine contractor  facility. Spare  p a r t s  
a r e  provided through the  use  of support  hardware  r e l e a s e  not ices  
(SHRN) which give approval t o  the contractor  t o  obtain hardware  in  
support  of specific s i t e s  and vehicles. 

c. Each engine project  i n su re s  that  the  planning 
data provides  adequate detail  fo r  the selection and implementation 
of m a t e r i a l  and human r e s o u r c e s  in the following a r e a s :  

o Tools  and t e s t  equipment 

o Ground support  equipment 

o Warehousing 

o Handling equipment 

o Removal of ma te r i a l s  



o Training 

o Maintenance manuals 

o Status repor ts  

o Transportation (including Packaging and Preservat ion)  

d. Each engine project coordinates with the appropriate 
stage office for  the provisioning of stage contractor support a t  the stage 
contractor  facility, the Mississippi Test Facility, Marshal l  Space 
Flight Center, and Kennedy Space Flight Center. 

e. Since propellants and pressurants  a r e  G F P  t o  
the contractor,  each engine project insures  that the forecast  of 
requirements  fo r  propellants and pr e s  surant s i s  furnished t o  the 
government in a manner compatible with the logistics supply. 
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