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and narrative back-up information to  support the presentation. 



OUTLINE 

M S F C  MANNED FLIGHT PROGRAMS 

Number of 
S l i d e s  

1. SATURN 

C-1 PROJECT 

C-1B PROJECT 

C - 5  PROJECT 

2. F-1 ENGINE 

3. INSTITUTIONAL 

2 ( P l u s  Film;, 8 min. )  

3 
I 

1 I 
I 1  / 
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3 ( P l u s  Film,, 8, min .) 
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SATURN C-1 



SLIDES & FILM 

1 . Saturn C-1 Dynamic Test Program 
2 .  Saturn C-1 /~- IV Battleship Testing 
3 .  Film - SA-3 Launch 







SA-3 LAUNCH FILM 

This 8 minute film shows a se lect ion of v iews from the  
Engineering Sequential  Camera during the  SA-3 launch and 
fl ight .  I t  should be noted that  better  camera coverage,was 
accomplished during the  SA-3 launch than on previous Saturn 
l aunches .  1 



SATURN C- 1 PROJECT NARRATIVE 

Slide 
1. SATURN C-1 DYNAMIC TEST PROGRAM 

\ 

The current s ta tus  and object ives  of the  sat&n C-1 
Dynamic Test  Program (Phase I) a re  c o v e r ~ d  briefly. Phase 
I1 of the dynamic t e s t  program simulating second s i  ge  f l ight  
(second s tage  only) will begin in  April, 19 62 .  7 

Slide 
2 .  SATURN C- 1/S -IV BATTLESHIP TESTING 

The RLlOA-3 engines a re  being instal led on the  batt le-  
sh ip  tank (SACTO). The LOX pump from engine 1802 (one of 
the  six batt leship vehicle engines) was  returned to P&W for 
rework because  of a LOX s e a l  problem. The problem has  
now been corrected,  the  engine returned for ins ta l la t ion.  

The first  tes t ing is scheduled for the week of December 
24 ,  1962. This will be cold helium bubbling t e s t s  used for 
optimizing LOX preconditioning procedure. This brecondition- 
ing i s  necessa ry  i n  order t o  achieve a sp l i t  engine chilldown 
(10 seconds  for LOX and 40 seconds for LH2). 

I 1  
I 

The first  hot firing was  rescheduled from mid-December 
t o  January t o  allow adequate time for reorificing of ,the diffuser 
water manifold ( to eliminate diffuser overheating) and ins ta l la t ion . 
of a ga s  analyzer and additional temperature probes i n  the  LOX 
tank.  I 

Film 
. 3 .  SA-3 LAUNCH FILM 

This 8 minute film shows a se lect ion of v iews from the  
Engineering Sequential  Camera during the  SA-3 launch and 
fl ight .  I t  should be noted that  better camera coverage was  
accomplished during the  SA-3 launch than on previous Saturn 
l aunches .  



SATURN C-1B 



: ELIDES 

I 

1 . Saturn C-1B Project Sta tus  (S-I Stage) 
2. Saturn C-1B Project Sta tus  (S-IVB Stage) 
3 .  Saturn C-1B Project Sta tus  (S-IVB Stage - Cont'd) 

I / 









SATURN C- 1 B PROJECT NARRATIVE 

Slide 
1. C-lBPROJECTSTATUS(S-ISTAGE) 

MSFC is currently studying payload and inters tage 
compatibility criteria to  determine the extent of SAT Stage 
re-design that  will be required. CCSD will u s e  t he se  re- 
quirements a s  a bas i s  for a subsequent proposal on a modified 
contract .  

Primary objectives of the re-design will  be to  reduce 
S-I Stage weight to  be consis tent  with the payload requirements 
and to  match the S-IVB Stage interface.  I t  i s  anticipated that  
weight reduction will be accomplished by resizing the  pro- 
pellant containers and ta i l  sect ion assembly,  and by reducing 
propulsion system p r e s s u r i ~ a t i o n  equipment. 

Slide I I 

: 2 .  C - 1 ~  PROJECT STATUS (s-IVB STAGE) 1 I 
1 

Changes i n  scope of current S-IVB Stage contract  are  
d i scussed  briefly. 

I /  i i 
Slide I 1  
3 .  C-1B PROJECT STATUS (S-IVB STAGE - CONT'D) I 

' ' /  
This s l ide  presents the current schedule  for the S-IVB 

Hot Test  Program a t  SACTO. 



SATURN C-5 



SLIDES 

1 
1. Saturn C-5 Project Sta tus  (S-IC Stage) 
2. Saturn C-5 Project Sta tus  (S-I1 Stage) 
3 .  Saturn C-5 Project Sta tus  (S-IVB Stage) I 









SATURN C- 5 PROTECT NARRATIVE 

Slide 
1. SATURN C-5 PROTECT STATUS {S-IC STAGE) 

Negotiations on a long term contract (NAS8- 5 60 8) have 
progressed through the I' fact-finding" s tage.  Based on'hese 
findings,  the P&C negotiator reqsested :he Boeing Company 
t o  revaluate their manhour- req?liremer~ts. The result  was'g 
reduction in  direct labor manhours; however, MSFC considered 
even the revised figure to be tlnrealist-ic , Further discussions 
with Boeing Company on December 12 led to the identification 
and elimination of another unrequired work area in  the program. 
As a resul t ,  i t  was poss ib le  t o  reduce the direct  labor man- 
hour requirement to  approximately 3 3 . 5  million. Final resolution 
should be  obtainable throagh additional negotiations,  

Major assembly tooling is in fabrication and ini t ia l  
installat ion has  commenced a t  MSFC. The first  hardware 
delivery to  MSFC ("Y" ring for the t e s t  fuel  tank) is scheduled 
for January 19 63,  I 

1 
Boeing Cornpar~y h3s indicated that  they can deliver 

documer.kation for a13 grosnd best s tages  in  time to  meet Plan V 
schedule requirements, i I i i /  Slide 

2 .  SATURN C-5 PROJECT STATUS (S-I1 STAGE) i ,  i 
\ 

A purchase request  was initiated in l a t e  November to  
begin the LH2 spil l  t e s t  program. The purpose of the  program 
is to  evaluate the explosive hazard associated with cryogenics 
used  on the C-5 vehicle.  Par~ lca la r  emphasis will be  placed to  
justify the conduct of the full duration clustered engine t e s t s  on 

. the  S-I1 Al l  Systems vehicle a t  Santa Susana. The t e s t  program is 
scheduled for completion by December 15,  1963. 

Based on the limited funding of facil i t ies a t  MTF, it was  
judged that  the construction of the S-I1 'Jertical. Checkout 
Building a t  that  faci l i ty  could be postponed until calendar year 
1966. The purpose of th i s  building is to facil i tate a post- 
s t a t i c  firing quality control evaluation of the vehicle under a 
sheltered environment. This building will be required when 
the delivery schedule dicta tes  the presence of three S-I1 
vehicles  a t  MTF during one calendar month, Until the  Vertical 
Checkout Building b ecomes available,  the post-static quality 
control evaluation of the S-I1 vehicle will be performed with the 
missi le  mounted in the s ta t ic  t e s t  stand. 



SATURN C-5 PROJECT STATUS (S-11 STAGE) (CONT'D) 

To date  NAA h a s  been authorized to  perform certain component 
manufacturing a t  Tulsa for the S-I1 vehicle in  conjilnction with the 
fabrication of particular elements of the ground handling equipment. 
The largest  single component for the S-I1 program being fabricated 
a t  the Tulsa facil i ty is an S-I1 transporter, three of which will be  used 
for land transportation of the  S-I1 vehicle from Seal Beach to  the  AKD 
docking facil i ty and from Port H u e ~ e m e  to  the NAA/S&ID t e s t  faci l i t ies  
a t  Santa Susana. The principal mission of the Tulsa faciliiq is fabri- 
cation.  The establishment of a comprehensive engineering design 
capabil i ty a t  th i s  location is being discouraged by MSFC . During the 
week of December 3 ,  1962,  Mr. Lingle, Special Assistant t o  Mr. Webb, 
conducted private conferences with management personnel from S&ID 
regarding the expansion of the NAA/s&ID act ivi t ies  a t  the Tulsa facil i ty.  
The impact of these conferences has  not been made known t o  MSFC a s  
of th i s  da t e .  

Slide 
3 .  SATURN C-5 PROJECT STATUS (s-IVB STAGE) , 

This action was  taken a s  i t  became increasingly apparent that  
the S-I1 actuators previously specified for u s e  a l so  on the  S-IVB s tage  
were considerably overdesigned when compared to  S-IVB requirements. 
Separate design would result  in a simpler, lighter, and less cost ly  
actuator.  I 



F-1 ENGINE 



SLIDES & FILM I 

i 
1. F-1 Engine Testing 1 
2 .  Film - F-1 Engine Sta tus  Report 
3 .  F-1 Engine Major Problems 1 / 
4 .  F-I Engine Combustion Stabil i ty Actions 

i 
I ; 





F-1 ENGINE STATUS FILM 

This 8 minute film i s  a s ta tus  report for the  F-1 engine.  
Depicted are a spec t s  of the  development, fabrication, assembly,  
transportation, and t e s t  f ir ings.  I t  is believed the solutions t o  
the problems confronting the development of the F-1 engine are  
now i n  sight and that  production schedules  will be met.,  







F- 1 ENGINE PRGJECT NARRATIVE 

Slide 
1. F-1 ENGINE TESTING 

Fourteen engines  are  t o  be uti l ized in  the  F-1 R&D program. 
Through November 2 8 ,  19 62, 2 13 separate  firing tests had been 
conducted for a cumulative firing duration of 2,400 seconds .  
Included i n  th i s  s e r i e s  were 33 ignition-only t e s t s .  ' 

/ 
The first  four F-1 engines  were rated a t  1,000K thrust .  

They were fired 60 t imes for a to ta l  duration of 2 ,500  seconds  a t  
ra ted  thrust .  

S ix  1,500K thrust  engines  have now been completed. Five 
of t he se  are  operational and one was  damaged because  of rough 
combustion. Five t e s t s  a t  rated thrust  and duration have bepn 
completed. 

Film 
2 .  F-1 ENGINE STATUS FILM 

I 

, 

This 8 rr,inute,.film ic .a s t a tu s  report for the  F-1 engine.  
Depicted a re  a s p e c t s  of t he  development, fabrication,  assembly ,  
transportat ion,  and t e s t  f ir ings.  I t  is believed the  solutions t o  
the  probleins confronting the  development of the  F-1 engine a r e  
now i n  s ight  and that  production schedules  wil l  be met. 

I 

Slide  , , 

3 .  F-1 ENGINE MAJOR PROBLEMS ' / ! 
I 

Combustion ins tabi l i ty  ha s  been a persistent  problem s ince  
inception of the  F-1 program and was quite severe  earl ier  i n  the  
in i t i a l  injector development. However, by mid 19 61 when engine 
sys tem tes t ing began,  considerable s t r ides  had been made and  
combustion ins tabi l i ty  appeared no longer a problem of major 
s ignif icance.  The injector was  by no means completely developed; 
much work remained to  be done,  but engine system tes t ing  con- 
tinued and was  not paced by the injector or combustion ins tabi l i ty .  

This problem assumed new proportions on June 28,  1962, 
when the  fifth engine,  se r ia l  number 008, i n  the  program, w a s  
severely  damaged due to  combustion ins tabi l i ty  after 106 seconds  of 
a scheduled full durat ion ' tes t .  Thus, engine tes t ing had been i n  
progress for one full year prior to  any  serious ins tance  of combustion 
ins tabi l i ty .  Following this  incident an  Ad Hoc Committee was  form- 
ed  a t  MSFC to  dea l  with combustion ins tabi l i ty  i n  the  F-1 program. 
The committee is composed of four engine spec i a l i s t s  from MSFC 
and one  combustion spec ia l i s t  from each: Lewis Research Center ,  
Princeton University and the  Air Force. It is fe l t  that  the  committee 
as presently composed represents  a considr iably  high degree  of 
technical  t a len t  i n  th is  f ield.  



Since i t s  inception the  MSFC Combustion Stabi l i ty  
Ad Hoc Committee h a s  been act ively  reviewing Rocketdyne's 
pa s t  efforts ,  searching for new injector concep ts ,  making 
recommendations and monitoring R o c k e t d y ~ e ' s  present  effort.  
The committee h a s  held  two official  meetings with Rocketdyne 
to da t e .  During the f i r s t  meeting at MSFC on July 16,  19 62  
t he  in jector  development effort and the  l o s s  of engine 008 
were reviewed. During the  second meeting a t  Rocketdyne on  
October 2 and 3, 1962 the  committee proposed a plan for 
s tabi l iz ing F-1 combustion within the  time frame of the  PFRT 
and  engine qualif icat ion schedule ,  suggested severa l  in- 
jector concepts  and made severa l  recommendations. Rocketdyne 
w a s  a sked  t o  develop a s tabi l i ty  improvement program i n  
accordance with the Ad Hoc Committee 's  suggest ions .  A 
three phase  approach was  proposed t o  meet the  re la t ively  
shor t  term requirements for PFRT, the longer term engine 
qualif icat ion requirements and a research and technology 
program. I n  addit ion t o  t he se  two official  meetings,  severa l  

.z,,ttee have v i s i t ed  Rocketdyne on  numerous members of tlx.-\~arn--" 
occas ions  for the  purpose of evaluating progress and making 
further recommendations . I i 

' I  

Also, members of the  committee from the  Propulsion 
and  Mechanics  Branch of MSFC have c lose ly  monitored 
Rocketdyne's  effort on  a lmost  a dai ly  b a s i s  through numerous 
t e lecons .  These same members have a l s o  been i n  continuous 
communication with Dr. Priem of the  Lewis Research Center  
and  Mr. Harrje of Princeton Universi ty.  The thoughts and  
suggest ions  of t he se  individuals have been made ava i lab le  
t o  Rocketdyne. 

A list of NASA and Defense  Department contracts  with 
univers i t ies  and  private research ins t i tu t ions  i n  the  f ield of 
rocket  combustion w a s  made avai lable  t o  the  F-1 Engine con- 
tractor.  A list of names of the  spec i a l i s t s  conducting t h i s  
work was  a l s o  provided. Rocketdyne h a s  been encouraged t o  
invi te  t he se  people for consul ta t ions .  MSFC h a s  offered t o  
assist i n  making arrangements for t he se  v i s i t s  where des i rab le .  
Rocketdyne h a s  consulted with Dr. Priem of the  Lewis Research 
Center  and Mr. Harrj e of Princeton Universi ty and Dr. Reardon 
of Aerojet-General t o  da te .  I t  is our understanding tha t  
Mr.  Bartz and Mr. Rupe of the J e t  Propulsion Laboratory and 
Dr. Zukrow of Purdue Unrversity wil l  be  contacted next .  



F-1 ENGINE MATOR PROBLEMS (CONT'D) 

At the October 2 and 3 meeting i t  was  announced that  
a Stability Council was being formed within Rocketdyne to  
dea l  sole ly  with F-1 combustion instabil i ty.  This Council 
w a s  formed in  compliance with a request by MSFC that  a 
separate  group be organized to  deal  full time with this  
problem. The Stability Council cons i s t s  of five members and 
is headed by Dr. Klute and Mr. Castenholz . These two in- 
dividuals have been very success fu l  i n  the pas t  a t  Rocketdyne 
i n  completing difficult assignments.  This Center i s  p leased 
with the leadership and organizational abil i ty they have de- 
monstrated t o  da te .  Representatives of the Stability Council 
met with MSFC representatives on December 4 ,  19 6 2 ,  ' to  ' 
report progress to  date  and present future plans .  

While combustion instabil i ty is currently the  most 
urgent problem in  the F-1 development program, i t  has  not 
affected the program to  the extent which might be  imagined. 
Two engines have been severely damaged and the injectors 
of two other ecginec : No:signifi'cant'.test stand damage 
was  experienced. All other engine instabil i ty c a s e s  occurred 
i n  transition or shutdown and have been assoc ia ted  with signifi- 
cant  changes i n  valve opening and closing sequencing or human 
error i n  engine preparation. The majority of the ins tabi l i ty  
c a s e s  occurred on the thrust  chamber component s tand i n  the  
course of injector development and checkout. Many t imes 
the  instabil i ty was purposely triggered with a powder charge 
t o  observe the response of the chamber t o  a f inite disturbance.  

Other engine system problems were encountered con- 
current with combustion instabil i ty.  Therefore, i t  i s  imposs ible  
t o  evaluate the so le  impact of th is  one particular problem on 
the  overall program. An examination of the full range of 
problems affecting engine system testing does  not reveal  
combustion instabil i ty a s  a n  outstanding problem which is 
hindering the  program. 

Our intense concern i n  th is  area is not primarily because  
of any past  delays;  rather we recognize combustion ins tabi l i ty  
to be a problem which cannot be solved alone by application 
of straight forward engineering principles. This problem is 
very complex and fundamental i n  nature and has  been present 
i n  one form or another i n  our past  development programs. 
Although combustion research has  been in  progress a t  several  
insti tutions over the past  decade a satisfactory understanding 

, 
I 



F-1 ENGINE MAJOR PROBLEMS (CONT'D) 

of the combustion process has  not been obtained. This ha s  
prevented the  establishment of suitable injector and combustor 
design criteria which would enable the designer to  avoid 
combustion instabil i ty i n  the init ial  design.  ~ h 6  industry 
h a s  been looking to  these  insti tutions for these  criteria t o  - 
no avai l .  We a t  MSFC feel  these  insti tutions could have 
placed more emphasis i n  th is  area i n  the  past  and \should 
do s o  now. Lack of suitable design criteria has  forced the  
industry to  adopt almost a completely empirical approach ) to  
injector and combustor development, This has  proved cost ly  
and time consuming. Furthermore, th is  empirical approach 
does  not add to  our understanding because a solution sui table  
for one engine system i s  usually not applicable to  another.  
The problem of combustion instabil i ty is significant because 
i t  is extremely difficult to  est imate how far or c lose  we are . 
from a solution.  

The first  two nozzle  extensions have been damaged 
beyond repair i n  t e s t s .  Design revisions are  presently in  
process , .,... I 

1 
Tests performed on the lieat exchanger have thus  far 

fai led to  validate theoretical performance figures.  
i / ,  I ,  

The e x h a u s t e r a a h a s  developed thermal c racks .  A 
new design is being developed which should solve this  
deficiency.  I 1 1  i 

1 
Slide 
4 .  F-1 ENGINE COMBUSTION STABILITY ACTIONS 

The Ad Hoc Committee was  formed during July 1962 
with experts from Lewis Research Center, Air Force, 
Princeton University, MSFC, and Rocketdyne, 

A dynamically s table  engine system is a contractual 
requirement of the F- 1 R&D contract (NASw- 16) . 

\ Rocketdyne has  formed a Combustion Stabil i ty Council.  
Staffed with i t s  own experts i n  the  field,  Rocketdyne has  
organized this  group for the purpose of devoting full time to  
the  F-1 engine combustion stabil i ty problem. , 



F-1 ENGINE COMBUSTION STABILITY ACTIONS (CONT'T)) 

The deta i ls  for a two phase approach t o  th is  problem 
are  being worked out by Rocketdyne i n  conjunction with the 
Combustion Stability Ad Hoc Committee. The plan will con- 
sider a short  range program aimed a t  meeting t h i  relat ively 
short term requirements for PFRT and a lcng range program 
aimed a t  developing a dynamically s tab le  engine Bystem, 
commensurate with the qualification phase of the  F\-1 R&D. 
An integral part of both phases  will be a n  applied research 
program aimed a t  supporting and guiding both the  short  and 
long range phases  of the work. 

A contract is currently being init iated by MSFC for the 
personal services  of Mr. D.  Harrje of Princeton University 
for the  purpose of obtaining a s s i s t ance  i n  the solution t o  the  
combustion instabil i ty problem. Mr.  Harrje is a permanent 
member of the  Combustion Stabil i ty Ad Hoc Committee and 
h a s  a s s i s t ed  ~ S ~ C / ~ o c k e t d y n e  s ince  July 1962 when the  
committee was first  formed. I 

I 



INSTITUTIONAL 



SLIDES 

1. FY-63 Program Summary (C of F) I 

2 .  FY-63 Program Summary (Personnal Services  6, 
Inst i tut ional  Support) I !  I 

I 







INSTITUTIONAL NARRATIVE 

General 

The 3rd Quarter Program Review on December 12\, 1962 
projected a budgetary defici t  for FY-1963 in  three specif ic  a reas :  

AREA -- PROTECTED FY-63 DEFICIT 
R& D Programs $43.9 Mil 
C of F 8.2 Mil 
Personal Services & Ins t .  Support 14.6 Mil_ 

TOTAL DEFICIT $66.7 Mil 

Shortages i n  any one of these  a r ea s  wil l  have a di rect  impact 
on the  lunar program. Specific effects  a re  currently under s tudy .  

The quarterly review dea l t  mainly with the  R&D Program 
defici t .  For t h i s  reason ,  def ic i ts  assoc ia ted  with the  C of F and 
Institutional a r ea s  were left  unresolved. 

I 

i Slide i 
1. FY-63 PROGRAM SUMMARY - C of F I 

This s l ide  shows addit ional  C of F Requirements for FY-63 
a t  various locations.  A detai led breakout of the  addit ional  
requirements a re  given in  TABLE 1. 

I 

I i 
1 

, Slide i : I  
2. FY-63 PROGRAM SUMMARY - PERSONAL SERVICES & INSTI=- 

TIONAL SUPPORT 

This s l ide  shows addit ional  Personal se rv ices  & Inst i tut ional  
support requirements for FY-63. A detailed breakout of the  
addit ional  requirements i n  th i s  area  a r e  given i n  Fig. 1. 



CONSTRUCTION OF FACILITIES 
PROJECTED ADDITIONAL REQUIREMENTS 

HUNTSVILLE 
J-2 Engine Power Plant Test  Stand 
Load Test  Annex \' ,245 
F-1 Engine Test  Stand -,428 
Utility Ins tal lat ion F - \ 

Sub-Total 3.127 - 
MICHOUD Y 1 .SO0 

Modification t o  Michoud 
(Chrysler Equipment & Under Estimate) 

VARIOUS 
Facil i t ies F-1 Engine Program (C of F) 
Facil i t ies Saturn S-I1 Stage (R&D) 1.500 

Sub-Total 3,350 

I 
I 

TOTAL * ;7.977 
/- 

1 
i i i  
i ! 

*Does not include 1,194 for F-1 Test  Stand a t  Huntsville 
, or 1.105 for F-1 Engine Program a t  EAFB (various) covered under 

current Funding Plan but not yet  approved. 

TABLE 1 



PERSONNEL COST AND OPERATION OF IN STALLATIONS FUNDING STATU S 

DESCRIPTION 

Salar ies  and  Benefits 

Travel 

Transportation of Persons 

Transportation of Things 

Rents, Communications and Ut i l i t ies  

Printing and Reproduction 

(Dollars In Thousands) 
FY - 1963 

Required Available Deficit 

Other Services  (Including $2,575,000 required for DOD 21,418 16,414 5 ,004 
Quali ty Control personnel) 

Supplies and Mate r ia l s  8,400 5,400 5,000 

- Equipment 5,000 2,850 2,150 

TOTALS 123,985 109,422 /14 ,563  

1. N - 6 3  Requirements and Defici t  b a sed  o n  7,500 end-of-year personnel  strength.  

2. Defici t  for 7,100 end-of-year personnel  strength is $13,257,000.  

- 

FIGURE 1 
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