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SATURN V 

S-IVB Stage Synchronous Orbit Study 

A Center -wide kickoff meeting was held initiating a I '  second-look" 
e f fo r t  directed toward doing a synchronous orbit  mission using the 
S-IVB stage for  the terminal  maneuver. The p r imary  goal for this 
effort  i s  to determine the l eas t  expensive and s implest  ways to accomplish 
the miss ion  by careful analysis of the mission to eliminate a s  many stage 
modifications a s  possible. The modifications that a r e  required will be 
kit-on type installable a t  KSC. This effort i s  expected to end about 
August 1, 1966, a t  which t ime a formal  repor t  will be published. 

APOLLO APPLICATIONS PROGRAM 

I. E a r t h  Orbital 

A. S-IVB Workshop 

Design studies for the S-IVB Spent Stage Experiment Support 
Module (SSESM) a r e  continuing i n  severa l  a r e a s ,  including stage modifi- 
cations, overal l  configuration, experiment integration and meteoroid 
protection analysis.  The S -1VB stage internal attachments,  fittings, 
and coating have now been defined. Cr i te r ia  a r e  being developed for 
the passivation cable and the hydrogen hand valve with design studies 
continuing on the helium sphere covers  and the installation of ropes for 



the as t ronauts .  A cu r r en t  configuration of the SSESM has  been prepared  
and will  be rev ised  a s  definitions of spent s tage experiment equipment 
become available.  Engineering data a r e  a l so  being consolidated and 
developed for  the MSFC vers ion  of the experiment support  module. 

Effor ts  a r e  continuing to determine a logical evolutionary 
approach to the utilization of the S-IVB stage and to develop conceptual 
designs of selected points within the f ramework of the evolution program.  
Init ial  growth vers ions  have considered the proposed 30-day AS-209 
S-IVB Workshop with the presen t  available payload and no resupply. 
La t e r  vers ions  will consider resupply and multiple Saturn IB launches.  
Investigations a r e  being made to  define feasible and des i rab le  experiment  
groupings for these l a t e r -ve r s ion  S-IVB Workshops. 

Ex t r a  Vehicular Engineering Activity (EVEA) 

Two init ial  concepts of an ex t ra  vehicular pla t form in  ea r th  
orbi t . for  m e n  and ma te r i a l s  have been developed. These concepts will 
be fur ther  defined until one can be selected for  p re l iminary  design. In 
addition to the plat form concepts, p re l iminary  requi rements  have been 
developed for  EVEA equipment. 

C. Space S t ruc tures  

Design requi rements  and a definition of available design t r ade -  
offs a r e  being developed for var ious  types of ea r th  orbital  radio te lescopes 
and antennas which operate  a t  wavelengths of radio emission not observ-  
able  on ea r th .  Potential  miss ion  applications and the effects upon design 
requi rements  a r e  being identified. After selection of specific antenna 
and rad io  telescope types and configurations, the conceptual designs will 
be init iated.  A pre l iminary  configuration of a space assembly  facility, 
to  be used for  space a s sembly  of radio telescopes and antennas,  and a 
definition of requi red  supporting equipment a r e  a l so  being prepared .  

D. A ~ o l l o  T e l e s c o ~ e  Mount (ATMI 

Support has  been given to  Industrial  Operations, I-SC-E, in  
the prepara t ion  of a s ta tement  of work for  G.rumman supporting analysis  
of LEM/ATM integration.  The contract ,  which will be a n  addendum to 
the p re sen t  study contract  that  MSC has  with Grumman, i s  expected 
to  begin the f i r s t  pa r t  of June 1966. P r e s e n t  efforts include formulating 
the contract  management panel and defining the required in-house study 
effor ts .  



E .  Astronomy Experiment for Apollo 

At the request  of Research  Pro jec ts  Laboratory, supporting 
efforts have been initiated to prepare  drawings for construction of a 
mock-up of the A stronomy Experiment for Apollo, including prel iminary 
design efforts for integration of the astronomical instruments on the LEM. 
Completion of construction of the mock-up and presentation of the program 
proposal to  MSFC management a r e  scheduled for August 1, 1966. Planned 
instruments  for the experiment include ultraviolet cameras ,  ultraviolet 
spectrographs,  X-ray  detector,  and gamma r a y  detector.  It i s  present ly 
anticipated that fabrication of the instruments  for the experiments would 
be a joint effort between MSFC, Naval Research  Laboratory, Oak Ridge 
National Laboratory, and the University of Arizona - Steward Observatory. 
P r e s e n t  efforts a r e  involved with prel iminary definition of configuration 
and support requirements  of the instruments  and integration of these 
ins t ruments  with the LEM. 

11. LunarSur face  

A .  Local Scientific Survev Module (LSSM) 

The BECO-built LSSM Mock-up was demonstrated t o D r .  Lucas 
and other P&VE management personnel. After the demonstration the 
s teer ing  mechanism was damaged; however, the vehicle has  siznce been 
repa i red  and the steering r a t e  performance improved. 

B. Mobilitv Tes t  Art ic le  (MTA) 

Personnel  f rom this Office ass i s ted  in the negotiations concerning 
the cu r ren t  over run  of the General Motors MTA. An ad hoc task group was 
assembled  to vis i t  the GM Santa Barbara  facility to inventory the MTA. 
A detailed cost-to-complete est imate was made by the task group on a pa r t -  
by-part  bas is .  The vehicle i s  about 90  percent complete. The majori ty  of 
remaining work i s  on electr ical  sys tems and instrumentation, with some 
machining required on r e a r  unit suspension. 

Personnel  f r o m  this Office briefed Mess r s  . Gorman, Neubert, 
and Shepherd (DIR) on the Bendix MTA, which i s  located in  building 4650. 
A formal  demonstration of the vehicle will be conducted on June 1, 1966, 
for  all interested Center personnel. During the briefing, Mr. Shepherd 
requested that a five-minute fi lm of MSFC' s activity toward lunar surface 
e x p l o r a t i o ~  be prepared and shown a t  the next OMSF Council meeting. 



Personnel  f rom this Office m e t  with the Chiefs of Structures  
Division and Vehicle Systems Division to discuss  the possibilities of their  
Divisions assis t ing or  assuming direction responsibility in MTA project  
activity a r e a s . .  Both Division Chiefs agreed to support these efforts. 

C. Lunar Backpack Jumper 

Work i s  continuing in  the prel iminary definition and conceptual 
design of a propulsive unit to enable an  astronaut  to jump longer distances 
on the lunar  surface.  Work performed this month includes a nozzle exhaust 
plume study to determine effects on the space suit, evaluation of canted 
ve r sus  uncanted nozzle configurations, and fur ther  definition of mechanical 
controls and sys tem simplifications. I t  i s  present ly planned to build a full- 
sca le  model of the Lunar Backpack Jumper.  

NUCLEAR ROCKET OGRAM 

I. Nuclear Ground Tes t  Module P rogram 

All technical effort  on the pas t  study program has been completed. 
Writeups describing technical effort accomplished by Task F o r c e  part ic i -  
pants a r e  being collected. A final r epor t  on this effort will be prepared 
shortly.  Effort  to p repa re  guidelines for the future study has been delayed 
due to the absence of any definite study organization or  study plan. 

11. Nuclear Flight Safety 

E r r  or  s have been dis covered in the technical approach being 
followed i n  the in-house launch azimuth study, resulting in an interruption 
i n  the effort until an al ternate  approach may be implemented. This 
a l te rna te  approach will requi re  participation by R-AERO. A study plan 
for  the R-AERO effort i s  being prepared.  

The LMSC Safety Study has finally reached publication. The 
r epor t s  a r e  due to be distributed shortly. The follow-on effort has  
passed  the proposal evaluation status and i s  awaiting negotiation. 



ADVANCED PROGRAMS 

I. Launch Vehicle 

A .  Reusable Orbital Transpor t  (ROT) Studies 

Character is t ics  of the slipper and r a i l  concepts that have been 
investigated to date a r e  mater ia l s ,  number of s l ippers  required on the 
sled, and t rack  bearing medium between s l ippers  and ra i l s .  Six different 
r a i l  design configurations and different concepts of height placement and 
ar rangements  of the t racks  have been investigated. Track  bearing mediums 
include a i r  -bearing, metal-to-metal,  and hydrofoil . systems.  

Advanced Stage Design Study 

The initial phase of this study has been completed, Results 
have been documented and presented to management. In this phase of 
the study, a comparison has been made between S-IVR, S-IVA, and the 
Lewis kickstage concept. Also, a typical kickstage concept with toroidal 
tanks and bell and toroidal engines has been analyzed. Future  work on 
advanced stage designs will be a m o r e  detailed analysis of specific tank 
location and s t ructural  support arrangements .  

C. Kickstage Study 

A study of storable and cryogenic kickstages for maneuvering 
Saturn IB, Saturn V and uprated Saturn V payloads in ear th  orbi t  has  
been initiated. Results to be produced in the study a r e  stage g ross  
weights, propellant loadings, configurations, m a s s  fractions,  sys tem 
locations and descriptions.  Results of the study will be applicable to 
the Advanced Planning Planetary Mission Exercise .  Completion of the 
study is scheduled for mid-July.  

D. Storable, Pressure- fed  Stage Study 

In d i rec t  support of the Advanced Planning Planetary Mission 
Exerc ise ,  a shor t - t e rm analysis i s  being conducted of the s torable  
pressure- fed  stage. Results of this study a r e  to be a prel iminary design 
of the stage which will include nozzle and nozzle sk i r t  weights and 
dimensions,  tank weights and s izes ,  and stage system weights and 
performance.  Data thus generated will be coordinated with a comparable 
R-AERO study to provide an overall  prel iminary evaluation of the storable,  
pressure- fed  stage concept for the Mars  Fly-by mission. 



11. E a r t h  Orbital 

A .  De -Orbit Capsule Study 

The Phase  I study of the De-Orbit Capsule (DOC) which can be 
used for  astronaut  rescue  and satell i te retr ieval  i s  continuing. This 
month 's  effort  consisted of producing several  conceptual designs 'of 
folding and telescoping capsules, and deter mining the minimum number 
of subsystems required inside the DOC for rescue  and retr ieval  missions.  

F i l m  Return Capsule 

A study has been initiated to  determine the shielding requirements  
necessa ry  to  protect f i lm f rom excessive radiation damage on a standard 
LOR trajectory.  Materials investigated for shielding thus fa r  include 
aluminum, polyethelene, and a composite of the two mater ials .  No 
conclusion can be made a t  this t ime on the type mater ia l  which would be 
bes t  fo r  shielding. This effort i s  scheduled for completion in June 1966. 

C. Orbital Recovery Mission Profile 

Effort i s  continuing on the Orbital Recovery Mission Profi le  
study, This study i s  to determine the velocity requirements  (AV) for a 
chase vehicle required to capture a ta rge t  satel l i te(s) .  A computer 
p rogram has  been written which calculates the AV's required to t ransfer  
f r o m  one orbi t  to  another and a lso  the AV requirements  to change orbital  
planes.  This program assumes  proper  phasing of the chase and target  
vehicle pr ior  to  t ransfer  initiation. An attempt i s  present ly being made 
to determine orbital  t r ans fe r s  when the phasing i s  not proper  for a 
minimum energy t ransfer .  This effort i s  scheduled for completion in  
June 1966. 

111. Lunar 

, Lunar Logistics Payload Study 

This study was continued to investigate and define potential 
lunar  she l te rs ,  scientific experiments,  and other scientific mission 
support equipment which may be considered a s  a payload for the lunar 
logistics vehicle (LLV). Pre l iminary  drawings and weights have been 
generated for one concept utilizing the Apollo Command Module a s  the 
shel ter .  Scientific support equipment and subsystem requirements  for 
the shel ter  concept a r e  current ly being defined. 



IV. P lane tary  

A. Manned Mars Fly-by 

In support of the NASA Advanced Planning Exercise ,  data were  
generated and presented to the Planetary Mission Planning Committee on 
the orb i t  and ear th  launch vehicles required to deliver a 120,000-pound 
spacecraf t  to Mars  injection for a Manned Mars  Fly-by mission. Stages 
evaluated for the orbit  launch vehicle were  the S-IIB, MS-IIC, S-IVB, 
S-IVC, nuclear and storable,  pressure-fed stages.  The types of data 
provided on these s tages were  stage weight, length, configuration, and 
s tage s t ruc tura l  and sys tem modification. F o r  the ear th  launch vehicles, 
s tandard Saturn V and uprated Saturn V vehicles with payloads of up to 
735,000 pounds to orbi t  were  evaluated. The la rge  upratings were  required 
for  the single launch mission modes. 

Data generated were  presented on May 19, 1966, to the Planning 
Committee at their  first formal  meeting a t  MSFC. As  a re su l t  of decisions 
reached at and subsequent to this meeting, s imilar  OLV and ELV data a r e  
being evaluated for a 180,000-pound spacecraft .  Launch vehicles resulting 
f r o m  this evaluation a r e  being compared with those required for the 
Manned Mars  Landing Mission. Results of the evaluation for the 180,000- 
pound spacecraf t  a r e  to be presented to MSFC management on June 8, 1966, 
and to the Planning Committee in  Washington on June 9, 1966. 

A study has  been initiated to determine the feasibility of utilizing 
s torable  propellant stages to perform a Manned Mars  Fly-by in  1975. 
Studies a r e  a l so  being performed to investigate the feasibility of utilizing 
s torable  propellant stages i n  conjunction with nuclear stages to per form 
a manned Mars  landing in  1982. The configurations being analyzed a r e  
the following: 

Depart  Ea r th  Brake to Mars  Depart  Mars  

Stage Nuclear Nuclear Nuclear 

Stage Nuclear Nuclear Storable 

Stage Nuclear Storable Storable 

Studies a r e  a l so  being performed to determine transtage s ize  required 
to  t r ans fe r  stage f r o m  a 185-km orbi t  to a 485-km orbit  in  conjunction 
with the Mars  Fly-by and Landing missions.  



B . Manned ~ a r  s   enu us Spacecraft Configurations 

A study was initiated to determine the feasibility of a space- 
c r a f t  configuration which i s  capable of performing a planetary fly-by 
miss ion  and la ter  evolve (with minimum modification to subsystems) 
into the spacecraft  for  a Mars Landing mission. The study will establish 
the proper evolution of subsystems and the spacecraft  concept. It is 
a l so  intended to define modifications to the current  MSFC fly-by concept 
to  adapt i t  for the Mars Landing mission. The feasibility of using the 
ground-assembled S -1VB Workshop or the Manned Orbital Research 
Laboratory (MORL) will a l so  be considered, assuming these a r e  orbital 
development modules with subsequent planetary applications. 

C. Scientific Equipment for Planetary Missions 

An investigation of the scientific equipment or experiments 
which would be required for planetary fly-by, capture, and landing 
missions i s  continuing. A l i terature survey was made for the selection 
of scientific experiments. These data were  compiled and a r e  to be used 
i n  defining the associated equipment and requirements for scientific 
investigations during either a Mars or  Venus Fly-by mission. 

n 

~ p f ,  Advanced Studies Office 
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SATURN I R  

I. S-IB S t a g e  

CALIPS Checkout Console 

The c l e a n i n g  and f i n a l  assembly of t h e  CALIPS checkout conso le  
were  completed.  The expec ted  d e l f v e r y  d a t e  i s  June  6 ,  1966. 

11. S-IVR S t a g e  

A. E n g i n e e r i n g  Change P r o p o s a l s  (ECP'S) 

The f o l l o w i n g  ECP's were reviewed and recommended f o r  approval :  

ECP 388C ( t o  modify t h e  model DSV-4R-438A gas  h e a t  exchanger  
s o  t h a t  gaseous  he l ium cou ld  b e  used t o  s e t  t h e  gaseous hydrogen 
r e g u l a t o r )  . 

ECP 904-1E ( t o  modi f y  v a l v e s  i n  t h e  DSV-4R-438 t o  p r e v e n t  
stem l e a k a g e ) .  

ECP 904-2E ( t o  modify v a l v e s  i n  t h e  DSV-4B-438A). 

ECP 3633 ( t o  add a v e n t  p o r t  t o  t h e  v e n t  s t a c k  of t h e  gas 
h e a t  exchanger ) .  

B. Umbi l i ca l s  

The S-IVB forward / Ins t rument  Uni t  (IU) u m b i l i c a l  C a r r i e r  was 
i n s t a l l e d  on t h e  SA-203 v e h i c l e  a t  complex 34. 



111. Instrument  Unit  

A. I U  Pneumatic Console 

ECP 2028-1, which implements i n s t a l l a t i o n  of a  se rvo  
a m p l i f i e r  t o  complement the  high accuracy t ransducer ,  was reviewed and 
recommended f o r  approval t o  the  Vehicle GSE Manager, I - I / I B - G .  

B. Ground Support Cooling Unit (GSCU) 

1. A consol ida ted  modiffcat ion p lan  which proposed t o  
i nco rpora t e  a l l  ou ts tanding  modff icatfons f o r  each GSCU simultaneously 
a t  t he  Chrys le r  Corporat ion Space Divis ion (CCSD) p l a n t  i n  Hun t sv i l l e  
was reviewed. Implementation of t h i s  plan was recommended t o  the  
Vehicle  GSE Manager, I - I / I B - G .  

2. Cont rac t  end i tem (CEI) 09R102A, s p e c i f i c a t i o n  CP09RA- 
100002A, I U  GSE cool ing  unf t ,  was reviewed and approved. 

C. Servf c ing  Requf rements 

A r eques t  f o r  a  change i n  o r i f i c e  s i z e s  f o r  t he  S-IB lox  tank 
p r e p r e s s u r i z a t f o n  system was forwarded t o  Kennedy Space Center (KSC). 
The change was reques ted  by CCSD t o  provide b e t t e r  assurance t h a t  lox  
tank p r e p r e s s u r i z a t i o n  w i l l  be completed i n  t he  time allowed and t o  
b r i n g  launch complex (LC) 37 t o  the  same conf igura t ion  as  LC 34. The 
change i s  e f f e c t i v e  f o r  veh ic l e s  SA-202, SA-203, and subsequent veh ic l e s .  

D. Operat ions Analysis  

The program plan  f o r  the  opera t ions  and r e l i a b i l i t y  a n a l y s i s  
of t h e  Sa turn  I B  launch veh ic l e  prepared by CCSD a t  Michoud has been 
reviewed and recommended f o r  usage by CCSn i n  conducting the  s t u d i e s  
and ana lyses  w i th  outputs  depic ted  i n  the plan.  The plan with s p e c j f i c  
review comments and wi th  the  recommendation of i t s  usage has been t r ans -  
mi t t ed  t o  t he  MSFC Saturn  I R  Program Off fce  f o r  implementation i n t o  the  
Sa turn  I B  a n a l y s i s  e f f o r t .  

I V .  General 

A. AS-206 Nose Cone Assembly 

A l ayou t  of the  25" nose cone was made f o r  the  SA-206 veh ic l e .  
This  layout  de f ines  t he  p re sen t  s t r u c t u r a l  conf igura t ions  f o r  t he  nose 
cone and mating Spacecraf t  Lunar Excursion Module (LEN) Adapter (SLA) 
r ing .  



B. Mechanical Support Equipment 

I, An i n t e r c e n t e r  meeting was he ld  t o  decide a c t i o n  t o  be 
taken by r e spons ib l e  o rgan iza t ions  t o  provide access  f o r  s e r v i c i n g  t h e  
LEM on f l i g h t  SA-206 and subsequent LEM f l i g h t s .  

2. MSFC w i l l  provide tiedown p o i n t s  on t h e  XA 477 p la t form 
l e v e l  f o r  t he  landing  r a d a r  checkout u n i t  and a  f i x t u r e  f o r  handl ing 
t h e  u n i t  u t i l i z i n g  t h e  I U  c a r t .  

3. MSFC w i l l  a l s o  provide a  new c a r t  f i x t u r e  f o r  handl ing  
t h e  ST-124 p la t form and a  b racke t  on t he  model DSV-4B-402 (lower l e v e l )  
p l a t fo rm f o r  suppor t ing  t h e  SHe ( s u p e r c r i t i c a l  helium) box. 

C. SA-203 Nose Cone 

The c r i t i c a l  des ign  review (CDR) f o r  t h e  SA-203 nose cone 
access  k i t  was approved. The design was such t h a t  t h e  design package 
was a l s o  approved a s  a  CDR. This  access  k i t  w i l l  be provided by CCSD. 

D. Sa turn  Teehnf c a l  Inf  ormatf on Handbook 

The SA-203 Handbook, Volume 111, S-IVB S tage ,  was d i s t r i b u t e d .  

E. Sa turn  Vehicle  Data Rook 

The fo l lowing  d a t a  book supplements and r e v i s i o n s  were 
d i s t r i b u t e d :  

The pre l iminary  f l i g h t  r e p o r t  supplement f o r  SA-201 Data Book. 

SA-203 Data Rook, Revis ion I ,  S-IVR Stage.  

SA-204 Data Book, Revision 1. 

P r o j e c t  Specif i c a t i o n s  

1. The SA-202 p r o j e c t  s p e c i f i c a t i o n s  were d i s t r i b u t e d .  

2. The Standard Launch Vehfcle P r o j e c t  S p e c i f i c a t i o n  (SA-213 
through 228) was submit ted t o  Technical  Systems Offf c e ,  R-TO, f o r  
approval .  

G. Sa tu rn  TR Launch Vehicle  Design Reference MYssion Sequence 

A r ev i sed  r e l e a s e  of t h e  Sa turn  I B  Design Reference Mission 
Sequence (DRMS) Drawing number lOM30401, Revision A ,  was r e l e a s e d  f o r  
a n a l y s i s  and p lanning  purposes.  The document p re sen t s  a  des ign  
r e f e r ence  mission sequence covering the  time per iod  from s t a g e s  a r r i v a l  
a t  KSC through end of launch veh fc l e  mission.  



H. SA-203 F l i g h t  Sequence 

A r ev i sed  Sa turn  IB/SA-203 f l i g h t  sequence was r e l ea sed  t o  
A s t r i o n i c s  Laboratory t o  i nco rpora t e  r e s u l t s  of r ecen t  a n a l y s i s  of 
ven t ing  sequence and o t h e r  LH2 experiment requirements received by MSFC 
from Douglas A i r c r a f t  Company (DAC) . 

I. Saturn  IB/SA-206 F l i g h t  Sequence 

The Sa turn  IBfSA-206 veh ic l e  f l i g h t  sequence requirements of 
t h e  l abo ra to ry  (drawing number 10M30156) were completed. These requi re -  
ments w i l l  be  incorpora ted  i n  the  f l i g h t  sequence program prepared by 
A s t r i o n i c s  Laboratory.  The sequence includes a l l  events  from l i f t o f f  
through S-IVB s t a g e  burn,  incfudfng the  shutdown sequence a f t e r  S-IVB 
engine cu to f f  . 

SATURN V 

I. S-IC Stage 

A. Monitor and Control  System 

The Boeing Company (TBC) has been requested t o  change the  
quick d isconnect  f i t t i n g s  on the  monitor and con t ro l  system of the  f u e l  
and l o x  tank p r e s s u r i z a t i o n  system of t he  S-IC s t age .  The Aeroquip 
f i t t i n g s ,  p a r t  numbers 75M51371, 75M51372, and 75M51374, have been 
s e l e c t e d  because of a  unique t w i s t  Pock f e a t u r e  which prevents  undue 
s t r a i n  from causing the  f i t t i n g  t o  l eak .  The p re sen t  quick disconnect  
f i t t i n g s  leak  under some ope ra t ing  condi t ions .  

B. F-1 Engine I n t e r f e r e n c e  Study 

The i n t e r f e r e n c e  s tudy between the  F-1 engine and the  LUT 
(launch umbi l ica l  tower) l e v e l  p la t form has been completed. The 
layout  and suppor t ing  c a l c u l a t i o n s  i n d i c a t e  t h a t  t he re  i s  i n t e r f e r e n c e  
between the  F-1 engfne and p la t form when the  engine i s  gimballed f u l l  
inboard by t h e  s e r v s a c t u a t o r s .  Follow up a c t i o n  on t h i s  problem w i l l  
cont inue.  

I n t e a r a t f  on Tes t  Requi rements 

The i n t e g r a t i o n  t e s t  requirements and s p e c i f i c a t i o n  f o r  t he  
S-IC ground h y d r a u l i c  system checkout u n f t ,  TBC document D5-15403-2, 
was approved. 

D. S-IC Hydraul ic  Supply and Checkout Unit  

I n i t i a l  checkout of u n f t  3  was begun a t  t he  mechanical 
automatfon breadboard (MBB) on May 10 ,  1966. 



E. Forward Umbilical Se rv i ce  Unit  

Acceptance t e s t i n g  of t he  S-IC forward umbi l ica l  s e r v i c e  u n i t s  
intended f o r  t h e  Tes t  Laboratory and f o r  KSC ML-1 was completed on 
A p r i l  1, 1966. 

S e r v i  c ing  Requf rements 

The Sa turn  VfS-IC s t a g e  f l u i d  requirements 13M50096 were approved 
by Research and Development Operat ions (R&DO) and the  Configurat ion 
Cont ro l  Board (CCB) and forwarded t o  t h e  MSFC repos i to ry .  The f u n c t i o n a l  
f n t e r f a c e  c o n t r o l  document (ICD) i d e n t i f i e s  t he  f l u i d  requirements r equ i r ed  
t o  s a t i s f y  t h e  s t a g e  a t  the  ground suppor t  equipment (GSE) and veh ic l e  
i n t e r f a c e .  

G. S-IC Documentatf on 

The fo l lowing  documents were approved: 

I-V-GTS 1-05-1400, Sa turn  V i n s t a l l a t i o n  checkout t e s t  
s p e c i f i c a t i o n .  

I-V-GTS 2-01-1400, Sa turn  V o p e r a b i l i t y  and c a l i b r a t i o n  t e s t  
s p e c i f i c a t i o n .  

I-V-GTS 2-05-1400, Sa turn  V operab i  li t y  and c a l i b r a t i o n  t e s t  
s p e c i f i c a t f o n .  

D5-15403, I n t e g r a t i o n  t e s t  requirements  and s p e c i f i c a t i o n s ,  
S-IC engine f n e r t i n g  sys  terns checkout. 

D5-15401-1, I n t e g r a t i o n  t e s t  requirements and s p e c i f i c a t i o n s  
f o r  t h e  S-IC pneumatic consoles .  

11. S-I1 S tage  

A. Mechanical Support Equipment 

1. The fol lowfng design c r i t e r i a  s h e e t s  have been approved: 

DC 1082 (N) Bandling Device,  Submult iplexer .  

DC 1086 ( N )  Handling Device , Lox Prevalve . 
DC 1077(N) Ho i s t i ng  Un i t ,  Universa l ,  I n t e r n a l  S tage .  

DC 1084 (N) Handl i n g  Device, Lox F i l l  and Drain Valve. 

2. The pre l iminary  design review approved t h e  S-I1 b a t t e r y  
c a r r i e r  des ign .  



B. Ordnance Handling Containers  

Engineering drawings and CEI s p e c i f i c a t i o n s  a r e  be ing  prepared 
f o r  manufacture of ordnance handl ing  con ta ine r s  f o r  the  S-I1 s tage .  
Manufacturing Engineering Laboratory w i l l  manufacture t he  conta iners .  

C. I n t e g r a t f o n  Tes t  Requfrements 

The i n t e g r a t i o n  t e s t  requirements and s p e c i f i c a t i o n s  f o r  t he  
fo l lowing  equipment were approved: 

S-I1 pneumatic console  t e s t  - s e t  (TBC document D5-15411-17). 

S-I1 pneumatic systems checkout wi th  S-I1 s imula tor  (TBC 
document D5-15413-4). 

D. P r o p e l l a n t  U t i l i z a t i o n  Ca l ib ra t ion  Unit  Tes t  Se t  

The acceptance t e s t s  were completed f o r  t h e  S-I1 p rope l l an t  
u t i l i z a t i o n  c a l f b r a t i o n  u n i t  t e s t  s e t  (C7-85) f o r  use a t  the  v e r t i c a l  
assembly b u i l d i n g  (VAB) high bay. 

E. I n t e g r a t i o n  Tes t  Requirements and Spec i f i ca t ions  

I n t e g r a t i o n  T e s t  Requirements and Spec i f i ca t ions  f o r  S-I1 
Pneumatic Console Tes t  S e t ,  End I tem Checkout (D5-15411-17) were approved. 

F. Se rv i c ing  Requfrements 

A comparison of S-11-T loadfng a t  Mis s i s s ipp i  Tes t  F a c i l i t y  
(MTF) and planned S-I1 loadfng a t  KSC was i n i t i a t e d .  A memorandum was 
prepared reques t fng  d a t a  from MTF t o  provfde KSC with knowledge of the  
loading  condi t ions  p r i o r  t o  loading of SA-5OOF a t  KSC. 

111. S-IVB Stage 

Pneumatic Ground Support Equipment (MGSE) 

1. Modif ica t ions  t o  t h e  Systems Development F a c i l i t y  (SDF) S-IVB 
pneumatic consoles  (DSV-4B-432 and DSV-4R-433) and the  po r t ab l e  t e s t  s e t  
(DSV-4B-286) were completed. 

2. The pneumatic console ,  DSV-4B-432, was shipped t o  the  SDF on 
May 3, 1966. The t e s t  s e t ,  DSV-4B-286, and the  pneumatic console 
DSV-4B-433, were shfpped t o  SDF on May 6 ,  1966. 

3. Deviat ion approval reques t  CSD-0040, pe r t a in ing  i n  the  S-IVB 
pneumatic consoles  f o r  t h e  Saturn V SDF was approved. 



4. Cleaning and t e s t i n g  of the  S-IVB space f l i g h t  s imu la to r  
a u x i l i a r y  console  was completed, Del ivery was made t o  the  SDF on 
May 26, 1966. 

I V .  Instrument  Unit  

I U  Cooling Equipment 

Unit  14 s u c c e s s f u l l y  completed acceptance t e s t s  a t  Chrys le r  
Airtemp and was then shfpped t o  I n t e r n a t i o n a l  Business Machine (IBM) 
i n  Huntsvf lPe f o r  Sa turn  V I U  checkout. 

V. General 

A. P r o j e c t  Spec f f f ea t i ons  

l. Revis ion "A" t o  t h e  SA-501 p r o j e c t  s p e c i f i c a t i o n  was 
submit ted t o  t h e  Level  I1 CCB f o r  approval.  

2, The p r o j e c t  s p e c f f f c a t f o n  f o r  SA-501 through SA-515 has  
been prepared and d f s t r f b u t e d  f o r  c e n t e r  review. 

B. I n t e g r a t i o n  Tes t  Requirements and S p e c i f i c a t i o n s  

Sa turn  V I n s t a l l a t i o n  Checkout Tes t  S p e c i f i c a t i o n  VABH Launch 
Vehicle  MGSE (I-V-GTS 1-18-2400) was approved. 

C. Spent S t a ~ e  

Design ground r u l e s  f o r  the  S-IVB spent  s t a g e  e f f o r t  were 
r e l ea sed .  

D. Operat ions Analysis  

The fo l lowing  l i s t  of Sa turn  V program b a s e l i n e  documentation 
prepared by TBC has  been r e l ea sed  t o  the  MSFC Saturn  V Program Of f i ce  
f o r  implementation wi th  the  s t a g e  c o n t r a c t o r s  and KSC: 

TBC document D5-l600l-910, volumes l and 3,  r e v i s i o n  "C", 
Sequence of Events.  

TBC document D5-16001-012, volumes 1, 2 ,  and 3 ,  Event Operat ions 
Summary Sheets  . 

TBC document D5-16001-122, r e v i  s i o n  "C" , Low Bay Operat ions.  

TBC document D5-16001-120; r e v i s i o n  "B", Operat ions.  

TBC documents D5-16002-120 through D5-16002-124, Operat ions.  



E. Umbi 1 icaPs  

1. A l l  umbi l i ca l  hardware requi red  f o r  SA-500F has  been 
d e l i v e r e d  and i n s t a l l e d  on t h e  v e h i c l e  a t  M e r r i t t  I s l a n d  Launch 
Area (MILA). 

2. A r e v i s e d  manual, R e l i a b i l f t y  Analysis  Model Report (RAM), 
f o r  SA-501 was d i s t r i b u t e d .  

F. Sa tu rn  V Mass Measuring P r o p e r t i e s  Program 

A r e p o r t  e n t i t l e d  "Level of Confidence Computer Program f o r  
t h e  Sa turn  V Mass Measuring P r o p e r t i e s  Program," was completed. Methods 
developed f o r  reduc ing  t h e  number of measurements f o r  e f f e c t i v e  r e s u l t s  
i n  t h e  Sa tu rn  V Mass Measuring P r o p e r t i e s  Program were descr ibed  i n  t h i s  
r e p o r t .  

ADVANCED TECHNOLOGY 

I. Systems Design 

A. O r b i t a l  Mission Number 2 

A l ayou t  has  been prepared d e f i n i n g  13 experiments l oca t ed  
on t h e  LEM l a b o r a t o r y  f o r  o r b i t a l  mission number 2 .  This  layout  w i l l  
b e  used  f o r  p r e s e n t a t i o n  purposes t o  Advanced S tud ie s  Branch and NASA 
Headquarters  personnel .  

B. Experiment Number 2 

1. A t o t a l  of t en  d e t a i l e d  i n s t a l l a t i o n  drawings f o r  
Experiment number 2 were r e l ea sed  t o  Manufacturing Engineer ing Laboratory.  

2.  The new a f t  f a i r i n g  has  been incorpora ted  on the  sensor  
pane ls  I C D  drawing. 

C. MSPC Experiment Number 3 through 7 

The p r e s s u r i z a t i o n  and f i l l  and d r a i n  systems a r e  be ing  
i n t e g r a t e d  i n t o  t h e  LEM s t r u c t u r a l  s t a g e  suppor t  Payout. 

D. MSFC Experiment Number 15 

The mechanical assembly drawing, POM22550, f o r  MSFC Experiment 
Number 15 was r e l ea sed .  



The fol lowing development programe and t e s t  prscedurea have 
been completed: 

VSA-T-66-1, "Test Procedure fox the  Evs lua t ion  of Low 
Ampl i , f i c&t i~n  Btacketlry." 

VSA-T-66-2, ''Low Amplif icat ion Bracket Development Program. " 

VSA-T-66-2, "Evaluation and Qua l i f i ca t ion  Program f o r  
E l e c t r i c a l  Cable Ties  and Clamps." 

F. Replacgment qf f U  Coolant Lines 

The f e a s i b i l i t y  s tudy r e p o r t  and layouts  f o r  the  u t i l i z a t i o n  
of brazed f i t t i n g  on the  IlJ Environmental Control  System (ECS) were 
completed. The study recornends t h e  incorpora t ion  of brazed f i t t i n g s  
i n  t he  IU ECS f o r  i nc rease  i n  r e l i a b i l i t y ,  weight ~ a v i n g s ,  e l imina t ion  
of leakage problems, and reduct ion  of contamination problems. 

G, Liquid Ordnance P rone l l an t  Dispersion System 

The comparison s tudy of the  new Aeroje t  General l i q u i d  
exp los ive  and the  Aerex L-1 has been cgmpleted. The h e a t  requirements 
f o r  maintaining the  Aerex L-1 above 20°F. have been e s t a b l i s h e d ,  whi le  
t he  h e a t  requirements f o r  maintaining the  Aesojet  General l i q u i d  
explos ive  above f r eez ing  a r e  be ing  inves t iga t ed .  An i n v e s t i g a t i o n  t o  
determine the  f e a s i b i l i t y  of r ep l ac ing  the  B-nut f i t t i n g s  wi th  brazed 
f i t t i n g s  i s  being made. 

H. Ordnance Camera E jec t ion  System 

The f e a s i b i l i t y  t e s t  phase on the  ordnance camera e j e c t i o n  
was completed and the  Q u a l i f i c a t i o n  Tes t ing  Program i s  being prepared. 
Severa l  more f i r i n g s  w i l l  be  made t o  ob ta in  b e t t e r  d e f i n i t i o n  of t h e  
v e l o c i t y  versus  i n i t i a l  volume curves p r i o r  t o  e n t e r i n g  q u a l i f i c a t i o n  
t e s t i n g .  An inc rease  i n  cos t  of R&D c a r t r i d g e s  and l a t e r  de l ive ry  impact 
w i  li be r e f l e c t e d  i n  the new q u a l i  f i c a t i o n  t e s t i n g  t echn ica l  d i r e c t i v e ,  

I. I U  Cold P l a t e s  

The phys i ca l  i n t e r f a c e  con t ro l  document, 13M20720, has  been 
completed whlch reserves  I U  cold p l a t e s  13  and 24 f o r  f u t u r e  MSFC 
experiment equipment. 



1 ,  The "inboard p ro f i l e ' '  l ayout  f o r  t he  spent  s t e g e  experi-  
ment, 5810-7284, i s  be ing  updated t o  inc lude  tkc l a t e s t  6 t r u c t u r a l  
con f igu ra t i ons .  A ske tch  hes been made of t h e  tub ing  layout  f o r  t he  
a i t l o c k  and LH2 tank p r e s s u r i z a t i o n  system. 

2, A l ayou t  de f in ing  major cab l e  rou t ings  was made. 

3.  A concept f o r  a mfctometearoid s h i e l d  around the  a i r l o c k ,  
SK-7283, was completed and given t o  S t ruc tureu  Div is ion  f o r  a n a l y s i s .  

4 .  Another layout has been initiated t o  de f ine  t he  components 
l oca t ed  i n a t d e  t he  a i r l a c k .  ThLe w i l l  be preeented t o  S t r u c t u r e s  
Div ie fan  ee a i d  i n  defining the  a t t a c h  p a i n t s  i n s i d e  t he  a i r l o c k ,  

#, Mechanical S u z ~ r t  Equipment 

1. A layout  98 being  prepared showing the  a i r l o c k  h o i s t i n g  
f i x t u r e  and the  airlock hoilgt'tnp, clamp. The h t r i ~ t i n g  f i x t u r e  and clamp 
des ign  i s  auch t h a t  t he  h o r i ~ o n t a l  tube s t r u c t u r e  i s  used as  t h e  pickup 
p a i n t s ,  The kote t lng  fixture i e  designed t o  g tvc  equal load d i s t r i b u t i o n  
t o  each sf the f o u r  pickup p o i n t s ,  The use of t h i s  type f i x t u r e  and 
clamp will n c c e s a i t a t c  t he  no tch ing  ~f t he  meteoroid s h i e l d  a t  each of 
t h e  four  hard-paint  p o s i t f a n e .  The cu tou t s  w i l l  be approximately 9" wide 
x 15" long and should n o t  decrease  t he  meteoroid p r o t e c t i o n  provided 
below the  acceptab ke l e v e l .  

2, Five pre l iminary  information packages, u t i l i z i n g  the  p re sen t  
a i r l o c k  concept ,  have been prepared on t h e  following: 

Handling sequence f o r  KSC a c t i v i t i e s .  

Pre l iminary  design (conceptual)  of a i r l o c k  handl ing 
equipment. 

Pre l iminary  design (conceptual)  of necessary  access  
p la t forms .  

Analyses and pre l iminary  design (conceptual)  of t he  
necessary  component and handl ing  equipment. 

Determinat ion of the  necessary  modi f ica t ions  t o  e x i s t i n g  
access  and handl ing  equipment. 

L. Sa tu rn  V Vehicle  Assembly Documentation and Hardware 

The r e spons fb i lb ty  for the prepa ra t i on  and maintenance of t h e  
Sa tu rn  V f i n a l  assembly documentation w i l l  be r e t a i n e d  by t h i s  d i v i s i o n ;  



t h e  c o n t r a c t  w i t h  TRC f o r  t h i s  documentation w i l l  be  cance l led .  The 
c o n t r a c t  w i thTBC f o r  t h e  mating hardware w i l l  a l s o  be cance l led  except  
f o r  t h e  AS-501 vehic le .  These cance l l a t i ons  were agreed on a f t e r  
arrangements had been made with t h e  Manufacturing Engineering Laboratory 
f o r  t h e  procurement of mating hardware. 

M. Auxf l ia ry  Propulsion System 

A dimensional ske tch  on the  S-IVB/V a u x i l i a r y  propuls ion  system 
s t r u c t u r e  was prepared f o r  Aero-Astrodynamics Laboratory. The in fo r -  
mation w i l l  be used t o  manufacture a  4 percent  model f a r  wind tunnel  t e s t .  

N. Sa fe ty  and Arming (S&A) Device Explosive T e s t i n g  

Tes t fng  conducted on t h e  Saturn V S&A device (1B33735) 
i nd ica t ed  t h a t  performance i n  t he  s a f e  p o s i t i o n  was marginal.  Since 
t h e  S&A device  used on the  Saturn V vehfc le  i s  s i m i l a r  t o  t he  one used 
on Sa turn  I B ,  a d d i t i o n a l  t e s t i n g  on the  Saturn I B  device was made. 
Modif ica t ions  were made t o  t he  device and t e s t s  c l e a r l y  showed t h a t  the  
modi f ica t ions  were successfull.. A complete t e s t  ana lys i s  i s  be ing  made. 

0. Human Fac to r s  Engfneerina 

Phase I of t he  non-system t a s k  a n a l y s i s  f o r  ' lunar  experiments 
was completed. 

P. Human Engineering Design C r i t e r i a  Study 

Document ,MSFC-STD-267A, "Human Fac tors  Engineering Design 
C r i t e r f  a ,  Stanaard f o r , "  developed under con t r ac t  wi th  the  Douglas 
A i r c r a f t  Company, was reviewed and approved a s  a  MSFC s tandard .  Minor 
e d i t o r i a l  comments a r e  being incorpora ted  i n t o  the  document p r i o r  t o  
o f f i c i a l  r e l ea se .  

MISCELLANEOUS EFFORTS 

I. Conf f  gu ra t ion  Management 

Accountfng System 

1. A l l  DAC S-IVB c o n t r a c t  end i tem base d a t a  have been put  
i n t o  the  con f igu ra t ion  management accounting system. 

2.  New forms f o r  MSFC-PROC-466 conf igura t ion  management 
accounting subsystem have been developed t o  allow f o r  submi t t ing  one 
ECP a g a i n s t  m u l t i p l e  CEI. This was a  r e s u l t  of a  change i n  NPC 500-1 
phflosophy by t h e  Configurat ion Management Of f i ce ,  I-RM-C. MSFC-PROC-466 
i s  be ing  r ev i sed  t o  r e f l e c t  these  changes. 



3. A new conf igura t ion  management accounting r e p o r t  was 
completed. 

11. ~ n t e r f a c e  Control  Document System 

ICD S t a t u s  Repor t ing  

M r .  Dannenberg, R-S, requested a computer generated "memorandum" 
t o  n o t i f y  pane ls  and working groups of de l inquent  ICD's and of ICD's 
scheduled t o  be r e l ea sed  w i t h i n  the  next  month. This  has been 
accomplished and samples have been furn ished .  

111. Engineering Documentatf on 

Correc t ions  

The l abo ra to ry  I U  P r o j e c t  Of f i ce  requested t h a t  c o n f l i c t i n g  
engineer ing  documentation r e l e a s e s  between t h i s  l abo ra to ry  and IBM be 
co r r ec t ed .  Computer programs have been w r i t t e n  t o  a s s i s t  i n  t h i s  e f f o r t .  
Approximately 400 documents were i d e n t i f i e d  f o r  co r r ec t ion .  

I V .  Engineering P a r t s  and Release Records (EPRR) 

Report ing Changes 

A change w a s  made i n  TBC engineer ing  repor t ing .  The Engineering 
Master P a r t s  L i s t  (EMPL) and Engineering Assembly P a r t s  L i s t  (EAPL) , 
and r e l e a s e  record were combined i n t o  one r e p o r t .  The new r e p o r t  i s  
now l abe led  t h e  EPRR. New a b s t r a c t s  and format explana t ions  were 
rece ived  and d i s t r i b u t e d  t o  a l l  u se r s  a t  MSFC. 

b c t i n g  Chief ,  v e H c l e  
1/ Systems Divis  on 7 
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SATURN IB 

I. S-IB Stage 

A .  F u e l  Vent L ine  Support  Bracke t  

The Vibration and Acoust ics  Branch  was reques ted  to investigate 
the Chrys l e r  p roposed  modification to the support  b racke t  of the S-IB 
fuel  vent  l ine .  The b r acke t  had fai led,  along with the fuel  vent l ine ,  
during qualification t e s t s .  Thls  l ine was included in  the approved waiver 
l i s t  f o r  201 flight. Ch rys l e r  main ta ins  that  the  l ine  fa i lu re  was a r e su l t  
of the b racke t  fa i lu re .  The Vibration and A c o u s t ~ c s  Branch  has  r ecom-  
mended  that  the m o d ~ f i c a t i o n  be applied to SA-203 if ,  and only if ,  i t  can 
be qualif ied by t e s t  p r i o r  to  s tage instal lat ion.  A possibil i ty ex i s t s  that 
the  b r acke t  modification could t r a n s m i t  a h igher  vibration environment  
dur ing fl ight  than the c u r r e n t  bracket .  There fore ,  unless  this  b racke t -  
l ine  ins ta l la t ion can be  qualif ied before  instal lat ion,  a higher confidence 
would ex i s t  with the  c u r r e n t  b racke t  design,  

B, P r e s s u r e  Equalizing Tube Assembly  and GOX Expansion Jo in t  

Oualif ication t e s t s  we re  a t tempted on the S-IB p r e s s u r e  
equalizing tube a s sembly  and GOX expansion joint. A fa i lu re  o c c u r r e d  
dur ing s ine  t e s t  in the f i r s t  ax i s  (flight).  Ch rys l e r  h a s  decided to change 
the  t e s t  se tup  to e l iminate  the outer  LOX tank dome,  and r e - r u n  the t e s t  
using c u r r e n t  qualification leve l s .  The c u r r e n t  t e s t  se tup i s  the be s t  



s imulat ion of the actual. operating condition and i s  the m o s t  applicable 
fo r  the  spec i f ica t io r~s  ~ ~ s e d ,  The Vibration and Acoust ics  Branch  
r ecommends  thatthe c u r r e n t  se tup be used ,  but that  Chrys l e r  review 
the  t e s t  speci.ficahions and salbmit fo r  approval a m a s s  at tenuated 
specifj.catlon. 

11. S-IVB Stage 

A. Model Fabr ica t ion  - 

The S-IVB stage panel f l ~ ~ t l t e r  mode l  fabr icat ion schedule h a s  
been revksed The p r e s s u r e  survey  rnodel will be completed by June  20, 
1966, and the  i lutter model  wiil be completed by- Jnly  5, 1966. The 
p r e s s u r e  SIIPT. e j model wind tu r~ne l  t e s t  i s  now scheduled to begin 
July- 18, 1966.. The  f l ~ ~ t k e r  model  wind tunnel t e s t  r ema ins  a s  p r e v ~ o a s l y  
s c h e d d e d ,  The fEqal s t r e s s  r epo r t ,  p r epa red  by BEGO, was r e l ea sed  
dur ing th i s  per iod  

B ,  Model Specimen --- 

A deflectLon ana lys i s  h a s  Seen completed fo r  the S-ZVB panel 
f lu t t e r  mode l  specimen,  Resu l t s  show that  the de s i r ed  buckling s t r e s s e s  
in the  panels  a r e  a s s ~ s r e d ,  

C, Angallar Velocit ies 

C r i t i c a l  angular- vePocities for  the Saturn IB during S-IVB burn 
w e r e  published using gimbal  angles  of "Po l0 deg r s  : (memorandum 
R-P&VE-SLL-66-30) ,  

D, Weld Pnve stigation 

On Apr i l  29 ,  1966, a rnecting was held  with Douglas to d i s cus s  
the s t a tu s  of the comrnotz bulkhead /LOX bulkhead joint, f i l le t  weld 
investagatlon, MSFC ana lys i s ,  along with an evaluation of the S-HVB 
and S-IV t e s t  f a i l u r e s ,  indicates  that  the joint i s  s t ruc tura l ly  deficient  
and that  s t r u c t a l ~ a %  reznforcement  should be incorporated,  The decision 
f r o m  the  meeting was that  AS-203 and AS-501 could he flown without 
beef- up, being unmanned f l ights ,  AS-202 will be re inspected f o r  poss ible  
p rob l ems .  F u r t h e r  tes t ing i s  in  p r o g r e s s  t o  prove the  adequacy of 
des ign  fo r  impac t  o r  manned  vehic les .  



111. Gene ra l  

Resu l t s  of flight evaluation of low frequency accelera t ion leve l s  
on the Sa turn  IB, AS-201 flight was sent  to  R-AERO-F f o r  t r ansmi t t a l  
t o  MSC (memorandum R-P&VE-SLR-66-20) .  

A l a t e r a l  v ibrat ion analysis  of the Saturn IB, SA-202 vehicle 
dur ing f i r s t  s tage burning was completed (memorandum R-P&VE-SLA- 
66-12). 

C. SA-204 and Subs F o r w a r d  Sk i r t  Ring F r a m e s  

F u r t h e r  analysis  found the r ing f r a m e s  i n  the fo rward  s k i r t  of 
the SA-204 and subs  s tages  above the f r a m e  to be s t ruc tura l ly  adequate 
to c a r r y  the  negative differential  p r e s s u r e  imposed  by aerodynamic 
loads .  This  determinat ion resu l ted  f r o m  using m o r e  refined p r e s s u r e  
dis t r ibut ions  and flexible r ing f r a m e  analysis  methods.  

A l a t e r a l  vibration analysis  of the Saturn IB, AS-207 vehicle 
dur ing f i r s t  s tage burning was completed (memorandum R-P&VE-SLA- 
66-10), 

A to rs iona l  vibration analysis  of the  Sa turn  IB, AS-207 vehicle 
dur ing f i r s t  s tage burning and fo r  a l l  s t ages  empty was completed 
(rnemorandunl R-  P&VE-SLA- 66-11). 

A l a t e r a l  v ibrat ion analysis  of the Saturn IB, SA-207 vehicle 
dur ing S-IVB s tage burning was completed (memorandum R-P&VE-  
SLA- 66-13). 

E.  Saturn IB Improvement  Studies 

The m i d t e r m  review by Douglas and Chrys l e r  on May 18, 1966, 
was  at tended.  Conceptual drawings  re la t ing to the s t ruc tu r a l  changes 
we re  reques ted  fo r  review. Monthly p r o g r e s s  r e p o r t s  we re  reviewed. 



SATURN V 

I. S-IC Stage 

An analysis of t e s t  data f rom stat ic  t e s t  S-IC-13 was initiated 
for  1ongit~;dinaI loads and vibrati0n.s. 

B. SA-5051s-IC Fuel  Ta?rtk. 

The SA-503/S-IC f1-,53. tank upper bulkhead was severely 
buckled during testing on April  29, 1966. This was caznsed by a 
aegative press:lre imposed 02 the bulkhead while drainirig the tank 
af ter  a su.ccessfuJ. proof tes t ,  The buckles were two or  three feet  
deep in  sorr1.e a r e a s  and the bulkhead was considered anrepairable  
a ~ d  wlil be replaced. 

C, Forward  Skir t  Panel  

Another developmental bonded forward sk i r t  panel was success  - 
fully tes ted  by Rohr C o r p o r a t i o ~  on May 12, 1966. P r i o r  to and durfng 
a p p l i c a t i o ~  of axial  load, one end of the panel was subjected to - 2 5 0 ~ ~  
and the other to +180°F. The fai lure  load was approximate7*y 210 kips, 
and the panel was designed f o r  aa ultimate load of 204 kips. The 
fai lure  appeared to be caused by debonding of the s t r ingers  f rom the 
skin. 

D. Loads 

The S-IC stage was evaluated for  the loads presented in 
memorandum R-P&VE-SLR-66-27, "Dynamic loads for  Saturn V, 
AS-504 ,vehic!e during f i r s t  stage cutoff and separation, " dated May 9, 
1.966, No st.ructu.ral impact  was indicated and factor of safety- of 1 .4 
was maintaiced, 

The S-;C stage was structrlrally evaluated for  the loads 
presented i r ~  R- P&VE-SLE- 66-22, "Longitudinal dynamic loads 
Saturn. V/  Voy ager  with 22. 7-foot; shroud, I '  dated April  14, 1966. No 
s t ruc tura l  Impact was indicated and a factor of safety of 1.4 was main- 
tained, 



The S-IC stage was s t ructural ly  evaluated for  the loads 
presen ted  in R-P&VE-SLL-66-23, "Longitudinal force  distribution 
fo r  AS-504 with ear ly  CECO t imes ,  I t  dated April  20, 1966. This 
memorandum supersedes  R-P&VE-SLL-66-18. No s t ruc tura l  impac t  
was indicated for  the ear ly  CECO t ime cases  and a factor  of safety of 
1 .4  was maintained. F o r  the nominal ca se  (0. 0 sec  CECO), the marg in  
of safety i s  s t i l l  minus  4. 5 pe r  cent. 

E .  General  

An evaluation of the 1-318-inch diameter  bolt head fa i lure  of 
the splice on the lower caps of the crossbeam-to-center  c ruc i form of 
the SA-5011s-IC vehicle indicated that an insta l la t ionlmater ia l  f inish 
problem exis ts .  Boeing i s  taking the following action: 

1. Discontinue the use of a water-cooled dril l ing tool f o r  
dri l l ing the splice bolt holes . 

2. Cadmium plate the radius  between bolt head and shank. 

3 .  Install  bolts in splice with a wet zinc chromate compound. 

4. Replace the 118-inch thick washer  used in this splice with 
114-inch thick washers .  

5. Replace the bolts in  the splice a r e a  on al l  fabr icated S-IC 
flight s tages  with new bolts. 

6. Conduct an environmental  t e s t  p rog ram on the bolts. 

A. 2020-T6 St r ingers  

Acoustic t e s t  r e su l t s ,  given cu r so ry  review by the Vibration 
and Acoustics Branch,  indicate that  l i t t le confidence in  the integrity of 
the s t r i nge r  installat ion in  the S-ICIS-I1 inters tage a r e a  has  been 
attained. Specifically, test ing deficiencies existed in: the t e s t  
specimen used; instrumentation employed; and inadequate facility 
and leve ls  attained. In addition, North Amer ican  was not able to 
c lear ly  s ta te  their  r ea sons  for  originally activating acoustic testing 
when fa i lu res  had occur r e d  under impact loading. 



The conclusions gathered were that: S&ID does not have a clear  
position a s  to what the original testing was supposed to attain; P & V E  
and S&ID agree ,  with some reservat ions by S&ID, that the t e s t  resu l t s  
do not provide a significant level of confidence; S&ID feels there i s  
nothing m o r e  that they can do by way of testing, short  of a r e sea rch  
program,  to increase  the confidence; and S&ID management will review 
the t e s t  data again and will consider the views and position of P & V E  
technical consultation. S&ID will p repare  a le t te r  stating their  exact 
position and future plans. 

B. Instrument Container Acoustic Tes ts  

Review of acoustic data f rom the S-I1 battleship firings and 
t ransmiss ion  los s  curves f rom acoustic tes ts  completed on container 
208 revealed that the external and internal acoustic environments of 
the instrumentation containers a r e  severe.  The containers a r e  mounted 
to the S-I1 stage thrust  s t ructure and in the forward sk i r t  region. 
Because the severe  acoustic levels can cause a malfunction of cr i t ical  
e lec t r ica l  components mounted in the containers,  a le t ter  was written 
to Colonel Yarchin requesting that CCN-13 t e s t  program be modified to 
include acoustical testing on containers 207 (hard mounted) and 209 
(isolation mounted). 

C. S-I1 Stage General 

The S-11-3 forward LH2 bulkhead was severely buckled in 
hydrostat  May 5, 1966. The insulation in the upper one-third of the 
bulkhead was heavily damaged and debonded. Cause of the f a i lu re  
was an improperly installed bellows counter weight attachment bracket.  
The bulkhead has  been dye-penetrant inspected on the inner sur face  and 
along the weld lands on the outer surface.  An X-ray inspection was 
made a t  10 locations which has previous history of weld r epa i r s .  No 
cracking was detected by the inspections. The S-11-3 forward bulkhead 
has been hyrostatically tested again after i t  was buckled during i t s  
original hydrostat .  Inspection of the bulkhead indicated no weld cracks  
o r  flaws resulting f rom the buckling. Some residual deformations 
remain ,  par t icular ly a t  weld lands. A foamed in-place type insulation 
has  been proposed for the bulkhead without detrimental grinding. 



Boeing and S&ID have submitted proposed beef-ups and peaking 
load dis t r ibut ions  at the  S-IC/S-I1 in terface .  Boeing and S&ID ana lyses  
a r e  in  c lose  agreement .  Direct ion to incorpora te  the  f ixes  have been 
made .  

Investigations have been init iated on the  S-I1 s tage discontinuity 
weldment incorporat ing a p las t i c  hinge i n  the aft  LOX bulkhead. A 
s i m i l a r  type juncture on the S-IVB s tage ha s  been encountering 
f a i l u r e s  i n  hydrosta t .  It  i s  believed that  the design of this  juncture on 
the S-I1 s tage i s  adequate;  however,  no t e s t  verif ication above 80 p e r  
cent  of i t s  des ign l im i t  load has  been planned. Ult imate t e s t  ver i f ica t ion 
i s  highly recommended  i n  the discontinuity a r e a  to ver i fy  the design. 

The S-11- 3 s tage LOX sump bolts  fa i l ed  i n  proof hydrosta t .  
A redes ign  h a s  been proposed using 7116-inch d iamete r  s t ra igh t  i n s e r t  
bolts  i n  l i eu  of the stepped i n s e r t  bolts .  This  redes ign  would r equ i r e  
a th ree-week  schedule s l ip  if incorpora ted  on S-11-1. Since the cause  
of the  bolt f a i lu re  cannot be c lea r ly  identified, it i s  strongly r ecom-  
mended  that  the revision be m a d e  on S-11-1. The bolt r edes ign  should 
be requalif ied on the s t ruc tu r a l  t e s t  of the LOX bulkhead. 

The Propuls ion Division has  reques ted  s tudies  of s t r uc tu r a l  
modifications r equ i r ed  to ins ta l l  an  off-the-shelf Genie ullage mo to r  
i n  l i eu  of the c u r r e n t  Rocketdyne-developed m o t o r s  f o r  the  S-I1 s tage.  
The s tudies  indicate that  the Genie mo to r  can be adapted to the  S-I1 
s tage with modif icat ions  to  the a t tachment  b racke t s  and to the ae ro -  
dynamic fa i r ings .  These  modif icat ions  would appear  to  have a min imum 
s t r u c t u r a l  impac t ;  however,  i t  would r equ i r e  re t ro f i t  a t  M T F  o r  KSC 
f o r  S-11-1 and S-11-2. 

D. S-I1 Semitoroidal  Stage 

Brown Engineer ing 's  p re l iminary  r e p o r t  on the S-I1 s e m i -  
to ro ida l  s tage optimization study i s  being reviewed. 



111. S-IVB Stage 

A. Hydros tat I1 

A meeting was held with Douglas a t  Huntington Beach to discuss  
the testing to be performed on the new hydrostatic t e s t  tank. The 
tankage originally to be used in the AS-503 vehicle was removed f r o m  
the assembly line and provided a s  a tes t  vehicle. Since the pr imary  
problem i s  to prove the integrity of the lower fi l let  sea l  weld a t  the 
common bulkhead/LOX bulkhead joint, i t  was decided to perform a 
cyclic tes t  s e r i e s  followed by an ultimate t e s t  of this joint a s  Phase  I. 
This t e s t  will s t a r t  May 28 and the completion date i s  June 4, 1966. 
Phase I1 will be an ultimate t e s t  of the remaining portions of the tank 
assembly. The following phases will include systems failure loadings, 
and a loading to intentionally produce s t ruc tura l  failure.  

B. Forward  Skir t  Tes t  

Structural  testing of the forward sk i r t  of the S-IVB stage will 
begin on May 31, with testing to continue for  approximately one month. 

IV. Instrument  Unit 

A. Dynamic Testing 

Dynamic evaluation testing of the North American- built 
instrument  unit s t ruc ture  (500V-2) was completed during May a t  Wyle 
Labora tor ies  under the direction of IBM. There were no apparent 
s t ruc tura l  discrepancies.  Response data i s  presently being reviewed 
by IBM, and localized environments established fo r  comparison with 
previous t e s t  resu l t s  and anticipated flight environments. 

B. General  

The instrument  unit was structurally evaluated and can 
successfully withstand the loads given in R-P&VE-SLT-66-27, "Dynamic 
loads for Saturn V, AS-504 vehicle during f i r s t  stage cutoff and separa-  
tion, May 9, 1966. 

IBM's proposal for  the instrument  post-flight evaluation has  
been reviewed and the comments forwarded to R-P&VE-SJ. 



S-IV 200/500S-3 instrumentation requirements  have been 
determined i n  conjunction with IBM and have been forwarded to R-P&VE-  
SE. 

V. Genera l  

A. F-1  Engine 

Strain  gage data f r o m  the load ra t io  t e s t  on the F-1  engine, 
left  turbopump, support  s t ruc tu re  were  reduced. The data showed much 
m o r e  bending in  the s t ru t s  than was anticipated. The tes t s  have been 
completed and the support  s t ruc ture  was loaded to 180 per  cent of l imi t  
load before fa i  lu re .  The purpose of this t e s t  was to  determine the 
s t ruc tu ra l  capability of the outboard outrigger during cyclic,  yield 
tension and compression,  and ult imate compression load t e s t s .  

B. Reve r se  P r e s s u r e  Tes t s  of Model Bulkheads 

The data sys t em has  been repa i red  and i s  present ly  being 
connected to  bulkhead instrumentation,  Tes t s  a r e  scheduled to begin 
June 15, 1966. 

C. 3 P e r  Cent Model of Mobile Service  S t ruc ture  (MSS) 

A 3 pe r  cent model  of the MSS was proof-loaded to 20,000 
pounds. Upon completion of the proof loading, which the s t ruc ture  
successfully withstood, the MSS was shipped to Langley where i t  will 
be used in wind tunnel tests. 

D. S-IVB Common Bulkhead LOX Joint  Specimens 

Four teen  two-inch wide specimens have been tested.  The 

objective of the t e s t  p rog ram was to  provide data which will be used 
to evaluate the s t ruc tura l  adequacy of the actual  joint, 

E .  70-Inch Diameter  Tes t  Tank 

S t r e s s  analysis  of the 70-inch diameter  t e s t  tank support  
s t ruc tu re  has  been completed and the drawings signed. 



F. AS-209 Spent Stage Experiment  

Work h a s  been initiated on the analysis of the AS-209 Spent 
Stage Experiment .  

An analysis  to determine the dynamic loads f o r  an engine-out 
condition just  p r io r  to S-IC cutoff has  been initiated for  the AS-501 
vehicle. 

The t ra jec tory  of a point in the re lease  plane of the AS- 501 
was determined for  r e l ea se  in  a 99 per  cent ground wind (memorandum 
R-P&VE-SLR-66-30). 

Differential p r e s s u r e s  on the Saturn V spacecraf t ,  ins t rument  
unit,  and S-IVB forward  sk i r t  of the SA-501, 502, and 503 vehicles 
were  published with 100 and 150 square  inches of vent a r e a  (memorandum 
R-P&VE-SLL-66-24).  

Equations have been derived f o r  represent ing the Saturn V 
feed-l ines  a s  a continuous system instead of a spring m a s s  representat ion.  
These  new equations a r e  being added to  the cu r r en t  POGO stability 
p rog rams .  

A longitudinal dynamic loads analysis was performed for  the 
AS-504 vehicle during f i r s t  stage cutoff and separation.  This study 
was made  because of recent  F-1  engine th rus t  decay changes 
(memorandum R-P&VE-SLR-66-27). 

Equations have been derived for  represent ing the Saturn V 
feed-lines a s  a continuous sys tem instead of a spr ing m a s s  represen-  
tation. These new equations a r e  being added to the cu r r en t  POGO 
stabil i ty p rog rams .  

I. Saturn V I r n ~ r o v e m e n t  Studies 

The monthly p rog res s  repor t s  were  reviewed. A meeting 
with Boeing personnel  was attended to d i scuss  base  heating environment 
and base heat  sheild design concepts. 



APOLLO APPLICATIONS PROGRAM 

I. Orb i ta l  Exper iment  Compartment  

Design investigations of the  tank,  tank support ,  and insulation 
s y s t e m  combination were s t a r t e d  fo r  the LEM Descent  Stage C a r r i e r  
configuration. Design investigations into the s t ruc tura l  joints of the 
MSFC Expe r imen t  Rack were  a l so  s t a r t ed .  A meet ing with Propuls ion 
Division personne l  ( the exper iment  des igners )  revealed that  the total 
number  of penetra t ions  fo r  the tanks  with the  p r e sen t  configurations 
se r ious ly  affect  the  technical  value fo r  conducting the  exper iments .  
The re fo re ,  the technical  d i rec t ives  f o r  the  support  contractor  a r e  
cu r r en t l y  being r ev i s ed  to allow a determinat ion of the s t ruc tu r a l  
penal t ies  involved i n  designing fo r  a max imum of th ree  penetra t ions .  
Rack  configurations we re  investigated fo r  the  Cylindrical  Payload 
Module (CPM).  Two Division level  mee t ings  we re  cal led to de te rmine  
the  Division recommendat ions  a s  to concepts,  manpower ,  and schedule 
e s t ima te s .  Resu l t s  of the mee t ings  we re  sen t  to  the Propuls ion and 
Vehicle Engineer ing pro jec t  manage r .  

11. L E M  Expe r imen t  Compar tment  

A tank support  concept fo r  the 20-inch d i ame te r  tanks to be used 
in the G r u m m a n  LEM of the LEM exper iment  compar tment  ha s  been 
s ized .  

Manpower es t imated  fo r  the LEM exper iment  rack ,  docking s t ruc tu r e ,  
CPM support  s t r uc tu r e  study were  de te rmined  in  conjunction with 
R-P&VE-SA.  

111. Manned Flying Sys tem 

The p r o g r e s s  of Bendixls  development of a reusab le  lunar  landing 
s t r u t  was  d i scussed  by telephone, and fur ther  poss ible  improvements  
w e r e  conceived.  Because  of the s t r ingent  schedule r equ i r emen t s ,  how- 
e v e r ,  no f u r t h e r  changes we re  recommended.  A copy of Volume I of 
the Be l l  A e r o s y s t e m ' s  f inal  MFS  dra f t  r e p o r t  was rece ived  and reviewed. 



IV. LLV St ru t  Impact  T e s t s  

T e s t  spec imen  modifications,  which include l a r g e r  vacuum fi t t ings 
and a plate which will allow a be t te r  co re  f i t ,  have been completed.  
Next t e s t  i s  scheduled fo r  the week of June  13 through 17. 

V. L F V  Reusable  S t ru t  

The ins ide  d i ame te r  of the reusab le  s t r u t ' s  upper tube was rehoned 
and the  var ia t ion  i n  the fo r ce  r e s i s t e d  during the s t roke  was rechecked  
on a tensi le  t e s t  machine .  The s t roke  fo r ce  var ia t ion was improved 
considerably ,  but s t i l l  v a r i e s  by about 40 pe r  cent. It i s  poss ible  that  
s t r u t  f o r c e  var ia t ion  can be fu r ther  improved by additional chrome 
plating and rehoning. I t  i s  evident, however,  that  an improved design 
would be r equ i r ed  for  a constant  s t roke- force  relat ionship.  P r e sen t l y  
i t  i s  planned to d rop- tes t  the strut  before  fu r the r  improvements  a r e  
implemented.  

VI. Luna r  She l te r  Study 

Layouts  fo r  two she l te r  concepts w e r e  made  and a r e  cur ren t ly  
undergoing a p re l im ina ry  s t r e s s  analysis .  These  two she l t e r s  a r e  
both r ig id  s t r u c t u r e s .  The i r  purpose i s  to  evaluate ways by which the 
me teo ro id  shielding weights m a y  be reduced.  

One expandable s t ructure  concept was se lected on the ba s i s  of the 
s u m m a r y  r e p o r t  p r e p a r e d  l a s t  month.  Improvements  to the se lec ted  
concept we re  recommended  to the support  con t rac tor ,  and a new lay-  
out was s t a r t ed .  

VII. Reusable  S t ruc tu r e s  

A su rvey  of technical  l i t e r a tu r e  i s  being accomplished to de te rmine  
the s ta te -of - the-a r t  and c u r r e n t  act iv i t ies  in the f ield of reusab le  a e r o -  
space  s t  r uc tu r e s .  F o u r  control  su r f ace  and nose  shroud t e s t  panels  
des igned and manufactured under Contract  NAS8-11739 have been received 
a t  MSFC fo r  t h e r m a l  cycling t e s t s  and evaluation. Ma te r i a l s  a r e  being 
p rocu red  f o r  the manuiac ture  of four additional panels fo r  test ing under 
a combined environment .  



VIII. LLV Landing Gear  

All hardware for  the modification has  been fabricated and i s  now 
being installed in the s t rut .  Testing i s  expected to resume during the 
week of June 13 through 17. 

ADVANCED TECHNOLOGY 

I. Design Studies 

A. Nuclear Ground Tes t  Module 

The prel iminary concepts have been completed and presented 
to MSFC management. Present ly,  no fur ther  work i s  being done on the 
project.  

B. Clustered Spherical Tank Studv 

A clustered spherical  tank configuration has  been established 
and feasible means  of supporting the tank a r e  being investigated. 
Pre l iminary  sizing of the ma jo r  components has  been accomplished, 
and the calculations presently indicate that the clustered spherical  tank 
will be slightly heavier than an equal volume, single sphere.  

C. Titanium Structures  Investigation 

An assembly to make a tes t  specimen of the titanium Y -r ing 
and skin segments,  which a r e  the final products of contracts NAS8- 
20533 and NAS8-20530, i s  being investigated, The t e s t  specimen will 
be the same size and have the same attach point locations a s  the 
present  T-stiffened aluminum test  segment, so  that the existing t e s t  
f ixture can be used with only minor modification. Several assembly 
problems and specimen/fixture incompatibilities a r e  being studied. 
Information gained f rom this t e s t  will be beneficial in future titanium 
designs.  



D. Utilization of Spent Stages 

Work i s  continuing on a f inal  design for  the a i r lock s t ruc tu r e .  
Considerable  coordination with Manufacturing personnel  ha s  been 
requ i red .  A complete design layout i s  about 50 p e r  cent  complete.  

Studies we re  init iated to de te rmine  the dynamic response  of 
the NERVA-2 engine in  the Modular Nuclear Stage on top of the S-11 
s tage of the  Sa turn  MLB-3 vehicle during ma in  s tage buildup and liftoff. 

F. Ti tanium Cros sbeam 

Modification of the c ro s sbeam in Manufacturing Engineering 
Labo ra to ry  was s t a r t e d  but was  not completed. Work was stopped on 
the modif icat ion because  of higher p r io r i ty  work.  No es t imate  can be 
made  on the completion date of th i s  modification. 

11. Design Resea rch  

A. Meteoroid  Shielding 

F o u r  deg ree s  of me teo ro id  protection fo r  the  spent s tage 
expe r imen t  we re  studied and the i r  probabi l i t ies  of s u c c e s s  determined:  

1. No ex te rna l  add-on protection - no penetrat ion in  the 
i n t e rna l  insulat ion allowed. 

2 .  Use of the SLA panels  fo r  par t i a l  protection - no 
penetra t ion i n  the insulation allowed. 

3 .  No ex te rna l  protection,  but with considerat ion given to the 
p ro tec t ive  value of the in te rna l  insulation. 

4. Use of a deployable meteoro id  bumper  over  the exposed 
tank su r f ace .  

B. Oxvgen-Rich Environments  

Additional t e s t s  a r e  urgently needed to investigate m o r e  
thoroughly the poss ible  bumper  m a t e r i a l s  and the effects of hyper -  
velocity impac t  in oxygen-rich environments .  



C. Improved Heat Shield 

Ma te r i a l  p rocurement  on the  advanced hea t  shield t e s t  panels  
i s  being accomplished.  The t e s t  r equ i rements  and drawings will be 
dis t r ibuted in  June.  

D, 500F Damper  Sys tem 

The b e a m s  of the  500F damper  s y s t e m  were  del ivered f o r  
tes t ing the  week of May 2. Test ing was completed by May 7;  however,  
r equ i r ed  modifications to the  contr  01 panels  and the  hydraul ic  tubing 
delayed shipment  t o  KSC. Modifications to both panels  and beams  were  
completed and the p a r t s  we re  shipped f r o m  building 4619 on May 17. 

Cal ibra t ion of the hydraul ic  sy s t em was completed to  the extent  
tha t  the o r i f i ce  s i ze  and valve se t t ings  fo r  each  control  panel  we re  
es tab l i shed  p r i o r  to 500F 'Trol l -out .  " It was de te rmined  that  at higher 
ampl i tudes ,  the hydraul ic  sy s t em will heat  up m o r e  than the r ecom-  
mended  m a x i m u m  operat ing t empera tu r e  ( 1 9 0 ~ ~ )  of the  hydraul ic  
cy l inders .  Methods fo r  d iss ipat ing the hea t  to  lower  the operating 
t e m p e r a t u r e  a r e  being evaluated.  Copper f ins  at tached to the l ines  
between the cylinder and s lush  manifold lowered the  t empe ra tu r e  
approximately  10°F fo r  identical  r uns  using a 318-inch or i f ice .  

Also,  a t t empts  a r e  being m a d e  to lower  the  damping to  values  
that  wil l  p e r m i t  a m o r e  complete ground winds t e s t  p rog ram.  

The ins ta l la t ion of the  s tage f i t t ings to the S-IVB-D af t  i n t e r -  
s t age  was completed May 27. The t e s t  se tup fo r  proof loading t he se  
f i x tu r e s  was  s ta r ted .  Test ing should s t a r t  F r iday ,  June  3. Although 
these  t e s t s  could not be conducted p r i o r  to  500F "roll-out ,  " a s  was 
de s i r ed ,  the t e s t  m e a s u r e m e n t s ,  such a s  r ing f r a m e  deflections,  will 
be beneficial  to the s t r e s s  group should a s i m i l a r  sy s t em be r equ i r ed  
fo r  501. 



111. Structural  Experiments 

Cryogenic Tes t  Tank # 2  (105-inch diameter)  

The p res su re  level recorded in the jacket i s  presently 900 microns.  
The t a rge t  p r e s s u r e  level of 200 microns  originally established may be 
revised upwards based on recently obtained insulation tes t  data. 
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SATURN I B  

I. S-IB Stage 

A. I n v e s t i g a t i o n  of Ma te r i a l s  f o r  Thermal I n s u l a t i o n  i n  t he  Aft  
Area of t he  S-IB Stage 

The o r i g i n a l  o b j e c t i v e  of t h i s  program was t o  develop a  r ep l ace -  
ment f o r  M-31, t he  m a t e r i a l  p re sen t ly  used f o r  i n s u l a t i o n  on the  h o r i z o n t a l  
h e a t  s h i e l d  of t h e  S-IB s t a g e .  Based upon l abo ra to ry  r e s u l t s ,  t h i s  objec- 
t i v e  has been a t t a i n e d .  Two.mater ials ,  designated FTA-442A and FTA-532A 
i n s u l a t i o n s ,  have been developed and a r e  s u i t a b l e  replacements f o r  M-31, 
FTA-442A being s u p e r i o r  wi th  r e s p e c t  t o  both i n s u l a t i n g  e f f i c i e n c y  and 
adhesion t o  t h e  h e a t  s h i e l d  s u b s t r a t e .  Recent ly,  the ob jec t ive  was 
extended t o  t he  development of i n s u l a t i o n s  having h igher  temperature 
c a p a b i l i t i e s  than  the  FTA i n s u l a t i o n s .  

One approach t o  t he  development of an i n s u l a t i o n  f o r  h igher  h e a t  
f l u x e s  has  been t o  s u b s t i t u t e  r e f r a c t o r y  oxide o p a c i f i e r s  f o r  pigmentary 
potassium t i t a n a t e  (PIG) i n  t he  FTA-442A formulat ion.  As repor ted  previous ly ,  
two o p a c i f i e r s ,  zirconium oxide (Xr02) and the  ana tase  form of t i t an ium 
d iox ide  (Ti02) ,  a r e  being eva lua ted  i n d i v i d u a l l y  a s  s u b s t i t u t e s  f o r  PKT . 
During t h i s  r e p o r t  per iod ,  t he  i n s u l a t i o n s  were eva lua ted  with r e s p e c t  
t o  thermal-shock r e s i s t a n c e ,  r e f r a c t o r i n e s s ,  and i n s u l a t i n g  e f f i c i e n c y  
a s  appl ied  t o  the  S-IB s t a g e  type h e a t  s h i e l d  s u b s t r a t e .  There was no 
s i g n  of thermal-shock f a i l u r e  of e i t h e r  i n s u l a t i o n  when exposed t o  a  
r a d i a n t  h e a t  f l u x  of 24 ~ t u I f t 2 - s e c  f o r  180 seconds and quenched immediately 
i n  wa te r .  The r e f r a c t o r i n e s s  was cha rac t e r i zed  by exposing bar  specimens 
(0.300 inch  x  1 inch x  6  inches ) ,  supported a t  one end only,  i n  an  e l e c t r i c  
furnace  and r a i s i n g  the  furnace temperature u n t i l  t he  bars  s t a r t e d  t o  
s o f t e n  and bend. The ba r s  conta in ing  the  Ti02 and Zr02 sof tened  a t  1900°F 
(1038°C) and 1950°F (1066"C), r e s p e c t i v e l y ,  a s  compared t o  1550°F '(843°C) 
f o r  FTA-442A. The i n s u l a t i n g  e f f i c i e n c y  of equal  th icknesses  of the  



i n s u l a t i o n s  was determined i n  r a d i a n t  h e a t  f l uxes  of 24 and 40 Btu / f t2-  
s e c .  Af t e r  145 seconds exposure t o  24 ~ t u / f t ~ - s e c ,  the back face  tempera- 
t u r e  i n c r e a s e s  f o r  the  i n s u l a t i o n s  conta in ing  Ti02 and Xr02 were 107OF (42OC) 
and 137°F (58OC), r e s p e c t i v e l y ,  a s  compared t o  115°F (46°C) f o r  FTA-442A. 
When exposed t o  40 B tu / f t2 - sec ,  the  back face  temperature increases  a t  145 
seconds were 266°F (130°C) and 298°F (148OC) f o r  t he  i n s u l a t i o n s  conta in ing  
Ti02 and 2r02 ,  r e s p e c t i v e l y ,  and 404OF (207°C) f o r  FTA-442A. The r e s u l t s  
c . l ea r ly  demonstrate t h a t  both Ti02 and Zr02 increase  the  r e f r a c t o r i n e s s  
of t he  i n s u l a t i o n s  and improve t h e i r  i n s u l a t i n g  e f f i c i e n c y  a t  the higher  
h e a t  f l u x .  

E f f o r t s  have continued i n  the  development of an a l l - z i r c o n i a  
(Xr02) thermal i n s u l a t i o n ,  however r e s u l t s  t o  da t e  have not  been s a t i s f a c t o r y .  
The primary d i f f i c u l t y  encountered was i n  g e l l i n g  the  c o l l o i d a l  z i r con ia  
s o l  b inde r ,  which should occur by r a i s i n g  i t s  pH above 5.5.  Attempts were 
made t o  r a i s e  t he  pH through use  of an  ion  exchange column, however t h i s  
approach proved unsuccessfu l .  Addit ions of ammonium hydroxide (NH4OH) 
coagulated the  s o l  a t  a  pH of 3 . 5 .  This  coagulated s o l  was used i n  
formula t ing  an  i n s u l a t i o n  wi th  zirconium oxide and z i r con ia  f i b e r s .  Although 
the  composite m a t e r i a l  hardened dur ing  dry ing ,  i t  lacked mechanical s t r e n g t h  
and moisture r e s i s t a n c e .  These i n i t i a l  r e s u l t s  a r e  not  promising and 
i n d i c a t e  s t r o n g l y  t h a t  another  binder  o t h e r  than  z i r con ia  s o l  should be 
i n v e s t i g a t e d .  

B .  Monitorinp of Gas Leaks i n  the  S-IBIS-IVB I n t e r s t a g e  Compartments 

f 

A c t i v i t i e s  have continued i n  the  assembly,qualification,and d e l i v e r y  
of t he  t h r e e  hazardous gas d e t e c t i o n  systems f o r  use a t  launch complexes 
34 and 37B and f o r  use  wi th  the  AS-V 500F f a c i l i t i e s  v e h i c l e .  

The hazardous gas d e t e c t o r  (HGD) scheduled f o r  use i n  conjunct ion 
with the  500F f a c i l i t i e s  v e h i c l e  was de l ive red  on May 24, 1966, and i n s t a l l a -  
t i o n  was completed on May 25. I n s t a l l a t i o n  of t h i s  system was completed 
one week ahead of schedule.  

The prototype HGD system was moved from launch complex 34 t o  
launch complex 37B f o r  use dur ing  tanking t e s t s  on AS-203. The f i r s t  
permanent HGD u n i t  f o r  Sa turn  I B ,  launch complex 34, i s  being f a b r i c a t e d .  
A l l  f a b r i c a t i o n  of p a r t s  f o r  the  vacuum system i s  complete and assembly of 
t h e  vacuum system w i l l  be completed and t e s t e d  i n  two weeks. Modif icat ions 
t o  the Gas Analyzer,  Peak S e l e c t o r ,  and o the r  e l e c t r i c a l  panels a r e  i n  
progress  and should be complete w i t h i n  t h r e e  weeks. Rack cab ine t s  have 
been de l ive red  t o  t he  John F. Kennedy Space Center (KSC) and the  ana lyzer  
w i l l  be i n s t a l l e d  i n  t hese  racks  a t  KSC. 

The permanent HGD f o r  launch complex 37B i s  i n  the  e a r l y  s t ages  
of f a b r i c a t i o n .  A l l  mounting frames a r e  complete. Some modi f ica t ion  i s  
r equ i r ed  on the  d i f f u s i o n  pump and l i q u i d  n i t rogen  t r a p .  It i s  a n t i c i p a t e d  



t h a t  d e l i v e r y  of t h i s  u n i t  w i l l  be ahead of schedule; however. t h i s  w i l l  
depend on the  launch schedule of AS-203 which i s  being serv iced  by the  
prototype u n i t .  

C .  I n v e s t i g a t i o n  of t he  F a i l u r e  of MF fit tin^ Springs 

I n v e s t i g a t i o n s  have continued i n t o  the  f a i l u r e  of 17-7 PH wave 
sp r ings  used on MF f l a r e d  tube f i t t i n g s .  Annealed sp r ings ,  h e a t  t r e a t e d  
t o  RH950, RH1050, RH1100, TH1050, and TH1100, condi t ions  have f a i l e d  i n  
per iods  ranging  from 1 t o  32 days when subjec ted  t o  a l t e r n a t e  immersion 
i n  s a l t  water  and exposure t o  t he  atmosphere. The sp r ings  h e a t  t r e a t e d  
t o  THllOO exh ib i t ed  the  b e s t  r e s i s t a n c e  t o  s t r e s s  co r ros ion  cracking  
s i n c e  only two f a i l u r e s  occurred dur ing  the  t h r e e  months t e s t  per iod .  
Th i s  t e s t  was terminated a f t e r  t h r e e  months because of severe c r a t e r  
co r ros ion  a t  t he  mating s u r f a c e s .  Inconel  718 sp r ings  have been 
recommended a s  replacement components f o r  t he  17-7PH s p r i n g s .  Tes t  sp r ings  of In -  
cone1718annealed a t  temperatures  of 1900°F (1038°C) and 1800°F (982°C) 
have been exposed t o  a l t e r n a t e  immersion i n  s a l t  water  and exposure t o  
t he  atmosphere f o r  49 and 85 days, r e s p e c t i v e l y ,  wi th  no f a i l u r e s .  

SATURN V 

I. S-IC Stage 

A .  Developmental Ffelding 

Specimen p repa ra t ion  and eva lua t ion  have continued i n  an at tempt  
t o  e s t a b l i s h  the  s u s c e p t i b i l i t y  t o  c racking  of welds i n  va r ious  aluminum 
a l l o y s .  Specimens c u t  from cruciform weldments of one-inch t h i c k  2219- 
T87 and 2014-T6 aluminum a l l o y s  have been n a t u r a l l y  aged f o r  s i x t y  days 
wi th  no evidence of c racking .  These r e s u l t s  support  the  previous conclu- 
s i o n  t h a t  t h e  cruciform weld specimen i s  no t  cha rac t e r i zed  by a  high 
enough r e s t r a i n t  t o  induce c racking .  

Other t e s t s  a r e  being made i n  which r e l a t i v e l y  t h i n  shee t  o r  p l a t e  
aluminum specimens a r e  joined t o  a  heavy aluminum s l a b  by a  pe r iphe ra l  
weld. The concept involved i s  t h a t  t he  heavy s l a b  w i l l  no t  deform apprec iab ly ,  
t h u s ,  t h e  weldment w i l l  be s eve re ly  r e s t r a i n e d  and h ighly  s u s c e p t i b l e  t o  
c racking .  This  procedure i s  known a s  t he  "Reeve" t e s t .  

A l l  welding has  been completed i n  the  s tudy of the  w e l d a b i l i t y  
of experimental  aluminum a l l o y s  X2021 and X7007. Radiographs of t he  
welded panels  were inspec ted ,  and the welds were c l a s s i f i e d  a s  meeting 
the  Class  I requirements of MSFG-SPEC-259A. The weldments a r e  being 
f a b r i c a t e d  i n t o  t e s t  specimens f o r  use i n  determining the  mechanical 
p r o p e r t i e s .  



I n v e s t i g a t i o n s  a r e  c o n t i n u i n g  i n  an  a t t e m p t  t o  i d e n t i f y  t h e  cause  
of p o r o s i t y  i n  aluminum a l l o y  weldments. S e v e r a l  bead-on-p la te  specimens 
were p repared  w i t h  v a r y i n g  d e g r e e s  of weld bead p e n e t r a t i o n  a s  c o n t r o l l e d  
by h e a t  i n p ~ t .  However, no e f f e c t  on p o r o s i t y  was observed w i t h  v a r i a t i o n s  
i n  p e n e t r a t i o n .  T e s t s  w i t h  b u t t  weldments made i n  v a r i o u s  t h i c k n e s s  i n d i -  
c a t e  s t r o n g l y  t h a t  t h e  observed p o r o s i t y  i s  r e l a t e d  through some f a c t o r  
a s s o c i a t e d  wi th  t h e  b u t t  j o i n t  c o n f i g u r a t i o n .  S t u d i e s  a r e  b e i n g  d i r e c t e d  
toward methods of j o i n t  p r e p a r a t i o n  p r i o r  t o  we ld ing .  

B .  S tudy of Cor ros ion  and Clean ing  Procedures  

1. S t r e s s  C o r r o s i o n  S t u d i e s  

St:iidies have con t inued  i n  t h e  d e t e r m i n a t i o n  of t h e  t h r e s h o l d  
stress le .vels  of 7106-T6351, 7139-T6351, 7039-T61, and 7039-T64 aluminum 
a l l o y s .  Specimens of a l l o y  7039 i n  t h e  -T61 and -T64 c o n d i t i o n s  have 
bee2  exposed f o r  72 and 50 d a y s ,  r e s p e c t i v e l y ,  i n  t h e  a l t e r n a t e  immersion 
t e s t e r  and t o  t h e  l o c a l  a tmosphere .  Three  specimens of 7039-T64 s t r e s s e d  
a t  20 k s i  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n  f a i l e d  a f t e r  50 days of expo- 
scre i n  t h e  atmosphere and two specimens each ,  s t r e s s e d  t o  20 and 1 5  k s i ,  
f a i l e d  from 29 t o  42 days  of exposure  i n  t h e  a l t e r n a t e  immersion t e s t e r .  
There  h a s  been o n l y  one f a i l u r e  of 7039-T61, and t h i s  specimen f a i l e d  a f t e r  
5 7  days  i n  t h e  atmosphere c n d e r  a  s t r e s s  of 20 k s i  i n  the s h o r t  t r a n s v e r s e  
d i r e c t i o n .  

S t r e s s  c o r r o s i o n  t e s t s  u s i n g  round and f l a t  t e n s i l e  specimens 
of e x t r a  low i n t e r s t i t i a l  (ELI) g rade  Ti-6A1-4V t i t a n i u m  a l l o y  have b e e n '  
t e r m i n a t e d  a f t e r  one y e a r  of exposure  i n  t h e  a l t e r n a t e  immersion t e s t e r .  
No f a i l a r e s  were e n c o u n t e r e d ,  and f i n a l  mechanical  p r o p e r t i e s  a r e  b e i n g  
measared.  Specimens have been f a b r i c a t e d  and a r e  b e i n g  f a t i g u e  c racked  
f o r  p re -c racked  stress c o r r o s i o n  t e s t s  on Ti-8A1-1Mo-1V a l l o y .  S t u d i e s  
a r e  c o n t i n u i n g  on t h e  s t r e s s  c o r r o s i o n  s ~ s c e p t i b i l i t y  of Ti-6A1-4V a l l o y  
i n  n i t r o g e n  t e t r o x i d e  (N204). 

An i n v e s t i g a t i o n  is  i n  p r o c e s s  t o  de te rmine  t h e  stress c o r r o s i o n  
s ~ s c e p t i b i l i t y  of two new h i &  s t r e n g t h  weldab le  aluminum a l l o y s  (X2021- 
T8E31 and X7007-T6E136) b e i n g  developed under c o n t r a c t  NAS8-5452. These 
a l l o y s  a r e  b e i n g  s t u d i e d  i n  a l l  t h r e e  g r a i n  d i r e c t i o n s  i n  t h e  a l t e r n a t e  
immersion t e s t e r  and i n  t h e  l o c a l  a tmosphere .  The t h r e s h o l d  s t r e s s  
l e v a 1  o f  a l l o y  X7007-T6E136 a l l o y  was found t o  be l e s s  t h a n  1 0  k s i  i n  
t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n  i n  t h a t  f a i l u r e s  occur red  i n  from 27 t o  
90 days  i n  t h e  a l t e r n a t e  immersion t e s t e r  a t  l o a d s  of 1 0 ,  15 ,  and 20 k s i .  
F a i l u r e  on exposure  t o  t h e  l o c a l  atmosphere h a s  been l i m i t e d  t o  one 
specimen s t r e s s e d  i n  t h e  s h o r t  t r a n s v e r s e  g r a i n  d i r e c t i o n  a t  20 k s i  a f t e r  
62 days  o f  e x p o s u r e .  These a tmospher ic  exposures  have been i n  p r o c e s s  
f o r  97 d a y s .  

F a i l u r e s  of a l l o y  X2021-T8E31 have been encounte red  i n  a l l  
t h r e e  g r a i n  d i r e c t i o n s  a s  a  r e s u l t  of exposure  i n  t h e  a l t e r n a t e  immersion 
t e s t e r .  A l l  specimens s t r e s s e d  i n  t h e  s h o r t  t r a n s v e r s e  g r a i n  d i r e c t i o n  
t o  l e v e l s  of 35 k s i ,  39 k s i ,  and 25 k s i  f a i l e d  i n  a  p e r i o d  r a n g i n g  from 



24 t o  50 days.  A l l  specimens s t r e s s e d  i n  the long t r ansve r se  g r a i n  
d i rec t ion .  t o  a l e v e l  of 75 percent  of t he  y i e l d  s t r e n g t h  f a i l e d  i n  a  per iod 
ranging  from 34 to 73 days and one of t h r e e  specimens s t r e s s e d  i n  the  
l o n g i t u d i n a l  g r a i n  d i r e c t i o n  t o  t he  same l e v e l  f a i l e d  i n  73 days.  No 
f a i l u r e s  have occurred t o  specimens exposed t o  t h e  l o c a l  atmosphere. 
Th i s  t e s t  has been i n  progress  f o r  77 days.  

Carpenter Custom 455 a l l o y ,  aged a t  1000°F (538°C) and 1100°F 
(593°C) was found t o  be r e s i s t a n t  t o  s t r e s s  cor ros ion  cracking  i n  a  3-112 
percent  sodium c h l o r i d e  s o l u t i o n .  Specimens were s t r e s s e d  t o  loads up 
t o  100 percent  of t he  y i e l d  s t r e n g t h  and exposed i n  t he  a l t e r n a t e  immersion 
t e s t e r  f o r  180 days without  f a i l u r e .  Tes ts  a r e  cont inuing  on specimens 
of t h i s  a l l o y  aged a t  1150°F (621°C). No f a i l u r e s  have occurred a f t e r  
41  days exposure i n  the  a1ternat.e immersion t e s t e r .  

Study of Corrosion S u s c e p t i b i l i t y  of Hydraulic Actuators  

Exposure t o  a  s a l t  spray  environment has  continued on r ep resen ta -  
t i v e  specimens of two d i f f e r e n t  designs of S-IC s t a g e  hydrau l i c  a c t u a t o r s .  
The a c t u a t o r  f a b r i c a t e d  from 7079-T6 aluminum a l l o y  has been exposed f o r  
261 days and the  a c t u a t o r  f a b r i c a t e d  from 7075-T73 a l l o y  has been exposed 
f o r  231 days.  There i s  no evidence of cracks on e i t h e r  a c t u a t o r  a t  t h i s  
time . 

3 .  Study of t he  Corrosive Aspects of t he  Atmosphere a t  the  
Michoud Assembly F a c i l i t y  

Tes t ing  of t he  e l e c t r i c a l  conductors which were exposed t o  
t h e  Michoud atmosphere f o r  approximately 3-112 years  i s  almost completed. 
Resu l t s  t o  d a t e  show no apprec iab le  change due t o  t h i s  exposure.  

C .  I n v e s t i g a t i o n  of Fas teners  and Fas tener  Ma te r i a l s  

Ma te r i a l s  t e s t i n g  and eva lua t ion  a r e  cont inuing i n  the  s tudy  and 
c h a r a c t e r i z a t i o n  of va r ious  f a s t e n e r s  and f a s t e n e r  ma te r i a l s  used,  o r  of 
p o t e n t i a l  u s e ,  i n  Sa turn  V v e h i c l e s .  During t h i s  r e p o r t  per iod ,  a c t i v i t i e s  
under t h i s  p r o j e c t  were d i r e c t e d  toward an eva lua t ion  of Carpenter Custom 
455 s t a i n l e s s  s t e e l .  Present  s t u d i e s  a r e  being made on specimens of 
Carpenter  Custom 455 s t e e l  aged i n  vacuum a t  1150°F (621°C) f o r  fou r  hours 
and vacuum/argon cooled.  Mechanical p rope r t i e s  of shee t  ma te r i a l  i n  t he  
l o n g i t u d i n a l  d i r e c t i o n  ranged from 253 k s i  u l t i m a t e  t e n s i l e  s t r e n g t h  
GT.T.S.) and 177 k s i  y i e l d  s t r e n g t h  (Y .S .) a t  -320°F (196°C) t o  233 k s i  
U.T .S. and 201 k s i  Y.S. a t  -423°F (-253°C). The notched-to-unnotched 
t e n s i l e  r a t i o  ranged from 1 .03  a t  room temperature t o  0.46 a t  -423°F (-253°C) 
These s t u d i e s  show t h a t  t he  mechanical p rope r t i e s  (U.T .S. and Y .S .) of 
the  custom 455 s t a i n l e s s  s t e e l  ma te r i a l  wexe reduced by the  1150°F (621°C) 
ag ing  temperature;  however, t h e  e longa t ion  and charpy impact s t r e n g t h  
va lues  were improved cons iderably .  The 1150°F (621°C) aging t reatment  



a l s o  h a s  a f fec . t ed  t h e  c o r r o s i o n  r e s i s t a n c e  o £  t h e  a l l o y .  The m a t e r i a l  
r:-,sts a t  a n  a c c e l e r a t e d  r a t e ,  p o s s i b l y  due t o  t h e  r e t a i n e d  a u s t e x i t e  and 
t h e  m a r t c r s i t i c  s t r u c t u r e .  

D .  S tady  of t h e  C o m p a t i b i l i t y  of Var ious  Engineer ing  M a t e r i a l s  wi th  
P r o p e l l a n t s  

Twenty-focr misce l l aneous  m a t e r i a l s  were e v a h a t e d  f o r  c o m p a t i b i l i t y  
w i t h  l i q u i d  oxygen i n  accordance w i t h  MSFq-SPEC-106A. Data genera ted  from 
t h e s e  t e s t s  were forwarded t.o c o g ~ i z a n t  d e s i g n  personne l  and o t h e r  i n t e r e s t e d  
g roaps  . 

T e s t i ~ . g  and d a t a  e v a l c a t i o n  a r e  c o n t i m i n g  i n  t h e  s t u d y  of t h e  
r e p r o d u c i b i l i t y  of impact t e s t i n g  a s  used by t h i s  d i v i s i o n  i n  t h e  
d e t e r m i n a t i o n  of t h e  s e n s i t i v i t y  of m a t e r i a l s  t o  l i q u i d  oxygen. 

E. E v a l u a t i o n  of Commercial Adhesives. 

S t u d i e . ~  a r e  c o n t i n u i n g  a s  o u t l i n e d  below t o  e v a l u a t e ,  deve lop ,  
o r  q u a l i f y  new a d h e s i v e s  f o r  use  i n  t h e  S a t u r n  program. 

1. E v a l u a t i o n  of Lefkoweld 211 

Aluminum specimens bonded wi th  Lefkoweld 211 adhes ive  were 
e v a l u a t e d  i n  a  l a p s h e a r  c o n f i g u r a t i o n .  The adhes ive  was mixed a s  
recommended by t h e  manufac tu re r  and cured f o r  seven days  a t  room tempera- 
t ~ r e  (R .T . ) .  The t e s t  r e s u l t s  conf i rm prev ious  c o n c l c s i o n s  t o  t h e  
e f f e c t  t h a t  t h i s  adhes ive  y i e l d s  f a v o r a b l e  s t ren '@h a t  room and moderate ly  
e l e v a t e d  t empera tu res  b u t  a t  low tempera tu re  t h e  s t r e n g t h  i s  degraded 
markedly .  

2 .  E v a l u a t i o n  of S t y c a s t  CP-16 

S t y c a s t  CP-16 was e v a l u a t e d  u s i n g  aluminum adherends  i n  
l a p s h e a r  t e n s i l e  c o n f i g u r a t i o n s  . Average l a p s h e a r ,  t e n s i l e  s t r e n g t h  v a l u e $  
o b t a i n e d  were 1854 p s i ,  7086 p s i ,  and 6112 p s i  a t  room tempera tu re ,  
-300°F (-186°C) and -423°F (-253"C),  r e s p ' e c t i v e l y .  S t y c a s t  CP-16 i s  a  
po lyure thane  adhes ive  w i t h  a  l i q u i d  c a t a l y s t  which p r e l i m i n a r y  a n a l y s i s  
h a s  shown t o  be a  s o l u t i o n  of MOCA i n  d i b u t y l  p h t h a l a t e .  

3 .  E v a l v a t i o n  of Dow Corning (DC) 93-046 Adhes ive :  

Dow Corning 93-046 adhes ive  i s  a  new m a t e r i a l  w i t h  improved 
s t r e n g t h  compared t o  p rev ious  s i l i c o n e  m a t e r i a l s .  Since  i t  i s  cured w i t h  
a c a t a l y s t  a t  room t e m p e r a t u r e ,  t h i s  m a t e r i a l  was cons idered  a s  a  c a n d i d a t e  
a d h e s i v e  f o r  i n s u l a t i o n  c l o s e - o u t s  and s i m i l a r  u s e s .  A composite f i l m  was 
made from 3-mil  a l~min t im f o i l  and polyvre  thane-impregnated nylon c l o t h .  
F l a t w i s e  t e n s i l e  specimens were made by bonding t h e  po lyure thane  f a c e  of 
t h e  composi te  f i l m  t o  t h e  t e s t  b lock  w i t h  DC 93-046 and t h e  aluminum s i d e  
w i t h  Lefkoweld 109.  DC-1200 was used t o  prime the  aluminum adherends .  



Shear t e n s i l e  t e s t s ,  T-Peel t e s t s  and f l a t w i s e  t e n s i l e  t e s t s  were made 
on these  specimens a t  temperatures ranging from -100°F (-73°C) t o  400°F 
(204OC). The r e s u l t s  of these  t e s t s  were comparable tq  but  somewhat lower 
t han  those  of s i m i l a r  t e s t s  made dur ing  the  preceding month. These da t a  
i n d i c a t e  t h a t  DC 93-046 adhesive i s  marginal i n  a c c e p t a b i l i t y  f o r  use i n  
conjunct2on wi th  cryogenic i n s u l a t i o n .  

F .  Development and Evalua t ion  of P o t t i n g  Compounds 

The ob jec t ive  of t h i s  program is the  development of a t r anspa ren t ,  
c u r a b l e  r e s i n  system cha rac t e r i zed  by good d i e l e c t r i c  p rope r t i e s ' and  which 
i s  e i t h e r  i nhe ren t ly  f l e x i b l e  o r  may be f i l l e d  t o  y i e l d  a  c o e f f i c i e n t  
of thexmal expansion approaching t h a t  of ceramics and o the r  ma te r i a l s  used 
i n  e l e c t r o n i c  c i r c u i t r y .  Urethane-siloxane and epoxy-si lane copolymers 
a r e  be ing  inves t iga t ed  a s  poss ib l e  ma te r i a l s  f o r  t h i s  a p p l i c a t i o n .  

1. Epoxy S i l ane  Polymers 

The pro jec ted  syn thes i s  of polymer precursors  containifig t he  
s i lphenylene  b r idg ing  group and te rmina l  epoxy groups has continued wi th  
op t imiza t ion  of epoxida t ion  r e a c t i o n  condi t ions  us ing  t r i f l u o r o p e r a c e t i c  
a c i d .  1,4-Bis(vinyldimethy1silyl)-benzene was epoxidized by the  t r i f l u o r o -  
p e r a c e t i c  a c i d  method u t i l i z i n g  t r i f l u o r o a c e t i c  anhydride and 90 percent  
hydrogen peroxide.  Fresh ly  generated potassium carbonate  was used t o  
n e u t r a l i z e  t he  a c i d  r e a c t i o n  by-product.  The peracid a d d i t i o n  was c a r r i e d  
o u t  a t  5OC, followed by continuous s t i r r i n g  a t  25°C wi th  pe r iod ic  monitoring 
of t h e  pH of t he  r e a c t i o n  l i q u i d .  Fresh por t ions  of potassium carbonate  
were added u n t i l  a  pH of 6-7 was a t t a i n e d ,  Subsequent workup of the  
r e a c t i o n  mixture a f forded  a  75 percent  y i e l d  of c o l o r l e s s  o i l .  The 
i n f r a r e d  spectrum showed an  in t ense  absorp t ion  a t  885 cm-1 a t t r i b u t a b l e  
t o  t h e  epoxy r i n g .  The absorp t ions  gene ra l ly  a t t r i b u t a b l e  t o  hydroxyl 
and carbonyl  groups were absen t ,  which suggests  t h a t  t he  diepoxide d i d  
n o t  undergo e s t e r i f i c a t i o n .  Th i s  method can now be used t o  prepare 
r e l a t i v e l y  pure epoxy r e s i n  precursors  f o r  polymerizat ion s t u d i e s .  

2 .  Study of F a i l u r e  of P o t t i n g  Compound i n  an H-1  Engine 
Connector 

A s  a  r e s u l t  of a  r e c e n t  f a i l u r e  of t he  p o t t i n g  compound, 
Scotchcas t  XR-5038, c u r r e n t l y  s p e c i f i e d  f o r  use on H-1  engine e l e c t r i c a l  
connec tors ,  t e s t s  were i n i t i a t e d  on specimens of Products Research PR-905, 
p o t t i n g  compound i n  an  at tempt  t o  q u a l i f y  an  a l t e r n a t e  ma te r i a l  f o r  t h i s  
p o t t i n g  a p p l i c a t i o n .  

A sample of uncured PR-905 was obtained from the  engine 
manufacturer ,  Rocketdyne, and used i n  the  p o t t i n g  of 5  connectors which 
were allowed t o  cu re  24 hours a t  ambient temperature.  Addi t iona l ly ,  
4  d i e l e c t r i c  t e s t  specimens were pot ted .  The pot ted  connectors  were 
placed i n  a  humidity chamber a t  70°C and 80-90 percent  r e l a t i v e  humidity.  
One connector was removed a f t e r  each 24-hour per iod and examined f o r  any 
poss ib l e  co r ros ion  of the  connector pins by the p o t t i n g  m a t e r i a l .  A t  



t h e  end of 120 hours  the  f i f t h  connector showed no evidence of p in  
c o r r o s i o n .  The p o t t i n g  m a t e r i a l  had darkened s i g n i f i c a n t l y  during the  
t e s t .  This  darkening was a t t r i b u t a b l e  i n  p a r t  t o  the e l eva t ed  temperature 
of t he  t e s t  which promoted f u r t h e r  cure  of the  r e s i n .  D i e l e c t r i c  cons t an t  
and d i s s i p a t i o n  f a c t o r  va lues  f o r  the  PR-905 were determined a f t e r  exposure 
t o  70°C and 90 percent  humidity f o r  24 hours .  The r e s u l t s '  i nd i ca t ed  some 
hydro lys i s  o r  moisture degrada t ion  of the  polymer a s  shown by the  inc rease  
i n  va lues :  

D i e l e c t r i c  D i s s ipa t ion  
Constant Fac tor  

Control  4.24 
Humidity condit ioned 5.39 

It should be noted ,  however, t h a t  the  d i e l e c t r i c  t e s t  conf igura t ion  exposed 
more su r f ace  a r e a  f o r  moisture pene t r a t ion  than  does the  H - 1  engine 
connector con f igu ra t ion ,  t hus ,  the  hydro lys is  e f f e c t  would be somewhat 
smal le r  i n  t h e  l a t t e r  con f igu ra t ion .  On the  b a s i s  of these t e s t  r e s u l t s ,  
and s i n c e  the  e l e c t r i c a l  connector conf igura t ions  do not  expose a  l a r g e  
su r f ace  of p o t t i n g  compound i t  i s  be l ieved  t h a t  PR-905 can be used a s  
an i n t e r i m  " f ix"  pending the  q u a l i f i c a t i o n  of a  f u l l y  s a t i s f a c t o r y  p o t t i n g  
m a t e r i a l  f o r  t h i s  a p p l i c a t i o n .  

G .  I n v e s t i g a t i o n  of t he  Lubr ica t ing  C h a r a c t e r i s t i c s  of Fuels  and 
Hydraulic O i l s  

The engine f u e l ,  R J - 1 ,  w i l l  be used a s  the  hydraul ic  f l u i d  f o r  
the  se rvo -ac tua to r s  of the  S-IC s t a g e .  Concern has a r i s e n  over the  
l i f e  of the  ground system equipment (GSE) hydrau l i c  pump because of the 
poor l u b r i c a t i n g  p r o p e r t i e s  of RJ-1. As a  r e s u l t ,  emphasis has been 
placed on eva lua t ing  RJ-1 l u b r i c a t i n g  a d d i t i v e s .  Screening t e s t s  have 
been made on commercial a d d i t i v e s  a t  cons tan t  temperature i n  the She l l  
Four Ba l l  wear t e s t e r .  On the  b a s i s  of these  t e s t s ,  four  l u b r i c a n t  
a d d i t i v e s  have been s e l e c t e d  f o r  t e s t i n g  i n  a  s imulated ground support  
hydrau l i c  pump. These l u b r i c a n t  a d d i t i v e s  have been subjec ted  t o  addi-  
t i o n a l  t e s t s  i n  the  Falex l u b r i c a n t  t e s t e r .  

The f i r s t  s imulated ground support  hydrau l i c  pump was assembled 
wi th  t h e  r edes igned  p i s t o n  loading  mechanism. This new loading mechanism 
worked smoothly bu t  o the r  problem areas  were noted.  There is  cons iderable  
leakage of t he  R J - 1  l u b r i c a n t  between the  shoes and the  wear p l a t e .  There 
a l s o  appeared t o  be too  much sc ra t ch ing  on the  wear p l a t e  and on the  shoes.  
To c o r r e c t  t h i s ,  t he  wear p l a t e s  have been hardened and the  shoes and 
wear p l a t e s  have been ground and lapped t o  a  much c l o s e r  t o l e rance .  The 
pump i s  being re-assembled f o r  checkout.  



H. I n v e s t i ~ a t i o n  of t he  F a i l u r e  of Sa turn  S-IC s t a g e  Thrust  S t ruc tu re  
Bol t s  - 
The a n a l y s i s  has been completed an the  four  H - 1 1  s t e e l  b o l t s  t h a t  

f a i l e d  i n  t he  lower cen te r  s p l i c e  p l a t e  of veh ic l e s  501 and 502. 
The s tudy  i d e n t i f i e d  two poss ib l e  causes of f a i l u r e ,  b o l t  head 
bending loads  and co r ros ion  induced hydrogen embri t t lement  o r  s t r e s s  
co r ros ion  cracking .  The Boeing Company's proposed c o r r e c t i v e  a c t i o n  inc ludes  
r e p l a c i n g  the  b o l t s  wi th  u n i t s  t h a t  have been coated with vacuum depos i ted  
cadmium and z i n c  chromate primer and modifying b o l t  i n s t a l l a t i o n  and 
torquing  procedures .  Both The Boeing Company and t h i s  d i v i s i o n  have 
i n i t i a t e d  s t r e s s  co r ros ion  t e s t s  on specimens of H - 1 1  s t e e l .  

11. Cont rac t  Research 

During t h i s  r e p o r t  per iod ,  Sa tu rn - r e l a t ed  support ing f e sea rch  a c t i v i t i e s  
have continued i n  t h e  f i e l d s  of technology with the  con t r ac to r s  and under 
c o n t r a c t  numbers 1 i s  t ed  below. 

A .  Polymer Research, Development, and T e s t i n g  

1. Unive r s i t y  of F l o r i d a ,  NAS8-20247 
2 .  Narmco Research and Development, NAS8-5053, NAS8-11958 
3 .  Peninsular  Chem Research, I n c . ,  NAS8-5352 
4 .  Midwest Research I n s t i t u t e ,  NAS8-11338 
5 .  B a t t e l l e  Memorial I n s t i t u t e ,  NAS8-11837 
6 .  Bel l  Aerosystems Company, NASw-1317 

B .  Development of Cryogenic and High Temperature In su la t ion ,Ma , t e r i a l  

1. Goodyear Aerospace Corporat ion,  NAS8-11747 
2 .  I IT Research I n s t i t u t e ,  NAS8-11333 
3 .  United A i r c r a f t  Corporat ion,  NAS8-20089 

C .  Ana ly t i ca l  Methods Development 

Beckman Ins t ruments ,  Incorpora ted ,  NAS8-11510 

D .  Assessment and Evalua t ion  of B la s t  Hazards 

1. Edwards A i r  Force Base, Government Order H-61465 
2.  Nat ional  Bureau of Mines, Government Order H-76708 

E. Development of Ma te r i a l s  f o r  S p e c i a l ,  Purpose E l e c t r i c a l  
Equipment 

I IT  Research I n s t i t u t e ,  NAS8-5251 

Nondestruct ive Tes t ing  Techniques 

1. North American Aviat ion,  Incorpora ted ,  NAS8-11733 
2 .  R .  W .  Benson and Assoc ia tes ,  Incorporated,  NAS8-20208 



111. S - I 1  Stage 

A .  Evalua t ion  of Heat Shie ld  I n s u l a t i o n  Mate r i a l s  f o r  Use i n  t he  
S - I 1  Stage 

The e f f e c t  of h e a t  and vacuum on the  i n s u l a t i n g  c a p a b i l i t i e s  of 
h i g h l y  r e f l e c t i v e  in sn la  t i o n s  i s  being s tud ied  i n d i r e c t l y  by determining 
t h e  change i n  t h e  r e f l e c t a n c e  of t he  i n s u l a t i o n  ma te r i a l s  r e s u l t i n g  from 
s u b j e c t i o n  t o  va r ious  heat-vacuum t rea tments .  

A s  r epo r t ed  e a r l i e r ,  contamination of the  i n s u l a t i o n  samples by 
the  furnace  atmosphere has  been a  f a c t o r  i n  determining the  e f f e c t  of 
h e a t  and vacuum on the  r e f l e c t a n c e  of the i n s u l a t i o n s .  Furnace contamina- 
t i o n  f a c t o r s  have been determined and appl ied  i n  c a l c u l a t i n g  the  e f f e c t  
of h e a t  and vacuum on the  r e f l e c t a n c e  of M-31, FTA-442A, and FTA-532A 
i n s u l a t i o n s .  Prel iminary r e s u l t s  i n d i c a t e  that exposure t o  e l eva t ed  
temperatures  and a  reduced pressure  of 6x10'5 t o r r  reduce the  r e f l e c t a n c e  
of M-31 a t  a l l  t e s t  temperatures ranging from 500 t o  1000°C, (932 t o  1832°F). 
There was very  l i t t l e  change i n  the  r e f l e c t a n c e  of t he  FTA i n s u l a t i o n s  
a t  temperatures  of 900°C (1652OF) and below; however, a t  1000°C (1832"F), 
a  decrease  i n  r e f l e c t a n c e  was noted.  The changes i n  r e f l e c t i o n  of a l l  
t h r e e  i n s u l a t i o n s  appeared t o  r e s u l t  from s i n t e r i n g  of t he  i n s u l a t i o n s  
r a t h e r  than  r educ t ion .o f  t he  t i t a n a t e  component t o  i t s  sub-oxides.  Future  
work w i l l  inc lude  a d d i t i o n a l  t e s t s  t o  v e r i f y  the  above r e s u l t s  and t h e  
t e s t i n g  of o t h e r ,  more r e f r a c t o r y ,  i n s u l a t i o n s .  

B .  Development and Evalua t ion  of Mater ia l s  of P o t e n t i a l  Use i n  S - I1  
Stage Tank Wall I n s u l a t i o n s  

A c t i v i t i e s  have continued i n  the  development and eva lua t ion  of 
i n s u l a t i o n  m a t e r i a l s  f o r  t he  l i q u i d  hydrogen tank of t he  S - I1  s t a g e .  
During t h i s  r e p o r t  per iod these  a c t i v i t i e s  have included the  fol lowing:  

1. Evalua t ion  of Lefkoweld Adhesive f o r  Attaching Close-Out 
S t r i p s  t o  I n s u l a t i o n  

Lefkoweld adhesive 109/LN-52 i s  being used by NAA/S&ID 
(Space and Information Systems Divis ion  of North American Aviat ion)  t o  
a t t a c h  c lose -ou t  i n s u l a t i o n  s t r i p s  i n  t h e  weld a r e a s .  I n  a  s tudy  of 
t he  c a p a b i l i t i e s  of t h i s  adhes ive ,  20-mil aluminum face  shee t s  were 
bonded t o  both 3/8-inch and 3/4- inch c e l l  HRP (hea t  r e s i s t a n t  phenolic)  
co re  u s ing  the  procedure ou t l i ned  i n  NAA/S&ID S p e c i f i c a t i o n  MA0606-027A. 
T e s t s  have been completed on these  specimens a t  room temperature,  -300°F 
(-184°C) and -423°F (-253°C). Data from these  t e s t s  i n d i c a t e  t h a t  the  
Lefkoweld 109/~N-52 adhesive i s  s a t i s f a c t o r y  f o r  use  i n  bonding the  
c l o s e  out  s t r i p s  of S- I1  s t a g e  tank i n s u l a t i o n .  



2.  Dual Sea l  I n s u l a t i o n  

A t e s t  tank seventy inches i n  diameter  has been in su la t ed  
wi th  t h e  dual  s e a l  i n s u l a t i o n  system f o r  use i n  developing and eva lua t ing  
a p p l i c a t i o n  techniques f o r  the  i n s u l a t i o n  and i n  eva lua t ing  the  i n s u l a t i n g  
c a p a b i l i t y  of t he  concept .  The i n s u l a t i o n  on t h i s  tank  was nondes t ruc t ive ly  
inspec ted  by u l t r a s o n i c  techniques and four  a r eas  were i d e n t i f i e d  a s  
con ta in ing  debonds. Sec t ions  of the  i n s u l a t i o n  conta in ing  these  suspec t  
a r e a s  were removed and examined d e s t r u c t i v e l y  t o  determine t h e  exac t  
l o c a t i o n  of the  "debonds." A l l  t he  debonds were found t o  be nonbonds 
r e s u l t i n g  from a i r  t rapped between the  inne r  s e a l  and the  tank w a l l .  
The cu tou t  a r e a s  a r e  being r e p a i r e d  wi th  pre-cut  i n s u l a t i o n  s e c t i o n s .  

C .  Development of Nondestruct ive Inspec t i an  Techniques f o r  Common 
Bulkheads 

A c t i v i t i e s  have continued i n  t he  development of techniques f o r  
nondes t ruc t ive ly  in spec t ing  S - I1  s t a g e  common bulkhead. 

Impedance methods a r e  e f f e c t i v e  f o r  eva lua t ing  many types of 
composite m a t e r i a l s  from a s i n g l e  s i d e ,  and a r e  t he  b e s t  a v a i l a b l e  f o r  
l o c a t i n g  debonds i n  composites of the  type i n  use i n  common bulkheads. 
However, t he  n e c e s s i t y  of having a l i q u i d  couplant  l i m i t s  t h e  eva lua t ion  
of a l a r g e  bulkhead and f a s t e r  techniques a r e  h ighly  d e s i r a b l e .  A i r  coupled 
techniques  have shown cons iderable  promise us ing  son ic  and lower u l t r a s o n i c  
f r equenc ie s ,  and work i n  t h i s  a r e a  has been resumed. A loud speaker  was 
used a s  t he  source of sound and a microphone served a s  a r e c e i v e r .  
Maximum p e n e t r a t i o n  of a one-inch t h i c k  honeycomb panel was obtained wi th  
sound f requencies  near  t h r e e  kHz. However, debonds could be de t ec t ed  
only  when f requencies  near  21 kHz were used .  This  would be expected 
s i n c e  the  lower f requencies  pene t r a t e  too deeply.  The major d i f f i c u l t y  
i n  a i r  coupled honeycomb t e s t i n g  appears  t o  be the  es tab l i shment  of 
uniform sound f i e l d s .  A c t i v i t i e s  a r e  cont inuing  i n  a n  at tempt  t o  
e s t a b l i s h  and q u a l i f y  a s a t i s f a c t o r y  technique f o r  nondes t ruc t ive ly  
i n s p e c t i n g  common bulkhead m a t e r i a l s .  

D .  I n v e s t i p a t i o n  of the  F a i l u r e  of X-2020 Aluminum Alloy S t r i n g e r s  

An a n a l y s i s  of 2020-T6 aluminum a l l o y  s t r i n g e r s  r e p r e s e n t a t i v e  of 
ba tches  t h a t  were found t o  be s u s c e p t i b l e  t o  c racking  dur ing  machining 
and i n s t a l l a t i o n  a s  we l l  a s  batches t h a t  were termed "acceptable" by 
the  S - I 1  Stzge Cont rac tor  (S&ID)revealed t h a t  the only d i f f e r e n t i a t i n g  
f e a t u r e  between the  r e p r e s e n t a t i v e  specimens was the  supe r io r  t r ansve r se  
d u c t i l i t y  of the "acceptable"  s t r i n g e r s .  Thus, it  was recommended t o  the  
S - I 1  Stage Manager t h a t  S&ID cont inue t o  use the  2020 a l l o y  s t r i n g e r s  t o  
minimize schedule impact b u t  t h a t  S&ID sample each e x t r u s i o n  l o t  of 
s t r i n g e r s  t o  i n s u r e  t h a t  the  t r ansve r se  p rope r t i e s  met c e e t a i n  minimum 
va lues  (u l t ima te  s t r e n g t h  75,000 p s i ;  y i e l d  s t r e n g t h  70,000 p s i ;  and 



e longa t ion  4 p e r c e n t ) ,  t h a t  S&ID e t c h  and dye penet ran t  i n s p e c t  e a c h  s t r i n g e r  
subsequent  t o  a l l  machining opera t ions  and p r i o r  t o  i n s t a l l a t i o n ,  and t h a t  
S&ID use  the  modified i n s t a l l a t i o n  scheme which was recommended a s  a  
r e s u l t  of a  company-ini t ia ted i n v e s t i g a t i o n .  Since t h e  2020 a l l o y  has 
some undes i r ab le  f e a t u r e s ,  it was recommended, f u r t h e r ,  t h a t  S&ID i n i t i a t e  
a  r edes ign  u t i l i z i n g  7075-T73 aluminum a l l o y .  

An i n v e s t i g a t i o n  a l s o  was i n i t i a t e d  i n t o  t h e  s t r e s s  co r ros ion  sus-  
c e p t i b i l i t y  of t he  s t r i n g e r s .  F l a t  s h e e t  type and round threaded end 
specimens were c u t  from s t r i n g e r s  and s t r e s s e d  i n  t he  long i tud ina l  d i r e c -  
t i o n  t o  75 percent  of the  y i e l d  s t r e n g t h .  Sec t ions  from s e l e c t e d  s t r i n g e r s  
were loaded a s  c a n t i l e v e r  beams t o  75 percent  of the y i e l d  s t r e n g t h  i n  
such a  manner t h a t  the  maximum s t r e s s  was a t  the base of t he  f lange  normal 
t o  the  d i r e c t i o n  where the  s t r i n g e r s  have cracked.  There have been no 
f a i l u r e s  a f t e r  12  days of exposure t o  a l t e r n a t e  immersion i n  s a l t  water 
and exposure t o  t he  atmosphere. Addit ional  specimens a r e  being f a b r i c a t e d  
i n  t h e  t r a n s v e r s e  d i r e c t i o n  and w i l l  be s t r e s s e d  t o  75 percent  of the  
y i e l d  s t r e n g t h  and s i m i l a r l y  exposed i n  the  a l t e r n a t e  immersion t e s t e r .  

E .  S - I1  S tage ,  P r o j e c t  Management, Ma te r i a l s  

E f f o r t s  a r e  cont inuing  i n  t he  coord ina t ion  and r e s o l u t i o n  of 
problem a r e a s  r e l a t e d  t o  t he  m a t e r i a l s  aspec ts  of the  S-IVB s t age  of Sa turn .  
During th i s  r e p o r t  per iod ,  t hese  a c t i v i t i e s  have included the  following: 

During r e h y d r o s t a t i c  t e s t i n g  of the  S-11-3 a f t  LOX bulkhead, 
f a i l u r e s  were experienced i n  some of the  LOX sump s imula tor  attachment 
b o l t s .  Since the same type of b o l t s  i s  used on f l i g h t  s t a g e s ,  the s t age  
c o n t r a c t o r  (S&ID) i n i t i a t e d  s e v e r a l  r edes ign  s t u d i e s .  Based upon an  
e v a l u a t i o n  of t h e  spa r se  da t a  a v a i l a b l e ,  i t  seemed reasonable t o  personnel 
of t h i s  d i v i s i o n  t o  cont inue t o  use the  A-286 s t e e l  a l l o y  b o l t s  bu t  t o  
change the  des ign  from the  c u r r e n t  stepped-shank conf igu ra t ion  t o  a  
s t r a i g h t - s h a n k  conf igu ra t ion  t o  reduce s t r e s s - r i s e r s .  This Center has 
i n s t r u c t e d  S&ID t o  eva lua t e  t h e  s t r a igh t - shank  b o l t s  under h y d r o s t a t i c  
t e s t  u s ing  t h e  " t e s t  bulkhead ." 

.During a  h y d r o s t a t i c  t e s t  of t he  S-11-3 LH2 bulkhead, the  
bulkhead was co l l apsed  because of procedural  e r r o r s .  Af te r  c e r t a i n  
i n spec t ions ,  t he  bulkhead was r ep re s su r i zed  t o  l i m i t  load (35 p s i ) .  
As a  r e s u l t  of t he  r e p r e s s u r i z a t i o n ,  the  bulkhead deformation, wi th  one 
p o s s i b l e  except ion ,  was removed. Since the  i n s u l a t i o n  on the  apex h a l f  
of t he  bulkhead was damaged beyond r e p a i r ,  S&ID c u r r e n t l y  has hopes of 
sp ray  foaming a n  i n s u l a t i o n  b lanket  onto the  bulkhead. Considerable 
work remains t o  be done i n  developing a p p l i c a t i o n  and inspec t ion  procedures 
f o r  t he  spray  foam a s  we l l  a s  i n  q u a l i f i c a t i o n  of the  i n s u l a t i o n  b l anke t .  



I n  conjunct ion  wi th  an i n s u l a t i o n  review meeting a t  S&ID, 
it was observed t h a t  while  the  i n s u l a t i o n  on S-11-501 and 502 appears 
b e t t e r  than  the  i n s u l a t i o n  on S-11-T and -F,  i n  many r e s p e c t s ,  t he re  
a r e  numerous examples of poor workmanship and poor q u a l i t y  c o n t r o l .  
A s  a  r e s u l t  of the  experience wi th  S-11-T, S&ID has introduced seve ra l  
i n s u l a t i o n  des ign  changes inc luding  foam-in-place around a l l  of the LH2 
feed  l i n e s  and the  LH2 f i l l  and d r a i n  l i n e .  Since the  foam-in-place 
m a t e r i a l  i s  very  flammable, S&ID was asked t o  eva lua te  the f i r e  hazard 
a s s o c i a t e d  wi th  the  des ign  change t h a t  was made e f f e c t i v e  on S-11-501. 
Also, s i n c e  t h e r e  w i l l  be l i t t l e  o r  no a c c e s s i b i l i t y  t o  the S - I1  i n s u l a t i o n  
once the  s t a g e  i s  "stacked" i n  t he  Sa turn  V con f igu ra t ion  a t  t he  launch 
s i t e ,  S&ID was asked t o  r eeva lua t e  a l l  ope ra t iona l  requirements and r e p a i r  
procedures i n  t he  l i g h t  of t h i s  i n a c c e s s i b i l i t y .  

I V .  S-IVB Stage 

A .  Development of Expulsion Bladders f o r  t he  S-IVB Ayxi l ia ry  
Propulsion Sys tem 

A c t i v i t i e s  have continued i n  t h i s  d i v i s i o n  on the  development of 
molding techniques and designs f o r  hemispherical  b ladders  of p o t e n t i a l  
use  i n  the  expuls ion  of the  ox id i ze r  and f u e l  from the  tanks of the  S-IVB 
a u x i l i a r y  propuz s  i on  sys tem. 

On the  b a s i s  of the  r e s u l t s  of t e s t s  made on a  "handmade" 
experimental  bladder  con f igu ra t ion  a  new mold conf igu ra t ion  was designed.  
This  mold i s  being f a b r i c a t e d  and when f in i shed  w i l l  be used t o  form 
hemispherical  b ladders  from f luorocarbon r e s i n s  f o r  eva lua t ion .  It i s  
be l ieved  t h a t  t he  new des ign  w i l l  r e s u l t  i n  an improved fo ld ing  p a t t e r n  
a s  t he  b ladder  i s  co l lapsed  which w i l l  con t r ibu te  t o  longer  c y c l i c  l i f e t i m e  
of t h e  b l adde r .  

B .  Developmental Welding 

T e s t s  a r e  i n  process on weld specimens whose conf igu ra t ions  s imu la t e  
t he  j o i n t  of the  commonbulkhead t o  the  LOX bulkhead of t he  S-IVB s t a g e .  
The t e s t s  a r e  designed t o  determine the  amount of membrane s t r e s s  plus  
bending t h a t  the j o i n t  can wi ths tand .  Tes t  r e s u l t s  t o  da t e  a r e  inconclus ive .  

C .  Study of Ma te r i a l s  Problems Attendant to the S-IVB Workshop Program 

A c t i v i t i e s  have continued i n  the  s tudy of ma te r i a l s  problems 
a t t e n d a n t  t o  t he  use of the  hydrogen tanks of spent  S-IVB s t a g e s  a s  manned 
chambers i n  space.  This  work inc ludes  t h e o r e t i c a l  cons ide ra t ions  and 
experimental  t e s t i n g  i n  each of the  fol lowing a r e a s :  



1. I n v e s t i g a t i o n  of t h e  E f f e c t s  of Reduced P r e s s u r e  on I n t e r n a l  
Tank M a t e r i a l s  

The p m p o s e  of t h i s  p r o j e c t  i s  t o  determine t h e  vacuum compati-  
b i l i t y  of m a t e r i a l s  c o n t a i n e d  w i t h i n  t h e  l i q u i d  hydrogen (LH2) t a n k  o f  t h e  
S-IVB s t a g e .  M a t e r i a l s  w i l l  be e v a l u a t e d  a s  t o  weight  l o s s  and t h e  o u t -  
g a s s i n g  c o n s t i t u e n t s  w i l l  be i d e n t i f i e d  f o r  p o t e n t i a l  t o x i c  components. 

De te rmina t ions  were made of t h e  vacuum c o m p a t i b i l i t y  of Dynatherm 
D-65, t h e  m a t e r i a l  s e l e c t e d  a s  t h e  p a s s i v a t i n g  c o a t i n g  on t h e  S-IVB LH2 
t a n k  i n s u l a t i o n .  D-65 i s  a sprayed c o a t i n g  c o n t a i n i n g  phosphate and 
boron f l a m e - r e t a r d a n t  compounds d i s p e r s e d  i n  a  f l e x i b l e  po lyure thane  
b i n d e r .  A specimen of t h i s  m a t e r i a l  was s u b j e c t e d  t o  a  reduced p r e s s u r e  
of 10-5 t o r r  and t h e  specimen weigh t  l o s s  observed ,  and 
t h e  p r o d u c t s  evo lved  were ana lyzed  by mass s p e c t r a l  t e c h n i q u e s .  
The t o t a l  we igh t  l o s s  t o  t h e  p o i n t  of s t a b i l i z a t i o n  was 9 . 4  p e r c e n t .  
Mass s p e c t r a l  d a t a  i n d i c a t e d  t h a t  t h i s  l o s t  m a t e r i a l  was predominate ly  
hydrogen ,  n i t r o g e n ,  and benzene.  The high weigh t  l o s s  observed was d u e ,  
l a r g e l y ,  t o  e v o l u t i o n  of gases  t r apped  d u r i n g  s p r a y i n g  and i t  does n o t  
p r e c l u d e  t h e  use  of t h i s  m a t e r i a l  f o r  p a s s i v a t i n g  t h e  S-IVB i n s u l a t i o n .  

2 .  I n v e s t i ~ a t i o n  of t h e  E f f e c t s  of Simulated Micrometeoroid 
Impacts  on S-IVB S t a p e  Tanks 

Prev ious  t e s t s  on t a n k  m a t e r i a l s  and i n s u l a t i o n  a t  t h e  
Arnold Engineer ing  Development Cen te r  (AEDC) h i g h  v e l o c i t y  t e s t  f a c i l i t y  
have i n d i c a t e d  t h a t  h i g h  v e l o c i t y  p a r t i c l e  impacts can induce burn ing  
o f  t h e  i n t e r n a l  t a n k  i n s u l a t i o n  i n  t h e  presence of 5  p s i a  oxygen. 
Arrangements have been made f o r  a d d i t i o n a l  t e s t s  a t  AEDC. T h i r t y  
a d d i t i o n a l  samples have been p repared  f o r  s i m u l a t e d  micrometeoroid 
p e n e t r a t i o n  t e s t s .  S e v e r a l  i n s u l a t i o n s  specimens have been coa ted  w i t h  
s i l i c o n e  m a t e r i a l s  t o  de te rmine  t h e  p o t e n t i a l  f i r e  r e t a r d a n t  o r  i n h i b i t i n g  
e f f e c t s  of t h e  s i l i c o n e s .  The c o a t i n g s  used were p roduc t s  of Dow Corning; 
DC 93-046, DC 93-027, and DC 92-009. Specimens of s e v e r a l  f l e x i b l e  m a t e r i a l s  
have been p repared  f o r  e v a l u a t i o n  a s  micrometeoroid bumpers. It i s  a n t i c i -  
pa ted  t h a t  t e s t s  w i l l  be i n i t i a t e d  on t h e s e  i n s u l a t i o n s  and bumpers d u r i n g  
t h e  f i r s t  week i n  June  . 

D .  S-IVB S t a g e ,  P r o j e c t  Management ( M a t e r i a l s )  

E f f o r t s  a r e  c o n t i n u i n g  i n  t h e  c o o r d i n a t i o n  and r e s o l u t i o n  of 
problem a r e a s  r e l a t e d  t o  t h e  m a t e r i a l s  a s p e c t s  of t h e  S-IVB s t a g e  of 
S a t u r n .  During t h i s  r e p o r t  p e r i o d ,  t h e s e  a c t i v i t i e s  have inc luded  t h e  
f o l l o w i n g :  

The s t a g e  c o n t r a c t o r  removed what was b e l i e v e d  t o  be a  c r a t e r  
c r a c k  i n  t h e  LOX t a n k  t o e  weld of t h e  common bulkhead.  E x i s t e n c e  of a  
c r a c k  was v e r i f i e d  d u r i n g  removal o p e r a t i o n s .  Minimum t h i c k n e s s  of meta l  
a f t e r  g r i n d i n g  a t  t h i s  l o c a t i o n  was 0.114 inch  ( o r i g i n a l  t h i c k n e s s  was 
0.191+.005);  - t h u s ,  a  double r  pa tch  was r e q u i r e d .  



2 .  APS Oxidizer  Tankage 

Tes t ing  of two APS tanks f i l l e d  wi th  n i t rogen  t e t r o x i d e  (N204) 
was i n i t i a t e d  a t  Langley Research Center on Apr i l  14,  1966. The N2O4 
conforming t o  s p e c i f i c a t i o n  MSG-PPD-2 was pressur ized  t o  give a  tank s k i n  
s t r e s s  of 90 KIPS and he ld  a t  110°F (43°C) f o r  a  30-day per iod .  No problems 
were encountered.  Thus, it was decided t o  cont inue t e s t i n g  one of t hese  
tanks f o r  another  30-day period and t o  p re s su r i ze  the remaining tank t o  
f a i l u r e .  

3 .  The fol lowing documents were reviewed: 

a .  Prel iminary S-IVB Spent Stage Experiment Development 
P lan ,  da ted  A p r i l  22, 1966 

b .  DAC PRD 1P00108, "Heat Treatment of Aluminum Alloys,  Process f o r  

c .  High St rength  Bolts  f o r  Jo in ing  S-IVB and S- I1  Stages 

d .  Relaxa t ion  of Time R e s t r i c t i o n s  on Burp F i r ings  of Saturn 
IBIS-IVB APS 

e .  S-IVB-501 through -515 Maximum Aerodynamic Heating Tra j ec to ry .  

V .  Instrument  Unit 

A .  Corrosion Studies  of Magnesium Lithium Alloys 

A l l  genera l  co r ros ion  and p r o t e c t i v e  coa t ing  s t u d i e s  on magnesium 
l i t h i u m  a l l o y s  has cont inued.  To d a t e ,  AZ31B magnesium a l l o y  appears t o  be 
more s u s c e p t i b l e  t o  ga lvanic  type cor ros ion  than e i t h e r  
LA141 o r  LAZ-933 a l l o y s .  Addit ional  t e s t s  a r e  being made t o  determine 
t h e  e f f e c t i v e n e s s  of IBM f l u o r i d e  anodize and Dow 17 p r o t e c t i v e  coa t ings  
f o r  reducing t h e  s u s c e p t i b i l i t y  t o  s t r e s s  crackingof r e - s o l u t i o n  h e a t  t r e a t e d  
LA141 a l l o y .  Nei ther  coa t ing  appears t o  give s a t i s f a c t o r y  p ro t ec t ion  t o  
t he  r e - s o l u t i o n  h e a t  t r e a t e d  a l l o y .  P o t e n t i a l  measurements of t he  th ree  
t e s t  a l l o y s  wi th  o t h e r  metals  i n  s eve ra l  e l e c t r o l y t e s  a r e  cont inuing .  

B .  Study of Corrosion Res is tance  of Brazed J o i n t s  i n  S t a i n l e s s  S t e e l  
Tub i n n  

I n v e s t i g a t i o n s  a r e  i n  process t o  determine the  cor ros ion  r e s i s t a n c e  
of brazed j o i n t s  i n  s t a i n l e s s  s t e e l  tub ing  used i n  con tac t  wi th  the  i n h i b i t e d  
methanol-water cool ing  s o l u t i o n  s p e c i f i e d  f o r  t he  instrument  u n i t  cold 
p l a t e s .  The tub ing  j o i n t s  a r e  brazed with a  gold braz ing  compound. No 
co r ros ion  has been observed on any of t he  j o i n t  specimens being t e s t e d  
a f t e r  approximately 50 days of exposure t o  t he  i n h i b i t e d  water-methanol 
s o l u t i o n .  



C .  Ins t rament  Kn i t ,  P r o j e c t  Management, Ma te r i a l s  

E f f o r t s  a r e  cont inuing  on the  coord ina t ion  and r e s o l c t i o n  of 
problem a reas  r e l a t e d  t o  the   material,^ a spec t s  of t he  instrument u n i t  
of Sa turn  V .  During t h i s  r e p o r t  per iod,  t hese  a c t i v i t i e s  have included 
the  fol lowing:  

1. Study of F a i l u r e  of Cap Screws Used on Environmental Control  
Pane. 1 s  

Several  114-inch socket  head cap screws used on the Instrument 
C n i t  Environmental C o ~ t r o l  P l a t e s  f a i l e d  dur ing  v i b r a t i o n  t e s t i n g .  
Frac tographic  a n a l y s i s  i nd ica t ed  t h a t  the  f r a c t u r e s  i n i t i a t e d  i n  an  
e m b r i t t l e d  a rea  which could have been caused by hydrogen embr i t t l ement ,  
and the  r e s u l t i n g  c racks  were propagated by f a t i g c e .  It was suggested 
t h a t  a n  MSFC Document 10419960 be used a s  a  cover document f o r  Federal  
S p e c i f i c a t i o n  QQ-P-416A when cadmium p la t ed  f a s t e ~ e r s  were purchased. 
As a  reszr l t  of t h i s  a ~ a l y s i s ,  s eve ra l  b o l t s  a r e  being removed fmm SA-202 
and SA-203, and a l s o  from a t e s t  u n i t  which was v i b r a t i o n  t e s t e d ,  t o  
determine the  e x t e ~ t  of t h i s  problem p r i o r  t o  making a  dec i s ion  on changing 
these  b o l t s .  

2 .  Study of t he  Q u a l i t y  of t he  weld i n  the  Water Accumulator 

A problem has developed r e l a t i v e  t o  the q u a l i t y  of the weld 
i n  t he  water  accumulator used i n  the  environmental con t ro l  system. The 
accumulators ,  mancfactured by Hamilton Standard a r e  not requi red  t o  be 
inspec ted  r a d i o g r a p h i c a l l y .  However, radiographs made on seve ra l  of the  
u n i t s  a f t e r  they were accepted i n d i c a t e  t h a t  the weld q u a l i t y  does not  
meet t he  present  s p e c i f i c a t i o n  requirements .  Radiographs a r e  now being 
made of a l l  a v a i l a b l e  accumulators i n  o rde r  t o  s e l e c t  a  poss ib le  u n i t  
f o r  use  on SA-203 and SA-202. 

V I .  F-1 Engine 

A .  Study of the  F a i l u r e  of F-1 Engine F lu id  Power System F l i g h t  
Supply Duct Assembly 

A f l u i d  power system f l i g h t  supply duct  assembly (Res i s to f l ex  
PN R-11620-1, MSFC Drawing 20M55058) f a i l e d  a f t e r  a  t o t a l  of approximately 
600 seconds f i r i n g  time on 4T2 ( s ing le  engine)  Block I V  gimbal system. 
F a i l u r e  of t h e  321 s t a i n l e s s  s t e e l  component occurred i n  t h e  tube- to- f la rge  
f i l l e t  weldment. This  l i n e  was no t  a  q u a l i f i e d  p a r t  and was used f o r  
ground t e s t  ~ n t i l  t he  new f l i g h t  con f igu ra t ion  i s  rece ived .  The f l i g h t  
con f igu ra t ion  incorpora tes  a  b u t t  weld t o  j o i n  the  tube t o  the  f l ange .  
The s u b j e c t  f a i l u r e  r e s u l t e d  from f a t i g u e .  Although f a i l u r e  occurred i n  
the  weld, secondary c racking  was noted i n  t he  h e a t  a f f e c t e d  zone of t he  
tube .  No m e t a l l u r g i c a l  i r r e g u l a r i t i e s  t h a t  could have inf luenced t h e  
f a i l u r e  were i d e n t i f i e d .  



B .  Study of Main LOX Valve Control Line F a i l u r e  on F-1 Engine 

A 321 s t a i n l e s s  s t e e l  f lange- to- tube  f i l l e t  weldment on the  
main LOX valve  c o n t r o l  l i n e  (Rocketdyne PN 601914) of an  F-1 engine 
f a i l e d  a f t e r  a t o t a l  of approximately 2500 seconds f i r i n g  time on engine 
F4T2. The f a i l e d  l i n e  segment furn ished  hydrau l i c  f l u i d  (RP-1) t o  t he  
opening c o n t r o l  p o r t  which operated the  number two LOX va lve .  The 
f a i l u r e  r e s u l t e d  from f a t i g c e .  The s t r e s s  r i s e r  c r ea t ed  a t  the  f lange-  
to- tube  f i l l e t  weld junc t ion  is  a n a t u r a l  p ivot  po in t  f o r  f a t i g u e .  No 
m e t a l l u r g i c a l  i r r e g u l a r i t i e s  were de t ec t ed  t h a t  could have inf luenced 
t h e  f a i l u r e .  40 change i n  des ign  was recommended a t  t h i s  time s ince  
t h e  l i n e  had undergone 2500 seconds f i r i n g  time. 

ADVANCED RESEARCH AND TECHNOLOGY 

I. Contrac t  Research 

Supporting research  c o n t r a c t  a c t i v i t i e s  have continued i n  the a r e a s  
of technology and wi th  the  con t r ac to r s  a s  spec i f i ed  below: 

A .  Pol.ymer De.velopment and Charac t e r i za t ion  

1. Southern Research I n s t i t u t e ,  NAS8-20190 
2.  Hughes A i r c r a f t  Company, MAS8-5499 
3 .  Goodyear Aerospace Corporat ion,  NAS8-11070 
4 .  W .  R. Grace Company, NASw-924 
5 .  Nat ional  Bwr@au of Standards,  Government Order H-92120 

B .  Adhesives Developme~t  

1. Narmco Research and Development, NAS8-11068 
2.  Monsanto Research Corporat ion,  NAS8-11371 

C . Developmental Welding 

1. Southwest Research I n s t i t u t e ,  NAS8-20160 
2 .  The Boeing Company, NAS8-20156 

D .  Alloy Development 

American Machine and Foundry Company, MAS8-11168 

E .  Phys ica l  and Mechanical Metallurgy 

1. Aluminum Company of America, NAS8-5452 
2.  Syracuse Un ive r s i t y ,  NAS8-11345 
3 .  B a t t e l l e  Memorial I n s t i t u t e ,  NAS8-20029 



F .  Composite M a t e r i a l  Development and T e s t i n g  

1. Harvey Aluminum, I n c o r p o r a t e d ,  NAS8-11508 
2 .  Aeronca Manufactur ing Company, NAS8-5445 
3 .  North American A v i a t i o n ,  I n c o r p o r a t e d ,  NAS8-11108 
4 .  Melpar ,  I n c o r p o r a t e d ,  KAS8-11322 
5 .  Douglas A i r c r a f t  Company, NAS7-429 

G .  L u b r i c a n t s  and L u b r i c i t y  

Midwest Research I n s t i t a n t e ,  NAS8-1,540 

H .  C o r r o s i o n  i n  Aluminum and S t e e l  

1. Alnminum Company of America, NAS8-5340, NAS8-11226, NAS8-2028.5 
2 .  N a t i o n a l  Bureau of S t a n d a r d s ,  GO-H2151A 
3 .  Northrop C o r p o r a t i o n ,  NAS8-20333 

I .  Explos ion  Hazards and S e n s i t i v i t y  of F u e l s  

I .  S t a n f o r d  Research I n s t i t u t e ,  MAS8-20220 
2 .  A i r  Reduct ion Company, KAS8-20078 

J .  S y n e r g i s t i c  E f f e c t s  of Nuclear  R a d i a t i o n ,  Vacuum, and 
Temperature on Mate r ia  1s 

1. Genera l  Dynamics C o r p o r a t i o n ,  NAS8-2450 
2 .  Hughes A i r c r a f t  Company, NAS8-20210 

K .  I n s t r u m e n t  Development 

1. B a t t e l l e  Memorial I n s t i t u t e ,  NAS8-11831 
2 .  Canadian Commercial C o r p o r a t i o n ,  NAS8-20529 

11. General  - In-House 

A .  S t - ~ d y  of S i l i c o n - N i t r o g e n  Polymers 

Exper imental  work h a s  con t inued  on t h e  p r e p a r a t i o n  and c h a r a c t e r -  
i z a t i o n  of polymeric  m a t e r i a l s  based on r e c u r r e n t  s i l i c o n - n i t r o g e n  l i n k -  
a g e s .  During t h i s  r e p o r t  p e r i o d  emphasis was d i r e c t e d  toward p r e p a r a t i o n  
of d imethyle thoxyani l inos i lane  which h a s  been accomplished by t h e  f o l l o w i n g  
r e a c t i o n :  



The c rude  p roduc t  was o b t a i n e d  i n  a  8 6 . 1  p e r c e n t  y i e l d .  Th i s  was o b t a i n e d  
by removal of t h e  benzene s o l v e n t  through d i s t i l l a t i o n .  The crude p roduc t  
had a  p u r i t y  of 77 p e r c e n t  a s  i n d i c a t e d  by gas chromatography a n a l y s i s .  
The h y d r o c h l o r i d e  s a l t  was recovered  and d r i e d  and r e p r e s e n t e d  a  y i e l d  of 
99 .6  p e r c e n t  of t h e o r y .  T h i s  m a t e r i a l  w i l l  be d i s t i l l e d  and subsequen t ly  
used  i n  a n  a t t e m p t e d  p r e p a r a t i o n  of t h e  fo l lowing  model compound: 

B .  Development of R i ~ h  Temperature R e s i s t a n t  Polymer s 

A c t i v i t i e s  have con t inued  on t h e  development of h i g h  t empera tu re  
r e s i s t a n t  polymers.  During t h i s  r e p o r t  pe r iod  t h e s e  a c t i v i t i e s  inc luded  
t h e  f o l l o w i n g :  

1. Model Compounds 

At tempts  were made t o  o b t a i n  X-ray d i f f r a c t i o n  d a t a  on some 
a r y l o x y s i l a n e  compounds. P r e l i m i n a r y  r e s u l t s  on t h e  i n i t i a l  compounds 
s t u d i e d  i n d i c a t e d  t h a t  t h e s e  m a t e r i a l s  were l a r g e l y  amorphous and t h e  
Bragg r e f l e c t a n c e  was n o t  c l e a r  and w e l l  d e f i n e d .  Thus, no d -spac ings  
cou ld  be de te rmined .  

2 .  Monomer P r e p a r a t i o n  

Elemental  a n a l y s e s  have been completed on t h e  new h e t r o c y c l i c  
d i o l  compound, N,N'-(p-hydroxyphenyl)  p y r o m e l l i t i c  d imide,  which was 
p repared  l a s t  month. These a n a l y s e s  y i e l d e d  v a l u e s  f o r  p e r c e n t  carbon 
which were a t  v a r i a n c e  from t h e  t h e o r e t i c a l  v a l u e  of t h e  carbon c o n t e n t .  
F u r t h e r  a t t e m p t s  w i l l  be made t o  p r e p a r e  t h i s  compound. 

A method f o r  t h e  p r e p a r a t i o n  of p h e n y l t r i a n i l i n o s i l a n e  was 
r e p o r t e d  p r e v i o u s l y .  An a d d i t i o n a l  b a t c h  of t h i s  compound h a s  been made. 
It was no ted  t h a t  t h i s  m a t e r i a l  h a s  a  poor s h e l f  l i f e  s o  t h a t  i t  w i l l  be 
n e c e s s a r y  t o  p r e p a r e  it a s  i t  i s  reeded .  The a n a l y s i s  of a  sample prepared 
e a r l i e r  was i n  on ly  f a i r  agreement w i t h  t h e o r y .  T h i s  i s  b e l i e v e d  due t o  
decompos i t ion  on s tand ing ,  p r i o r  t o  a n a l y s i s .  

The work done a t  B a t t e l l e  Memorial I n s t i t u t e ,  C o n t r a c t  NAS8- 
11837, on t h e  p i l o t - p l a n t  p r e p a r a t i o n  of Polymer A h a s  i n d i c a t e d  t h a t  t h e  
a n i l i n e  o b t a i n e d  a s  a  b i - p r o d u c t  of t h e  po lymer iza t ion  causes  c o l o r a t i o n  
i n  t h e  polymer. I n  an e f f o r t  t o  avo id  c o l o r  forming b o d i e s ,  work h a s  
been  done on t h e  p r e p a r a t i o n  of two s i l a n e  monomers, b is(dimethy1amino)-  
d i p h e n y l s i l a n e  and bis(dimethy1amino)dimethylsilane. It i s  proposed t h a t  
t h e s e  m a t e r i a l s  be used i n s t e a d  of t h e  d i a n i l i n o s i l a n e  i n  t h e  p r e p a r a t i o n  
of Polymer A ,  t h u s  a v o i d i n g  t h e  a n i l i n e  induced c o l o r a t i o n .  S ince  b i s -  
(dimethy1amino)diphenylsilane h a s  n o t  been r e p o r t e d  i n  t h e  l i t e r a t u r e ,  a  



method had t o  be developed f o r  i t s  p r e p a r a t i o n .  I n  t h e  f i r s t  r u n  t h e  
s i l a n e  was added t o  benzene,  c h i l l e d ,  and e x c e s s  dimethyl  amine was added 
a s  a  g a s .  

9 
@ 2 ~ i ~ 1 2  + IiIl'(CH3)2 c o l d  - 02Si(I(CH3)2)2 + H C ~ . ~ ( C H ~ ) ~  

e x c e s s  benzene 

This  p rocedure  r e s u l t e d  i n  a n  84 p e r c e n t  y i e l d  of a  p roduc t  of 60 p e r c e n t  
p u r i t y .  I n  a  second a t t e m p t  c h i l l e d  l i q u i d  dimethylamine was used .  I n  
t h i s  c a s e  t h e  p roduc t  was 91 .4  p e r c e n t  pure  a c c o r d i n g  t o  gas chromatography. 
I - . f rared a r a l y s i s  i n d i c a t e d  t h a t  t h e  d e s i r z d  compound had been o b t a i n e d .  
However, b e c a t - ~ e  of t h e  p resence  of 8 . 6  p e r c e n t  i m p u r i t i e s ,  t h e  e l e m e n t a l  
a n a l y s i s  and m o l c i u l a r  we igh t  a n a l y s i s  were r a t h e r  poor .  It was concluded 
t h a t  t h i s  m a t e r i a l  was n o t  of s u f f i c i e n t  p u r i t y  f o r  use  i n  p o l y m e r i z a t i o n .  

At1t:empt.s were t h e n  mad.e t.o p rapare  b i s  (dime t h y  lami  no)  d imethy l  - 
s i l a n e .  1.t was bel i .eved t h a t  t h i . s  m a t e r i a l  c o ~ l d  be more e a s i l y  p u r i f i e d  
by d i s t i l l a t i o r ?  bec:avzse of i t s  lower v o l a t i l i t y .  The l i q u i d  amine procedure  
desc . r ibed above f o r  t h e  d iphenyl  compocnd was m e d  and a  50 p e r c e n t  y i e l d  
of p r o d u c t  h a v i n g  a  p u r i t y  of 98.9  perce9.t was o b t a i n e d .  A t o t a l  82 p e r c e n t  
of t h e o r y  of t h e  h y d r o c h l o r i d e  s a l t s  were o b t a i n e d .  A second p r e p a r a t i o n  
gave a  poor y i e l d  of a  p r ~ d a c t  which was 99 p e r c e n t  pure .  T h i s  m a t e r i a l  
w i l l  be w e d  i n  p o l y m e r i z a t i o n  s t u d i e s  . 

3 .  P o l y m e r i z a t i o n  S t c d i e s  

I n v e s t i g a t i o n s  have con t inued  i n t o  methods a p p r o p r i a t e  f o r  
c r o s s l i n k i n g  Polymer A .  I n i t i a l  a t t e m p t s  t o  c r o s s l i n k  a  specimen of t h e  
polymer w i t h  t r i a n i l i r o p h e ? y l s i l a n e  were ursu.ccessfu1,  however, a  specimen 
of t h e  polymer h a v i g g  a  degree  of po lymer iza t ion  (3P) of 1 0  was c r o s s l i n k e d  
s u c c e s s f u l l y  w i t h  t s i a n i l i n o s i l a n e  a s  i n d i c a t e d  by i n c r e a s e d  hardness  and 
d e c r e a s e d  s o l ~ z b i l i t y  of t h e  czred polymer. 

A c t i v i t i e s  have con t inued  i n  t h e  d e t e r m i n a t i o n  of t h e  chemica l ,  
p h y s i c a l ,  and e l e c t r i c a l  p r o p e r t i e s  of Polymer A .  The s p e c i f i c  h e a t  of 
Polymer A r a n g e s  from 0.312 t o  0.335 cal . /gm./ 'C a t  50 t o  100°C. Thermo- 
g r a v i m e t r i c  a n a l y s e ~  i n  air n i t r o g e n ,  a n d  i n  v a c u u m  h a v e  b e e n  c o m p l e t e d  
on  spe.cimer,.s of Polymer A and these d a t a  i;vidicat.? t h e  m a t e r i a l  h a s  good thermal  
s t a b i l i t y  i r ~  vacn9.1m and n i t rogsz~ i  b ~ t  i s  o n l y  f a i r  i n  a i r .  D i f f e r e n t i a l  
the rmal  a n a l y s e s  i n d i c a t e  t h a t  no s i g n i f i c a n t  m o l e c ~ l a r  t r a n s i t i o n s  o r  
rea r rangements  occu;r i n  Polymer A a t  t empera tu res  below 542°C. 

C .  Development and C h a r a c t e r i z a t i o n  of P h o s p h o n i t r i l i c  Polymers 

The p r o j e c t e d  s y n t h e s i s  of a r y l - p h o s p h o n i t r i l i c  c h l o r i d e  t e t r a m e r s  
was c o n t i r u e d  w i t h  t h e  i n v e s t i g a t i o n  of 1 , 3 , 5 - t r i m e t h y l b e n z e n e  a s  t h e  
s t a r t i n g  m a t e r i a l .  



The m - t r i e t h y l b e n z e n e  was prepared through the  F r i ede l -Cra f t s  
r e a c t i o n  of benzene wi th  e t h y l  bromide: 

The hydrocarbon was obtained i n  82 percent  y i e l d  having a  b o i l i n g  range of 
67.5-6g°C/5 mrr. Examination of the  i n f r a r e d  spec t rumof  the compound showed 
abso rp t ion  bands a t  710 and 870 cm-', i n d i c a t i v e  of 1 ,3 ,5-  s u b s t i t u t i o n .  

The p repa ra t ion  of 1,3,5-triethylphenylphosphorus d i c h l o r i d e  was 
at tempted through the  r e a c t i o n  of the  hydrocarbon with excess  phosphorus 
t r i c h l o r i d e  i n  t he  presence of anhydrous aluminum ch lo r ide :  

Work-up of the  r e a c t i o n  mixture gave a  low y i e l d  of product a s  a  
pa le  yellow o i l ,  having a  b o i l i n g  range of 100-109°C/0.15 t o r r .  This  
m a t e r i a l  has  been cha rac t e r i zed  only t o  t he  e x t e n t  a f  ob ta in ing  i t s  i n f r a r e d  
spectrum which showed t h a t  t he  1 ,3 ,5 -conf igu ra t ion  was no longer  p re sen t .  

This  r e a c t i o n  is  being repea ted  i n  o rde r  t o  increase  the  y i e l d  
of product through a  longer  time of r e a c t i o n  wi th  increased  amounts of 
c a t a l y s t  p r e s e n t .  Also, complete c h a r a c t e r i z a t i o n  of the  product w i l l  be 
a t tempted .  

D .  I n v e s t i g a t i o n  of Ma te r i a l s  f o r  E l e c t r i c a l  Contacts i n  Vacuum 

A c t i v i t i e s  have continued i n  t he  development and eva lua t ion  of 
m a t e r i a l s  s u i t a b l e  f o r  use a s  e l e c t r i c a l  brushes i n  t he  environment of 
space .  

One t e s t  was completed dur ing  t h i s  r e p o r t i n g  period i n  t he  s tudy  
of wear r a t e  a s  a  func t ion  of brush pressure  f o r  t he  composition 85 percent  
molybdenum d i s u l f i d e  (MoS2) and 15  percent  s i l v e r  (Ag), pressed a t  3,500 
p s i .  The t e s t  was opera ted  a t  2,000 rpm and 1 ampere of brush cu r ren t  
f o r  264 hours  wi th  1 0 . 8  p s i  sp r ings  i n s t a l l e d .  The wear r a t e  was 1 .7  x  l o m 5  
inches lhour .  The wear r a t e  obtained on t h i s  brush ma te r i a l  under the  sane 
ope ra t ing  condi t ions  bu t  wi th  12 .8  p s i  spr ings  was 1 .8  x  1 0 ' ~  inches lhour .  
Th i s  t e s t  s e r i e s  i s  cont inuing .  

The brush t e s t  apparatus  i s  being modified t o  al low the  measurement 
of brush f r i c t i o n  whi le  main ta in ing  cons tan t  s p r i n g  pressure  on the  brushes .  
The d r i v e  motor w i l l  be un res t r a ined  i n  bear ing  suppor ts  and the  r e a c t i o n  
torque  produced w i l l  be measured. The pressure  on the  brushes w i l l  be kept  
cons t an t  by the  use  of a  weight - lever  arm arrangement. These modi f ica t ions  



r e q u i r e  new t e s t  chambers which a r e  being designed.  Brush m a t e r i a l s  of 
va r ious  percentages of niobium d i s e l e n i d e  (NbSe2) and molybdenum d i s u l f i d e  
(MoS2) w i l l  be t e s t e d  i n  t h i s  t e s t  system. 

The equipment developed t o  measure r e s i s t i v i t y  and Hal l  c o e f f i c i e n t  
a t  low temperatures  was used t o  measure the  r e s i s t i v i t y  of a s e r i e s  of 
e l e c t r i c a l  brush m a t e r i a l s .  The use of t h i s  equipment was d i c t a t e d  because 
of t h e  wide range of r e s i s t i v i t y  va lues  (10 t o  10-6 ohm-cm) and because 
i t  u t i l i z e s  t h e  four  probe method which e l imina te s  t he  e f f e c t s  of con tac t  
p o t e n t i a l s  normally a s soc i a t ed  w i t h  these  types of m a t e r i a l s .  The r e s u l t s  
of t h e s e  t e s t s  a r e  summarized a s  fo l lows:  

T e s t s  were made on specimens of h o t  pressed NbSe2 of two d i f f e r e n t  
p a r t i c l e  s i z e s ,  i . e .  40 microns and 2 microns, and specimens h o t  pressed 
from composite compositions of NbSe2 and MoS2 (4 microns) .  The processing 
temperature ranged from 1400°F (760°C) t o  1850°F (1010°C) and the  pressure  
ranged from 3000 p s i  t o  5500 p s i .  

The t e s t  d a t a  i n d i c a t e  no apparent  d i f f e r e n c e  i n  r e s i s t i v i t y  of 
NbSe2 m a t e r i a l  a s  a r e s u l t  of v a r i a t i o n s  i n  e i t h e r  press ing  temperature 
o r  p re s su re .  S imi l a r ly  t h e r e  was no no t i ceab le  d i f f e r e n c e  i n  r e s i s t i v i t y  
between specimens of NbSe2 prepared from 40 micron and 2 micron raw m a t e r i a l .  
As expected,  t h e  system composed of MoS2 and NbSe2 showed an increase  i n  
r e s i s t i v i t y  a s  t he  MoS2 content  was inc reased .  

S imi l a r  s t u d i e s  were made on composite specimens formed from 
MoS2-Ag. I n  t h i s  system t h e  v a r i a b l e s  were p a r t i c l e  s i z e  of t h e  MoS2, 
p r e s s i n g  temperature and p re s su re ,  and v a r i a t i o n s  i n  s i l v e r  con ten t .  
S i g n i f i c a n t  d i f f e r e n c e s  i n  r e s i s t i v i t y  were noted i n  the in s t ance  of specimens 
formed f o r  MoS2 of d i f f e r e n t  p a r t i c l e  s i z e s .  

Four micron p a r t i c l e  s i z e  MoS2 is  about 2 o rde r s  of magnitude 
lower i n  r e s i s t i v i t y  than  the  2.5 micron MoS2, varying from a f a c t o r  of 
3 .5  f o r  100 percent  MoS2 t o  about 0 .8  f o r  70 percent  MoS2 - 30 percent  
Ag. This  v a r i a t i o n  would be expected wi th  inc reas ing  Ag con ten t ,  s i n c e  
t h e  s i l v e r  is  f u r n i s h i n g  the  ma jo r i t y  of t he  c u r r e n t  c a r r i e r s .  Also 
noted was a sha rp  v a r i a t i o n  i n  r e s i s t i v i t y  of t he  2.5 micron MoS2 wi th  
p re s s ing  temperature.  Specimens of 85 percent  MoS2 - 15 percent  Ag pressed 
a t  1,700°F (927OC) had a r e s i s t i v i t y  of 2 .5  ohms-cm, whi le  t he  same ma te r i a l  
pressed a t  1,740°F (949°C) had a r e s i s t i v i t y  of 0.055 bhm-cm. Thus, a 
v a r i a t i o n  i n  r e s i s t i v i t y  of two o rde r s  of magnitude was obtained by vary ing  
the  p r e s s i n g  temperature by only 40°F (22°C). Since the  melt ing poin t  of 
s i l v e r  i s  1765°F (961°C), i t  appears  l i k e l y  t h a t  b e t t e r  d i f f u s i o n  of s i l v e r  
i s  be ing  accomplished wi th  increased  p r o b a b i l i t y  of i n t e r s t i t i a l  s u b s t i t u t i o n .  

The marked d i f f e r e n c e  i n  r e s i s t i v i t i y  between the  2.5 micron MoS2 
and 4 micron MoS2 would be expected t o  be due t o  h ighe t  impurity content  
i n  t h e  4 micron MoS2. Th i s  would p re sen t  no problem un le s s  t he  impur i t i e s  



would be harmful t o  the  l u b r i c a t i n g  p rope r t i e s  of t he  MoS2. Some observable 
d i f f e r e n c e s  were noted i n  t h e  ope ra t ion  of brushes compacted from the  two 
types of MoS2, and a  d i f f e r e n c e  i n  l u b r i c i t y  probably does e x i s t .  

I n v e s t i g a t i o n  of the  D i e l e c t r i c  P rope r t i e s  of Ma te r i a l s  

1. Study of E f f e c t s  of Addit ives  on D i e l e c t r i c  P rope r t i e s  of 
RJ-1 Fuel  and Tef lon  Tubing i n  Hydraulic Systems 

Tef lon  tub ing  used i n  t he  hydrau l i c  system of the  S-IC s t a g e  
accumulates an e l e c t r o s t a t i c  charge due t o  t he  high v e l o c i t y  flow of 
f l u i d  through the  f i l t e r  system. The charge i s  g r e a t  enough t o  cause 
e l e c t r i c a l  breakdown of t he  u n f i l l e d  Tef lon  high pressure  tub ing .  There- 
f o r e ,  a  s tudy  was i n i t i a t e d  t o  determine the  e f f e c t  of high conduct iv i ty  
tub ing  and a d d i t i v e s  t o  t h e  hydrau l i c  f l u i d .  I f  t he  a d d i t i v e s  i nc rease  
s u f f i c i e n t l y  t he  conduc t iv i ty  of e i t h e r  t he  Tef lon  o r  t he  RJ-1 f l u i d ,  it 
i s  be l ieved  t h a t  t he  accumulated charge w i l l  be e l imina ted  o r  reduced t o  
a  low l e v e l  so  t h a t  e l e c t r i c a l  breakdown of the  tub ing  w i l l  no t  occur .  

A d e f i n i t i v e  program t o  determine the  e f f e c t i v e n e s s  of va r ious  
conduc t iv i ty  a d d i t i v e s  t o  R J - 1  has  been i n i t i a t e d .  Addi t iona l ly ,  work i s  
i n  progress  t o  determine the  e f f e c t s  on conduct iv i ty  of va r ious  l u b r i c i t y  
a d d i t i v e s  which a r e  being considered f o r  RJ-1. 

2 .  Study of S t a t i c  E l e c t r i c a l  Charge E f f e c t s  on Passive Thermal 
Control  Coatings 

Thermal con t ro l  coa t ings  on the  Sa turn  v e h i c l e  have degraded 
i n  f l i g h t ,  apparent ly  due t o  su r f ace  depos i t i on  of p a r t i c l e s  from the  
r e t r o  rocke t  exhaus t .  Adherence of the p a r t i c l e s  is  enhanced by the  
s t a t i c  e l e c t r i c a l  charge on the  veh ic l e  s k i n .  

To determine the  magnitude of t he  problem a  rudimentary appara tus  
was assembled i n  a  vacuum chamber which would permit dropping u l t r a - f i n e  
AL2O3 powder pas t  the  s u r f a c e  of a  thermal con t ro l  coa t ing  sample which 
was e l e c t r i c a l l y  charged. Prel iminary runs were made on an S-13 coated 
d i s c ,  w i th  and wi thout  an a l e c t r i c a l  charge.  The t e s t  r e s u l t s  a r e  t abu la t ed  
below. 

DEPOSITION OF AL7O3 ON S-13 

S t a t e  of Disc Mass of Powder A t t r ac t ed  - Pms. 

Uncharged 
Charged t o  +630 Volts  



3 .  Development of Technique f o r  Determining Impur i t i e s  i n  N i t r o ~ t n  
Tet roxide  (N2O4) 

The c o m p a t i b i l i t y  of n i t rogen  t e t r o x i d e  (N2O4) wi th  t i t an ium 
tanks of Aux i l i a ry  Propulsion Systems i s  dependent on the  amount of 
i m p u r i t i e s  conta ined  i n  t he  N204. The p o s s i b i l i t y  t h a t  t he  change i n  
impur i ty  con ten t  would r e s u l t  i n  a  change i n  d i e l e c t r i c  p r o p e r t i e s  was 
i n v e s t i g a t e d  a s  a  means of determining the  impuri ty  content  of N204. 
S i g n i f i c a n t  changes were observed i n  both d i e l e c t r i c  cons tan t  and d i s s i -  
p a t i o n  f a c t o r  when impur i t i e s  were added t o  t h e  N204, bu t  d i f f e r e n c e s  were 
a l s o  noted between samples of supposedly pure N2O4 from d i f f e r e n t  c y l i n d e r s .  
Since t h e  e x a c t  ana lyses  of t he  N2O4 used i n  these  t e s t s  were no t  known,the 
experimental  r e s u l t s  a r e  d i f f i c u l t  t o  a s s e s s ,  however, it is  considered 
probable t h a t  a  c o r r e l a t i o n  could be obtained between d i e l e c t r i c  cha rac t e r -  
i s t i c s  and impuri ty  content  i f  N2O4 samples of known p u r i t y  could be obtained 

F .  I n v e s t i g a t i o n  of Nuclear Environmental E f fec t s  on Mate r i a l s  

1. Study of t he  E f f e c t s  of Radia t ion  on Thermal Control C o a t i n ~ s  

A t e s t  program has been i n i t i a t e d  t o  determine e l e c t r o n  and 
pro ton  induced changes i n  t h e  o p t i c a l  p r o p e r t i e s  of va r ious  thermal 
c o n t r o l  coa t ings  i n  o rde r  t o  eva lua t e  t h e i r  s u i t a b i l i t y  f o r  use on space- 
c r a f t  and launch v e h i c l e s .  I r r a d i a t i o n s  i n  a i r  and vacuum wi th  e l e c t r o n s  
and i n  vacuum only w i t h  protons a r e  planned. Equipment w i l l  be developed 
t o  permit  i n - s i t u  o p t i c a l  p roper ty  measurements. 

The i n i t i a l  o p t i c a l  measurements on specimens of S-13 and 
2-93 thermal c o n t r o l  coa t ings  have been completed by Hughes A i r c r a f t  
Corporat ion,  on a  s e r v i c e  c o n t r a c t  b a s i s  and these  specimens have been 
d e l i v e r e d  t o  t h i s  Center .  I r r a d i a t i o n s  of these  specimens a r e  scheduled 
a f t e r  completion of t he  e l e c t r o n  beam p a t t e r n  measurements on the a c c e l e r a t o r .  
Pre l iminary  o p t i c a l  measurements a r e  being made by the  Research P ro jec t s  
Laboratory (RP) on some specimens of b r i g h t  anodized aluminum. When these  
specimens a r e  r ece ived ,  they w i l l  be i r r a d i a t e d  and r e tu rned  t o  RP f o r  
f u r t h e r  a n a l y s i s .  

2 .  Appl ica t ion  of Radia t ion  Induced Defects  t o  t he  Study of 
S t r e s s  Corrosion 

The s t r e s s  co r ros ion  t e s t i n g  has continued on proton i r r a d i a t e d ,  
l o n g i t u d i n a l l y  c u t  7079-T6 aluminum t e n s i l e  specimens. Upon completion of 
t h e s e  t e s t s ,  t h e  d a t a  w i l l  be analyzed t o  determine the  e x t e n t  t h a t  the  proton 
bombardments inf luenced  t h e  s t r e s s  co r ros ion  mechanism and t o  e s t a b l i s h  
the  parameters f o r  t he  next  proton i r r a d i a t i o n .  

3 .  Study of E f f e c t s  of Charged P a r t i c l e  I r r a d i a t i o n  of Elastomers 

A program has been i n i t i a t e d  t o  s tudy  the  e f f e c t s  of charged 
p a r t i c l e  i r r a d i a t i o n  of e l a s tomer i c  m a t e r i a l s .  Much d a t a  have been obtained 
on t h e  e f f e c t  of gamma r a d i a t i o n  bu t  very l i t t l e  information i s  a v a i l a b l e  



on charged p a r t i c l e  e f f e c t s .  The u l t i m a t e  goal  of the program is  t o  o b t a i n  
s u f f i c i e n t  d a t a  t o  determine whether a  c o r r e l a t i o n  e x i s t s  between r a d i a t i o n  
damage produced by e l e c t r o n  and gamma r a d i a t i o n .  

Twenty-four specimens of neoprene rubber have been t e s t e d  t o  
determine t h e  e f f e c t s  of e l e c t r o n  r a d i a t i o n  on the  t e n s i l e  s t r e n g t h  and 
u l t i m a t e  e l o n g a t i o n  of t h i s  m a t e r i a l .  T e s t s  were made f o r  f luences  of 
1 . 2  x 1013, 1 .04 x 1 0 ~ 4 ,  and 1.22 x 1015 electrons-cm2 us ing  1 mev e l e c t r o n s .  
The d a t a  obta ined  were s t a t i s t i c a l l y  analyzed t o  determine whether t he  
observed proper ty  changes were s i g n i f i c a n t  o r  w i t h i n  the  experimental e r r o r  
of t h e  t e s t s .  The r e s u l t s  ob ta ined  a r e  shown i n  the  fol lowing t a b u l a t i o n :  

1 MEX ELECTRON IRRADIATION OF NEOPRENE RUBBER 

Condit ion Tens i l e  S t r .  (psi)+< Change (%) U l t .  el on^ (%)* Change (%) 

Contro ls  3272 
1-1 (1.2 x 1013 e/cm2) 3074 
1-2 (1.04 x 1014 e/cm2) 3023 
1 - 3  (1.2 x 1015 e/cm2) 2728 

2yAverage of 6  specimens 
*yC3tat is t ical ly  s i g n i f i c a n t  a t  a  95 percent  confidence l e v e l  

A s  can  be seen  i n  t he  t a b l e ,  s i g n i f i c a n t  reduct ions  i n  t e n s i l e  
s t r e n g t h  and u l t i m a t e  e longa t ion  were observed f o r  i r r a d i a t i o n s  of 1 .04  x 
1014 and 1 . 2  x 1015 cure'on t h e  r a d i a t i o n  s t a b i l i t y  of t h i s  m a t e r i a l .  

4 .  Vacuum Tens i l e  Tes t s  

The appara tus  f o r  determining,  i n - s i t u ,  the  t e n s i l e  p r o p e r t i e s  
of m a t e r i a l s  a f t e r  prolonged exposure t o  vacuum and temperature has been 
rece ived  from the  development shopwhe=. s eve ra l  major modi f ica t ions  were 
made. The appara tus  is now being checked f o r  vacuum i n t e g r i t y .  The f i r s t  
t e s t s  which a r e  scheduled f o r  t he  f i r s t  week i n  June w i l l  be made on 
s t r u c t u r a l  adhesives and lamina tes .  The f e a s i b i l i t y  of us ing  t h i s  apparatus  
f o r  vacuum-radiation t e s t s  is  being s tud ied  c u r r e n t l y .  The concept being 
considered i s  t h a t  of p lac ing  a  coba l t  60 gamma ray  source o r  a  s t ront ium 
90 b e t a  source i n  c l o s e  proximity t o  the  t e n s i l e  specimens t o  determine 
t h e  in-vacuo e f f e c t s  of t he  r a d i a t i o n s  on the  t e n s i l e  p r o p e r t i e s  of va t ious  
polymeric m a t e r i a l s .  

G .  Development of Ma te r i a l s  f o r  D i rec t  Current  Motors f o r  Use i n  
Space 

Mate r i a l s  a r e  be ing  eva lua ted  a t  extreme temperatures and low 
p res su res  f o r  u se  i n  d i r e c t  cu r r en t  ( d . c . )  motors designed f o r  ope ra t ion  
i n  t h e  space environment. 



During t h i s  r e p o r t i n g  period t h e  motor i n  which the  experimental 
m a t e r i a l s  are eva lua t ed  was r u n  wi th  sepa ra t e  e x c i t a t i o n  t o  t he  f i e l d  a s  
opposed t o  t h e  d . c .  shunt  arrangement wi th  the  f i e l d  and armature c i r c u i t s  
i n  p a r a l l e l .  Th i s  was done t o  o b t a i n  more meaningful torque-speed curves 
a s  a f u n c t i o n  of f i e l d  c u r r e n t ,  armature c u r r e n t ,  and appl ied  vo l t age .  
T e s t s  a l s o  were i n i t i a t e d  t o  o b t a i n  the  f i e l d  and armature r e s i s t a n c e  t o  
enable  t h e  c a l c u l a t i o n  of t he  e f f i c i e n c y  of t he  motor and generator  by 
the  method of system l o s s e s .  I n  add i t i on ,  a s e r i e s  wound h i &  torque 
motor has  been rece ived  and i s  being prepared f o r  t e s t i n g .  A loading  
device  f o r  d i r e c t l y  coupl ing  t o  t h i s  motor i s  being designed. Tes t s  on 
t h i s  motor (which w i l l  be run  i n  a i r )  w i l l  f u r n i s h  information on the  
ope ra t ing  c h a r a c t e r i s t i c s  of s e r i e s  (high torque)  d . c .  motors.  

H .  I n v e s t i g a t i o n  of Lubr icant  Ma te r i a l s  

One of t he  major l u b r i c a t i o n  problems today concerns low tempera- 
t u r e  l u b r i c a n t s  f o r  use  i n  c o n t a c t  with o x i d i z e r s .  A t e s t  apparatus  has  
been designed and manufactured f o r . e v a l u a t i n g  greases  from +50°F t o  
-lOO°F (10°C t o  73°C). 

During t h i s  r e p o r t i n g  per iod ,  a new t e s t  f i x t u r e  having improved 
s e n s i t i v i t y  i n  measuring the  break-away torque of t he  greases  was put 
i n t o  s e r v i c e  t o  t e s t  low temperature,  LOX compatible l u b r i c a n t s  f o r  use 
on l i q u i d  oxygen va lves .  

Two commercial l u b r i c a n t s  and t h r e e  l u b r i c a n t s  developed by t h i s  
d i v i s i o n  were t e s t e d  f o r  break-away torque and r e l a x a t i o n  torque  over t h e  
temperature range 0°C t o  -80°C. A prel iminary comparison of t h e  observed 
break-away and r e l a x a t i o n  torque da t a  i n d i c a t e s  t h a t  a t  l e a s t  one of t h e ,  
l u b r i c a n t s  developed by t h i s  d i v i s i o n  i s  supe r io r  t o  t he  c u r r e n t l y  used 
commercial l u b r i c a n t s  . 

I .  Study of Ma te r i a l s  f o r  In -F l igh t  Experiment No. 1 

I n  suppor t  of proposed i n - f l i g h t  experiment,  No. 1, t e s t s  a r e  
being made t o  determine the  e f f e c t s  on d i e l e c t r i c  cons t an t ,  d i s s i p a t i o n  
f a c t o r ,  and conduc t iv i ty  of d i e l e c t r i c  samples measured wi th  seve ra l  
con f igu ra t ions  of f l a t  sc reen  e l e c t r o d e s ,  both i n  a i r  and i n  vacuum. 

A l l  t e s t  de te rmina t ions  have been made. However, due t o  t he  l a r g e  
number of parameters  involved,  d a t a  r educ t ion  i s  a lengthy  process ,  
and r a t h e r  t han  p re sen t ing  inconclusive prel iminary r e s u l t s ,  no information 
w i l l  be presented u n t i l  a l l  d a t a  t a b u l a t i o n s  a r e  complete. 

J .  Determinat ion of Phys i ca l  P rope r t i e s  of Ma te r i a l s  by Nondestruct ive 
Techniques 

1. I n t e r n a l  F r i c t i o n  Measurements 
1 

A s tudy  i s  be ing  made t o  determine whether the  i n t e r n a l  f r i c t i o n  
of aluminum changes a f t e r  t he  metal i s  exposed t o  a s t r e s s  co r ros ion  environment.  



Damping measurements have previous ly  been made on aluminum 
specimens subsequent t o  an exposure t o  s t r e s s  cor ros ion .  Mater ia l  damage 
caused r a t h e r  l a r g e  energy l o s s e s .  Damping measurements have been made on 
f i f t y  7079 aluminum a l l o y  specimens i n  a i r ,  and about ha l f  of these  have 
a l s o  been measured i n  a vacuum. Specimens 118 i z h  and 3/16 inch i n  
diameter  machined i n  t he  s h o r t  t r ansve r se  and long i tud ina l  d i r e c t i o n s  were 
included i n  t h i s  s tudy  t o  minimize experimental  v a r i a t i o n s  by s e l e c t i n g  
an  i d e a l  specimen s i z e .  The d a t a  obtained a r e  being analyzed. 

E l e c t r i c a l  Conduct ivi ty  

E l e c t r i c a l  conduc t iv i ty  measurements a r e  being made i n  an 
e f f o r t  t o  c o r r e l a t e  changes i n  su r f ace  conduct iv i ty  wi th  s t r e s s  co r ros ion  
damage. Measurements t o  d a t e  have been made on f l a t  specimens us ing  
convent ional  eddy c u r r e n t  ins t rumenta t ion .  However, f o r  measurements 
involv ing  c y l i n d r i c a l  specimens, convent ional  ins t rumenta t ion  i s  no t  
app l i cab le  and s p e c i a l  ins t rumenta t ion  i s  r equ i r ed .  Consequently, s e v e r a l  
new t r ansduce r s  c u r r e n t l y  a r e  being designed and f a b r i c a t e d  which w i l l  
enable  conduc t iv i ty  measurements t o  be made on c y l i n d r i c a l  s t r e s s  co r ros ion  
specimens. Conduct ivi ty  measurements have been made with convent ional  
equipment on about f i f t y  f l a t  specimens. P a r t  of t hese  specimens were c u t  
i n  t he  s h o r t  t r a n s v e r s e  d i r e c t i o n  and p a r t  i n  the  long i tud ina l  d i r e c t i o n .  
Subsequent t o  being exposed t o  s t r e s s  co r ros ion ,  only the  specimen c u t  
i n  t he  s h o r t  t r a n s v e r s e  d i r e c t i o n  showed any apprec iab le  change i n  
conduc t iv i ty .  

K .  I n v e s t i g a t i o n  of the  Mate r i a l s  Aspects of Jo in ing  Meta l l i c  Composites 

Work has cont inued on the  i n v e s t i g a t i o n  of va r ious  techniques 
a p p l i c a b l e  i n  t h e  development and jo in ing  m e t a l l i c  composite m a t e r i a l s .  
These i n v e s t i g a t i o n s  inc lude  d i f f u s i o n  bonding, v a r i a t s  s o l d e r s  and 
s o l d e r i n g  techniques ,  and exp los ive ly  bonded b i m e t a l l i c  s h e e t .  

1. Study of D i f fus ion  Bonding Studies  of Various Metals 

Eight  6A1-4V t i t an ium specimens were d i f f u s i o n  bonded t o  
determine the  bonding t imeltemperature parameters necessary f o r  producing 
an  acceptab le  bond wi thout  l o s s  of s t r e n g t h  i n  the  m a t e r i a l .  Four of t hese  
specimens were subjec ted  t o  a three-hour cyc le  a t  1750°F (954OC) and the  
remaining fou r  specimens f o r  f i v e  hours a t  temperature.  Subsequent t o  
bonding and a f t e r  s o l u t i o n  t reatment  and aging,  the  specimens were cleaned 
i n  a HF and HNO3 s o l u t i o n .  Af te r  bonding, t he  specimens were t e s t e d  i n  
s h e a r .  Lapshear s t r e n g t h s  ranged from 8,560 p s i  f o r  the  specimens bonded 
f o r  t h r e e  hours  t o  22,000 p s i  when bonded f o r  f i v e  hours .  While t hese  
va lues  appear low, t he  l a p  a r e a  was reduced i n  o rde r  t o  cause f a i l u r e  
t o  occur  i n  t h e  l a p  a r e a  r a t h e r  than  i n  t h e  parent  m a t e r i a l .  It was noted 
a l s o  t h a t  w i th  inc rease  i n  t he  bonding t ime,  an  inc rease  i n  lapshear  
s t r e n g t h  r e s u l t e d  wi thout  s i g n i f i c a n t  l o s s  i n  parent  ma te r i a l  s t r eng th .  



Subsequent h e a t  t rea tment  improved the  lapshear  s t r e n g t h  of the  specimens 
which were bonded a t  temperature f o r  t h ree  hours ,  bu t  l i t t l e  e f f e c t  was 
noted on the  specimens bonded f o r  f i v e  hours .  Fur ther  t e s t s  w i l l  be done 
t o  v e r i f y  t hese  r e s u l t s .  

2 .  Development and Evalua t ion  of Methods f o r  Laminating Various 
Light  Weight Ma te r i a l s  

I n  an  e f f o r t  t o  develop techniques f o r  producing laminates  
of va r ious  shee t  m a t e r i a l s ,  a  d i s s i m i l a r  metal d i f f u s i o n  bond (aluminum 
t o  t i t a n i u m  s h e e t )  was at tempted.  I n  t h i s  i n s t ance ,  t he  aluminum outer  
s h e e t s  (which were used a l s o  a s  the  r e t o r t  c lo su res )  were wrapped around 
t h e  t i t a n i u m  c e n t e r  s h e e t  and welded toge ther  forming the  completed 
r e t o r t .  Cleaning f l u i d s  were introduced through an  o r i f i c e  welded i n  
t he  r e t o r t .  Th i s  approach was u t i l i z e d  i n  an at tempt  t o  accomplish the  
c l ean ing  ope ra t ion  w i t h i n  the  r e t o r t  i n  an e f f o r t  t o  preclude usua l  su r f ace  
r e o x i d a t i o n  p r i o r  t o  bonding. The laminate  r e t o r t  was heated t o  900°F 
(482°C) under a  recorded pressure  of 4 ,400 p s i  f o r  1-112 hours .  The low 
temperature and contaminates (smut on the  aluminum faces  which d id  no t  wash 
o u t  du r ing  the  c l ean ing  ope ra t ion )  were bel ieved t o  have con t r ibu ted  t o  
poor bonding of t he  d i s s i m i l a r  lamina tes .  The second bonding at tempt  was 
accomplished by f i r s t  c l ean ing  the  r e s p e c t i v e  aluminum and t i t an ium shee t s  
and then  s u b j e c t i n g  them t o  a  temperature of 950°F (510°C) and 4,400 p s i  
f o r  approximately 40 minutes .  The bonded sample was then  sec t ioned  and 
both photomicrographs and mechanical eva lua t ion  ind ica t ed  complete d i f f u -  
s i o n  of t h e  l a m i n d e s  over t he  ma jo r i t y  of the  sample. Fur ther  bonding t e s t s  
w i l l  be done t o  v e r i f y  and s u b s t a n t i a t e  previous r e s u l t s .  

3 .  Evalua t ion  of Solders  f o r  Jo in ing  Composite Ma te r i a l s  

Soldered aluminum honeycomb composites prepared dur ing  the  
previous  r e p o r t  per iod were found t o  have an unacceptably low f l a t w i s e  
t e n s i l e  s t r e n g t h .  A d e t a i l e d  examination of f a i l e d  specimens revea led  
t h a t  on ly  t h e  o u t e r  border  of t he  honeycomb was we t t i ng  proper ly .  Since 
non-perforated core  ma te r i a l  was be ing  used,  i t  was thought t h a t  poss ib ly  
t h e  entrapped a i r  i n  t he  c e l l s ,  upon hea t ing  and expanding, forced the  
l i q u i d  s o l d e r  from these  c e l l s  t o  t he  ou te r  edges of t he  specimen. Two 
more specimens were then  prepared wi th  notches made ac ros s  each c e l l  a t  
t h e  t o p  p o r t i o n  of t h e  core ,  and a l l  the so lde r ing  parameters were appl ied  
a s  done previous ly ,  t h a t  i s ,  use  of 0.006-inch t h i c k  so lde r  f o i l  and s o l d e r i n g  
temperature of 635°F (335OC) f o r  s i x  minutes.  These f l a t w i s e  t ens ion  
specimens, upon t e s t i n g ,  showed r e s u l t s  of approximately twice the  p r o p e r t i e s  
a s  prev ious ly  i n d i c a t e d .  Furthermore, t he  f a i l e d  specimens, upon examha t ion ,  
i n d i c a t e d  uniform we t t ing  of t h e  so lde r  a t  the  face  s h e e t  and honeycomb 
i n t e r f a c e s .  These r e s u l t s  compare favorably wi th  adhesively bonded 
aluminum honeycomb f l a t w i s e  t e n s i l e  p r o p e r t i e s .  

4 .  Evalua t ion  of an Explosively Bonded B ime ta l l i c  Sheet Mater ia l  

An exp los ive ly  bonded b i m e t a l l i c  shee t  ma te r i a l  (1100 aluminum 
a l l o y  bonded t o  pure t i t a n i u m ) ,  submitted by B a t t e l l e  Memorial I n s t i t u t e ,  
was sub jec t ed  t o  room temperature mechanical t e s t s .  The composite cons i s t ed  



of 33 percent  by volxrne: of t i t lr l iurn and 66 pe taent  by volume of aluminum. 
A t e n s i l e  s t r e n g t h  of 59,000 p s i  wi th  a  d u c t i l i t y  of approximately 12 
pe t cen t  e ldnga t ion  was obtained when these  specimens were t e s t e d ;  A study 
of t h e  i n t e r f a c e  bond, a f t e r  the  specimens were subjec ted  t o  t h e  t e n s i l e ,  
hend,  and thermal t e s t s ,  i nd i ca t ed  the  i n t e r f a c e  t o  be of acceptab le  q u a l i t y i  
A micro-examination ac ros s  t he  laminate  i n t e r f a c e  showed continubas bond 
throughout ,  wi th  i n t e r m i t t e n t  oxide baildiip and p a r t i a l  d i f f u s i o n  noted 
i n  t he  bond 1-ioe. 

L .  1n .yes t ; i~a t ion  of 1nor.ganic Adhesives f o r  3 se  i n  Contact .with 
0xid.iz.ers 

The o b j e c t i v e  of t h i s  program i s  the  development of a  ceramic 
adhesive o r  family of ceramic adhesives f o r  a p p l i c a t i o n  i n  l i q u i d  oxygen 
systems and t h a t  a r e  c s e f c l  f o r  s t r u c t ~ r a l  a p p l i c a t i o n  a t  l i q ~ i d  oxygen 
tempera tc res .  The r e s u l t a n t  adhesives m u s t  be app l i cab le  t o  2014-T6 
aluminum a l l o y  a t  temperatures  not  t o  exceed 350°F (177OC), 

Adhesive systems being inves t iga t ed  con ta in  va r ious  i n e r t  m a t e r i a l s  
such a s  s i l i c a  (SiO2), alumina (Al203), z i r con ia  (2r02) ,  and c l a y  (A1203 ' 

2 Si02 . 2 H20) a s  the  f i l l e r ,  monaluminum phosphate (A1203 . 3 P205 . 
6 HzO), phosphoric ac id  (H3P4), and monofluorophosphoric ac id  (H2P03F) 
a s  t he  b inde r ,  and chromium oxide (cr03)  t o  i n h i b i t  r e a c t i o n  between b inder  
and s u b s t r a t e .  Severa l  adhesive systems have been formulated us ing  var ious  
combinations of t he  above ing red ien t s  and eva lua ted  f o r  compa t ib i l i t y  w i th  
t h e  2014-T6 aluminum a l l o y  adherends. To date., t he  most promising adhesives 
eva lua t ed  con ta in  e i t h e r  c l ay  or  A1203 a s  the  f i l l e r ,  monaluminum phosphate 
as t h e  b inde r ,  and CrO3 a s  t he  i n h i b i t o r .  Adhesives conta in ing  e i t h e r  H3P04 
o r  H2P03F r e a c t  v igorous ly  wi th  the  adherend ma te r i a l  r e s u l t i n g  i n  poor 
adhesion.  Future  work w i l l  c o n s i s t  of opt imizing the  most promising adhe- 
s i v e  systems wi th  r e s p e c t  t o  composition and a p p l i c a t i o n  techniques.  

M. Development of Techniques f o r  Growth of Large S ingle  Crys t a l s  of 
Metals and Compounds 

The purpose of t h i s  p r o j e c t  i s  t o  develop methods f o r  zone r e f i n i n g  
m a t e r i a l s  t o  extreme p u r i t y  and then  develop techniques f o r  growing l a r g e  
s i n g l e  c r y s t a l s  of meta ls  and compounds f o r  research  on these  m a t e r i a l s .  
S ingle  c y r s t a l s  wi th  c o n t r o l l e d  d e f e c t s  and impuri ty  g rad ien t  d i s t r i b u t i o n  
w i l l  be grown. 

Five zone passes  were made on an ingot  of aluminum under vary ing  
cond i t i ons  of pressure  and helium purge gas i n  t he  RF induct ion  furnace .  
The ingo t  was imbedded i n  aluminum oxide powder w i th  only the  top  su r f ace  
exposed t o  a l low v i s u a l  examination of the  zone movement. The LN2 t r a p  was 
found t o  be u n s a t i s f a c t o r y  s i n c e  the  change i n  co lo r  and th ickening  of the  
su r f ace  l a y e r  on the  ingot  i nd ica t ed  backstreaming was being permi t ted .  
To circumvent t h i s  problem helium gas was pumped through the system cont inu-  
ous ly  a t  a  pressure  i n  the v iscous  flow reg ion  and the  co lo r  of the  RF 
glow discharge  was observed tu determine the  presence of contaminants.  
A t  one t o r r ,  the  RF plasma was blue-green i n d i c a t i n g  high oxygen concent ra t ion .  



When the  helium flow was increased  t o  the  poin t  where the  plasma cons i s t ed  
only  of t h e  reddish-p ink  c o l o r  c h a r a c t e r i s t i c  of helium, the  oxide forma- 
t i o n  was cons iderably  reduced. However, t h e  hea t  l o s s e s  assoc ia ted  with 
t h i s  flow r a t e  are  p r o h i b i t i v e  and i t  is  bare ly  poss ib le  t o  s u s t a i n  the  
molten zone. 

A new helium supply system is  being f a b r i c a t e d  i n  order  t o  e l i m i n a t e  
t he  in- leakage of a i r  and enable ope ra t ion  a t  lower helium flow r a t e s .  

N .  Documentation Review 

The fol lowing s p e c i f i c a t i o n s ,  documents, d r  r e p o r t s  were reviewed 
and comments were forwarded, where app ropr i a t e ,  t o  r e spons ib l e  i nd iv idua l s  
o r  o rgan iza t ions  : 

1. Boeing Change Request PRR 1089S, "Modify Airsearch prevalves 
t o  c o r r e c t  co r ros ion  problems and r ep lace  nu t s  which a r e  s u s c e p t i b l e  t o  
cracking" 

2 .  Thiokol RMD Spec. 4085, "Water S p e c i f i c a t i o n  f o r  General 
Purpose Rinse and Di lu t ion"  

3 .  Thiokol RMD Spec. 7706, 'Method of P ick l ing  Tantalum and Columbium 
A 1  loys  " 

4 .  Thiokol RMD Spec. 7705, 'Method of P i ck l ing  Titanium Alloys" 

5 .  Thiokol RMD Spec. 7708, "Cleaning Procedure f o r  Semi-Finished 
and Fin ished  Titanium Alloy P a r t s "  

6 .  Thiokol RMD Spec. 7709, "Cleaning Procedure f o r  Semi-Finished 
and Fin ished  Refrac tory  Metal Par t s ' '  

7 .  Thiokol RMD Spec. 7711, "Cleaning Procedure f o r  S i l i c a  Rein- 
forced  P l a s t i c "  

8.  Thiokol RMD Spec. 7712, "Gold P la t ing"  

9 .  Thiokol RMD Spec 7713, "Anodic Coating Black Dyed, Process 
S p e c i f i c a t i o n  f o r "  

10 .  Thiokol RMD Spec. 7029, "Anodic Oxidation Processes  f o r  
Aluminum A 1  loy" 

11. Thiokol RMD Spec. 4125, "Resin Impregnated High S i l i c a  Fab r i c  
Tape " 

12.  Thiokol RMD Spec. 7674, "Electron Beam Welding" 



13.  Thiokol RMD Spec. 7703, "Method of Cleaning Aluminum Alloys 
f o r  E l e c t r o n  Beam Welding" 

14 .  Thiokol RMD Spec. 7716, "Welding Qual i ty  f o r  Extension Nozzle, 
Rocket 

15 .  Thiokol RMD Spec. 7044, "Welding and Al l i ed  ~Processes"  

16 .  Thiokol RMD Spec. 4120, "Columbium, Oxidation Res i s t an t  Coating" 

17 .  Thiokol RMD Spec. 4121, "Refractory Alloy: Oxidation R e s i s t a n t  
Coating (Sylcor  R508C) " 

18 .  S&ID Spec. MA0110-010 Rev. g "Solvent Cleaning, Methods 
inc luding  l i s t  of General Chemical Processing Spec i f i ca t ions"  

19 .  S&ID Spec. MA0109-010 Rev. A and B ,  "Hard Chrome P l a t i n g  Copper, 
Nicke l ,  and Ferrous Alloys" 

20. S&ID Spec. MA0610-024B, "Contamination Control During I n s t a l l a -  
t i o n ,  Tes t ing ,  and Assembly of Sa turn  I1 P a r t s ,  Sub-Assemblies, and Assemblies 
(Stage and GSE) ." 

L . L i t e r a t u r e  Survey 

Surveys of t h e  p e r t i n e n t  l i t e r a t u r e  have been i n i t i a t e d  o r  a r e  
cont inuing  on the  fol lowing s u b j e c t s :  

Radia t ion  e f f e c t s  on engineer ing  ma te r i a l s  
Vacuum e f f e c t s  on engineer ing  ma te r i a l s  
Lubr icants  and l u b r i c i t y  
High and low temperature r e s i s t a n t  polymers 
S t r e s s  co r ros ion  on s t r u c t u r a l  a l l o y s  
Measurement of r e s i d u a l  s t r e s s e s  
U l t r a son ic  i n spec t ion  techniques 
Refrac tory  metals  
M e t a l l i c  f r a c t u r e  su r f aces  
Weld d e f e c t s  i n  aluminum. 
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I. Radiographic In spec t ion  

One hundred and seventy-one miscel laneous p a r t s ,  components and t e s t  
specimens were inspec ted  r ad iog raph ica l ly  dur ing  t h i s  r e p o r t  per iod .  

11. g h o t o e r a p h ~  

Negatives P r i n t s  Other - 
engineer ing  photography 103 42 7 
metallography and f rac tography 101 523 
miscel laneous photography, 38 57 256 

process ing ,  copywork, e t c .  

M e t a l l u r g i c a l  and Metal lographic Tes t ing  and Support Serv ices  

A .  Two gold-p la ted  b ra s s  specimens were examined meta l lographica l ly  
t o  determine the  p l a t i n g  th i ckness .  Measurements showed t h a t  t h e  average 
p l a t e  th ickness  was 0.000125-inch. 

B .  Me ta l lu rg i ca l  s t u d i e s  were completed on s e v e r a l  LOX conta iner  
r e l i e f  swi tch  diaphragms. These s t u d i e s  i nd ica t ed  t h a t  t h r e e  ou t  of t h e  
e i g h t  diaphragms examined were not  bonded (so ldered)  s ecu re ly .  It was 
recommended t h a t  an i n v e s t i g a t i o n  be made t o  determine t h e  soundness of 
t he  s o l d e r  bond a f t e r  t he  thermal cyc l ing  ope ra t ion  and t h a t  o the r  
methods of j o in ing  be considered f o r  t hese  components. A s tudy  t o  
determine t h e  co r ros ion  r e s i s t a n c e  of Kirkson No. 20 so lde r  p re sen t ly  
being used t o  j o i n  t h e  diaphragms t o  t he  pick-up p l a t e  on the  LOX s i d e  
of t h i s  swi tch  was a l s o  made. Resu l t s  of t h i s  s tudy ind ica t ed  t h a t  t he  
s o l d e r  i s  s u s c e p t i b l e  t o  co r ros ion  i n  high humidity and t h a t  t h e  so lde r  
can  be p ro t ec t ed  by p l a t i n g  0 .3  m i l  of gold over t h e  s o l d e r .  

C .  A m e t a l l u r g i c a l  s tudy was made of an  A l l i s  Chalmers f u e l  c e l l  
hydrogen e l e c t r o d e  s e a l  a t  t he  r eques t  of t h e  As t r ion ic s  Laboratory,  R-ASTR-E. 
The s e a l  cons i s t ed  of go ld-p la ted  n i cke l  mesh covered wi th  a  platinum 
impregnated t e f l o n .  Examination ind ica t ed  t h a t  the  platinum p a r t i c l e s  ' . 

were uniformly d i spe r sed  i n  the  t e f l o n .  The maximum th ickness  of the gold 
p l a t i n g  was 0.000031-inch. 

D .  A p l a t i n g  and co r ros ion  problem as soc ia t ed  with magnesium p l a t e s  
used on an oxygen f u e l  c e l l  and water  recovery system on the  Apollo v e h i c l e  
was d iscussed  wi th  As t r ion ic s  personnel .  The p ro t ec t ive  coa t ings  used 
on the  magnesium p l a t e s  a r e  e l e c t r o l e s s  n i cke l  plus  gold p l a t i n g .  



Considerable  co r ros ion  has occurred a f t e r  ex tens ive  exposure t o  a  potassium 
hydroxide-water environment. Suggestions were made f o r  improving the  
p l a t e d  coa t ings  and the  p o s s i b i l i t i e s  of us ing  o the r  types of coa t ings .  
IBM anodize and Dow 17 coa t ings  were appl ied  t o  samples of magnesium f o r  
pre l iminary  s t u d i e s .  Deta i led  p l a t i n g  procedures were no t  a v a i l a b l e ,  
b u t  a n  a t tempt  w i l l  be made t o  o b t a i n  them. 

E. It was recommended t o  the Propulsion Div is ion  t h a t  the  20 cu .  f t  . 
hel ium pressure  b o t t l e s ,  formerly used on S - I / I B  v e h i c l e s ,  could be used 
f o r  gaseous oxygen s to rage  without  an  i n t e r n a l  coa t ing ,  provided some 
co r ros ion  could be t o l e r a t e d  and t h a t  t he  r e l a t i v e  humidity could be 
maintained a t  30 percent  o r  below. 

F. Examination of a  redesigned Moog a c t u a t o r  rod end f i t t i n g  was 
completed a t  the  r eques t  of the  As t r ion ic s  Laboratory.  The rod end 
f i t t i n g  had endured a  t o t a l  of 130,000 cyc les  of var ious  modes dur ing  
t e s t i n g .  Microscopic and dye penet ran t  examinations revea led  no cracking .  
Redesign of t h e  component cons i s t ed  of i nc reas ing  the  r ad ius  between the 
"eye1' and t h e  threaded a rea  wi th  subsequent "peening" of t he  c r i t i c a l  
s u r f a c e .  The component was re turned  t o  t he  As t r ion ic s  Laboratory f o r  
f u r t h e r  t e s t i n g .  

G. Meta l lu rg i ca l  s t u d i e s  were completed on a  f a i l e d  5-2 engine gas 
genera tor  combustion body rece ived  from t h e  Tes t  Laboratory.  Since 
informat ion  rece ived  on t h e  f a i l u r e  indicated t h a t  an explos ion  occurred 
i n  the  genera tor  r a t h e r  than  a  ma te r i a l  f a i l u r e ,  t he  s t u d i e s  were con- 
c e n t r a t e d  on small  c racks  found i n  the Hastaloy C and 347 s t a i n l e s s  s t e e l  
m a t e r i a l .  The s t u d i e s  i nd ica t ed  t h a t  t he  c racks  were su r f ace  t e a r s  
probably r e s u l t i n g  from the  high deformation caused by the explos ion .  

H .  A prototype i n j e c t o r  was e l e c t r o n  beam welded f o r  the Propulsion 
Div i s ion .  Extensive preproduct ion development was r equ i r ed  t o  e s t a b l i s h  
an  optimum welding schedule.  

I V .  Spectrographic Analyses 

Four hundred and e i g h t y  spec t rographic  determinat ions were made on 
t h i r t y  samples and seven hundred and s ixty- two standard determinat ions 
were made. 

V . I n f r a r e d  Analyses 

Three monomer specimens and two samples of contamination from l i q u i d  
oxygen systems were analyzed by i n f r a r e d  techniques dur ing  t h i s  r e p o r t  
pe r iod .  



V I  . Chemical Analyses 

methanol water  mixture 
f o r  sodium benzoate 

f r e o n  f o r  water  conten t  
RJ-1 f u e l  f o r  water  conten t  
de t e rgen t  samples f o r  

moisture 
ash 
s a p o n i f i c a t i o n  number 
n i t r o g e n  
phosphorus 
s u l f u r  
c h l o r i d e s  

gold p l a t i n g  s o l u t i o n  f o r  
gold 
potassium cyanide 

f luorocarbon sample f o r  
f r e e  a c i d  

metal  samples f o r  
copper 
carbon 
s u l f u r  
n i c k e l  
chromium 
phosphorus 
s i l i c o n  
n i t r o g e n  
s i l v e r  

polymeric samples f o r  
carbon 
hydrogen 
n i t r o g e n  
s i l i c o n  
phosphorus 

n i t r o g e n  t e t r o x i d e  f o r  
p u r i t y  
n i t r i c  oxide 
moisture 
c h l o r i d e  
r e s  idue 

gas samples f o r  
oxygen 
n i t r o g e n  
hydrogen 
butane 

Determinations 



V I I .  Physico Chemical Analyses 

Determinations 

Densi ty of 
RP-1 f u e l  3 7 
Beryl l ium specimens 4 

pH of 
methanol water  s o l u t i o n  1 
de te rgen t s  2 

s p e c i f i c  r e s i s t a n c e  of methanol water  1 
h e a t  of combustion of dicyclopropyl-  

me thane 3 
v i s c o s i t y  of o i l  sample 6 

V I I I ,  Rubber and P l a s t i c s  

molded o r  extruded 
cemented 
coated 
f a b r i c a t e d  

Items 

I X .  E l e c t r o p l a t i n ~  and Surface Treatment 
Items - 

E l e c t r o l e s s  n i c k e l  p l a t ed  1 
gold p l a t ed  12 
cleaned 50 
t e s t e d  under s a l t  spray 8 

X .  Development Shop Product ion 

A .  A t o t a l  of 7,588 man-hours, d i r e c t  l abo r ,  was u t i l i z e d  dur ing  
t h i s  per iod f o r  machining, f a b r i c a t i n g ,  and welding. 

B.  One thousand t h r e e  hundred and seuen man-hours, approximately 
17 percent  of t he  t o t a l  man-hours, were devoted t o  product ive e f f o r t  of 
a non-rout ine na tu re  and appl ied  t o  t he  work o rde r s  l i s t e d  below. 

1. Impact T e s t e r  

Components of t he  impact t e s t e r  have been completed and used 
t o  r e b u i l d  e x i s t i n g  t e s t  f a c i l i t i e s .  

2 .  P&W Inducer Tes t  Components 

Fu r the r  work on the  P r a t t  and Whitney Inducer Components is  
pending des ign  d a t a  on inner  contour dimensions. 



3 .  u l t r a s o n i c  S ~ e c i m e n  Goniometer 

Components of the  u l t r a s o n i c  specimen goniometer a r e  complete 
and d e l i v e r e d .  

4 .  Frame Weldment; Gas Analyzer 

The frames f o r  the  gas ana lyzers  have been completed and 
d e l i v e r e d .  

5. Cyclone Chamber 

The cyclone chamber i s  complete and de l ive red .  

6 .  Vortex Suppressor 

The vo r t ex  suppressor  has been completed and de l ive red .  

Low Temperature D r i f t  Mobil i ty  Apparatus 

The low temperature d r i f t :  mobi l i ty  apparatus  i s  scheduled 
f o r  completion on June 15 ,  1966. 

8 .  P a r t s  Turbopump F a i l u r e  

The components f o r  the  turbopump have been completed and 
d e l i v e r e d  . 

X I .  Miscellaneous 

A .  F i f t y  aluminum a l l o y  items and f o r t y - t h r e e  items of s t a i n l e s s  
s t e e l  were h e a t  t r e a t e d  dur ing  t h i s  r e p o r t  per iod.  

B. L i q u i f i e d  t h r e e  hundred and f i f t y  l i t e r s  of helium f o r  t he  
Research P r o j e c t s  Laboratory.  

C .  E ighteen  chromatographic analyses  were made on fou r  experimental  
monomers and o t h e r  miscel laneous compounds. 

D .  Specimens of contaminant from our Instrument Unit  Sublimator 
were analyzed f o r  t h e  As t r ion ic s  Laboratory.  

E. Specimens of contaminant from a cryogenic s to rage  tank a t  Michoud' 
were analyzed a t  the  r eques t  af I-PL. 

X I I .  Pub l i ca t ions  I ssued  

None 
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