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ADVANCED PROGRAMS 

I. Launcn Vehicles 

A. P r e s s u r e - f e d  Launch Vehicle 

1. Launch Vehicle Design 

a .  The cu r r en t  and planned efforts  on the p r e s su re - f ed  
launch vehicle include improvement  of vehicle design loads data ,  
ref inement  of vehicle subsystem weights (both s t ruc tu r a l  and mechanical  
s y s t e m s )  and analytical  study of the influence of design var iab les ,  such 
a s  propel lant  densi ty  or  stage L/D, on the s tage s t ruc tu r e  weight. The 
r e f e r ence  vehicle for this effort  i s  the 75,000-pound payload launch 
vehicle designed e a r l i e r .  The tanks for th is  launch vehicle w e r e  designed 
f o r  hoop tension. With improved definition of the loads  imposed due to 
vehicle contr  01 requ i rements  the re la t ionships  requ i red  for  s t r e s s  ana lys i s  
can be determined.  Optimum stage L/D can be determined with this  
relat ion.  

b.  Effort  to es tabl ish  a mathemat ical  model fo r  determining 
t h ru s t  i n c r e a s e s  obtainable by shrouding multi-nozzle rocke t  engines i s  
continuing. An analytical  procedure  to de te rmine  base  p r e s s u r e  and 
t h rus t  i nc r ea se s  assoc ia ted  with the shrouded sys t em has  been der ived 
and programmed.  This p rog ram i s  p resen t ly  in  the checkout phase .  
Analytical  ef for t  has  been initiated to de te rmine  the effects of secondary 
flow into the vehicle base  a r e a .  



Requi red  inputs  t o  the  b a s e  p r e s s u r e  p r o g r a m  a r e  the  
nozzle  p lume c h a r a c t e r i s t i c s .  ~ a t i  have been genera ted  fo r  v a r i o u s  

engine p a r a m e t e r s  using a method of c h a r a c t e r i s t i c s  p r o g r a m .  A 

d e s c r i p t i o n  of th is  p r o g r a m ,  a1on.g wi th  a s a m p l e  p rob lem,  is  p r e s e n t l y  
being documented a s  a  u s e r s  guide. 

c ,  Work i s  i n  p r o g r e s s  to  e s t ab l i sh  a b a s i c  vehic le  des ign 
concept  which wil l  p e r m i t  ext rapola t ion  to a  s t ab le  of launch vehic les  
through sca l ing  and/or  commonali t j -  a p p r o a c h e s .  This  e f fo r t  i s  being 
o r i en ted  toward  definition of a  P h a s e  I1 study ef for t  which wi l l  e m p h a s i z e  
those  des ign  and p r o g r a m m a t i c  a s p e c t s  of the P F L V  s y s t e m  which can  
offer  potential  for  competi t ive c o m p a r i s o n  with o ther  candidate s y s t e m s ,  
including S a t u r n  de r iva t ives  and the Ti tan  I11 fami ly  of vehic les .  

2. P r e s s u r e - f e d  Pod Design - - -  A technology s tudy of p r e s s u r e -  
f e d  l iquid pod des ign  c h a r a c t e r i s t i c s  h a s  been ini t iated to  d e t e r m i n e  the 
influence on bas ic  s t r u c t u r e  weight  of des ign  p r e s s u r e ,  t e m p e r a t u r e ,  
and m a t e r i a l s  se lec t ion .  B a s i c  s t r u c t u r e  i s  h e r e  r e f e r r e d  to a s  the 
tankage cyl indr ica l  sec t ions  and bulkheads,  the s t age  t h r u s t  s t r u c t u r e ,  
and  the  f o r e  and a f t  s k i r t s .  Des ign p r e s s u r e s  and t e m p e r a t u r e s  being 
c o n s i d e r e d  r a n g e  f r o m  200 ps ia  to 800 ps ia  and f r o m  670°R to  1000°R, 
r e spec t ive ly .  M a t e r i a l s  being cons ide red  a r e  Vasco je t  1000, HY-150 
s t e e l ,  m a r a g i n g  s t e e l ,  2219-T87 a luminum,  Rene 41, and 17-7PH 
s t a i n l e s s  s t e e l .  

In addit ion to the weight  s tudy,  a  typical  configurat ion i s  
t o  b e  produced which wil l  i l l u s t r a t e  de ta i l s  oi  s u b s y s t e m  locat ion  and 
shape .  

Other  de ta i led  work i s  continuing on the following a s p e c t s :  
( 1 )  evaluat ion of the  pod p r e s s u r i z a t i o n  s y s t e m ;  (2 )  evaluat ion of the  
engine t h r u s t  p lume  and i t s  effect  on pod separa t ion ;  ( 3 )  a n a l y s i s  of 
p rope l l an t  s l o s h  e f f e c t s ;  and (4 )  evaluat ion of the  ef fec ts  of p r e d e t e r m i n e d  
pod p r e s s u r e  decay.  

This  total  e f for t  wil l  b e  appl icable  to the P r e s s u r e - f e d  
Launch Vehic le  study. 

Sa tu rn  Utilization 

The compute r  p r o g r a m  fo r  genera t ing  l e a s t - c o s t  vehic le  f l e e t s  
h a s  been es tab l i shed  in  the Computat ion Labora to ry .  The in i t ia l  t r i a l  
run ,  with the  l imi ted  candidate vehic le  da ta  p r e s e n t l y  avai lable ,  indica tes  
only  m i n o r  p r o g r a m  gl i tches  bel ieved to  be e r r o r s  in  the punch c a r d s .  



The mission model generated a s  a resu l t  of the R-AS Five-point P r o g r a m  
h a s  been satisfactorily integrated into the computer p rogram.  However, 
the m o r e  optimistic model generated subsequent to  this p rog ram has  
experienced difficulty in the initial runs  but the actual  l eas t -cos t  f leet  
generator  computer p rogram i s  now considered available. 

A major  rescheduling activity has  been initiated to overcome 
the difficulties of data generation and compilation encountered because 
of other study requirements  with apparent  p rogram prior i ty .  

Data sheets  have been prepared for the Saturn V,  Improved 
Saturn Vs,  Intermediate Saturns,  Saturn IBs, and improved Saturn IBs 
incorporating the J-2s engine, These data sheets  have been forwarded 
to R-AERO-X for determination of the payload capability of each vehicle. 
A third i teration i s  planned in which the Centaur stage will be used a s  
am upper stage on severa l  of these launch vehicles. 

C. Nuclear Vehicles 

Nuclear Stage Thermodynamic Analj-ses - - - An in-house 
effor t  has  been initiated to determine the magnitude and consequences 
of heat  leaks  occurr ing on the LMSC Phase I1 nuclear vehicle during 
( l )+ the period in  ear th  orbi t  p r io r  to t ransplanetar)  injection; ( 2 )  the 
per iod af t ransfer  f rom Ear th  to Mars ;  and ( 3 )  the period i n  Mars  orbit .  
All major  heat lealcs a r e  to be identified and the validit)- of the LMSC 
thermodynanric assumptions i s  to be determined. P re l imina ry  r e su l t s  
will be available around the middle of March 1968, 

11. Ear th  Orbital 

1 ,  Workshop Configuration - - -  Over a l l  configuration layout 
drawrings of the Dry-launch Workshop (DWS)-B concept were  developed. 
These drawings p re sen t  configuration options present ly  being studied 
and evaluated a s  a pa r t  of the cu r r en t  Dry Launch Workshop Task Group 
efforts.  P r i m a r y  configuration options current ly  involve orientation of 
the A TM during operation, utilization of the S-IVB LOX tank a s  a 
p re s su r i zed  o r  unpressur ized volume, and the requirement  for  location 
of a tmospheric  supplies on the a i r lock  module. 

A conceptual design has  been developed of a sys t em for 
skructuraI support  of the ATM f r o m  the S-IVB LOX tank af t  dome during 



launch. The sys tem i s  capable of rotating the ATM 90 degrees into a 
side pointing orientation for operation. Evaluation of the system i s  
current ly being made. 

Efforts a r e  being initiated to determine the capability to 
incorporate selected EMR and ear th resources  experiments in addition 
to the A TM, f rom the standpoint of available locations and s t ructural  
accommodation. 

Pre l iminary  m a s s  character is t ics  of DWS-B have been 
developed and a r e  being continuously updated. 

A prel iminary thermal  analysis has been initiated to 
investigate the application of the cur rent  Workshop A sidewall insulation 
scheme to DWS-B oriented with i t s  longitudinal axis pointed to the sun. 
A cu r so ry  analysis has shown that the heat leak would be about 1 to 1.5 kw. 
A study has a l so  been initiated to determine the active thermal  control 
sys tem radiator  surface a r e a  requirements on the workshop for various 
internal heat loads. 

A prel iminary s t ructural  analysis performed on the LH2 
tank wall indicated an  internal p res su re  of approximately 20 psi  required 
during launch; an analysis of the common bulkhead intersection with the 
af t  LOX tank dome removed indicated a ring f r ame  or effective ring 
f r ame  requirement  a t  that juncture. Pa ramet r i c  analyses have a lso  
been conducted on the system meteoroid shield, considering the internal 
insulation sys tem removed. This would, a s  a minimum, resu l t  in the 
increase  of bumper shield thickness or inner wall thickness for mission 
durations of one year or more .  

Pre l iminary  subsystems data, including weight est imates ,  
have been compiled for a DWS-B system, pr imar i ly  restr ic ted to the 
applicability of Cluster A type systems.  Pa ramet r i c  data were  prepared 
on the sys tem expendables for  3 or  6 men and 0- to 18 -month missions.  
The three  -man one -year mission car r ied ,  a t  launch, approximately 
35,000 pounds of expendables, including containers. This analysis i s  
continuing for the LSS, ECS, RCS, Crew Systems, and Expendables. 

Internal configuration layouts for two DWS-B options have 
been developed. These were  three-man inter iors  with the option of 
LOX tank habitation or  no LOX tank habitation. These approaches a r e  
conceptual and further developments a r e  underway, exercising options 
i n  crew size,  experiments,  compartmenting, and floor arrangements .  



On January 22, 1968, this Office presented to R-AS personnel 
r e su l t s  of some operations analysis work aimed a t  parameter iz ing recur r ing  
problems in evaluating space station configurations. The major  a r e a s  
investigated in the analyses were  the following: 

0 RCS and reorientation problems 

o Ground station tracking coverage 

0 Time in South Atlantic Anomaly ve r sus  inclination 

0 Percentage of t ime over selected land and water  
m a s s e s  ve r sus  inclination 

0 Percentage of viewing t ime of selected celestial  targets  

o Percentage of solar  viewing t ime 

In addition to the above analyses ,  proposed crew schedules 
for t h ree -  and s ix-man Workshop stations have been developed. These 
schedules break out the major  tasks  and crew functions a n d  will be used 
in  ESCAPE analyses to evaluate the DWS-B experiment package with 
var ious  DWS-B configurations. 

2. Resupply Logistics 

a .  ~ e s u ~ ~ l y / ~ o ~ i s t i c s  Launch Vehicles - - -  A number of 
launch vehicles were  considered a s  possible configurations for delivering 
logis t ic  payloads to the Dry-launch Workshop in  ear th  orbit .  Fo r  delivering 
manned logis tic payloads, the following launch vehicles were  considered: 
Saturn IB, Saturn IB + MM, Titan I11 M, Titan 111 M' ( l a rge  diameter  core) ,  
260-inch SRM/S-IVB, 156-inch SRM c l u s t e r  /s-IVB, Saturn IB + 120-inch 
SRM, and S-IC/S-IVB. On the Saturn vehicles,  the Apollo Service  Module 
t r ans fe r s  the logis t ics  payload f r o m  a 100-n, mi .  parking orbi t  to  the 
270-n. mi .  c i rcu la r  orbi t  of the DWS. The Transtage pe r fo rms  this 
maneuver  f r o m  the Titan III vehicles. 

Launch vehicles considered for  unmanned logistic pay- 
loads w e r e  the Thrust-augmented ~ h o r  / ~ ~ e n a ,  Titan 111 B / ~ ~ e n a ,  
Titan III C, Saturn 1 E 3 / ~ ~ e n a ,  Saturn IB/SM, and Saturn I ~ / ~ r a n s t a ~ e .  
In conjunction with R-AERO-XF, the performance capability for each of 
the previously noted vehicles was tabulated for orbi ta l  al t i tudes of 100 n. mi .  
and 240 n .mi . ,  and for  inclinations of 28.5",  50° ,  and 90". These payloads 
a r e  now being revised to ref lect  a 270-n.mi. o rb i t  ra ther  than the 240 n - m i .  
orbit .  (Redirection by Mr, D. Lord,  NASA Headquarters)  



b. ~ e s n ~ ~ l ~ / ~ o ~ i s t i c s  Termination Stages - - - Use of the 
Agena, Titan Transtage,  Apollo Service Module, and S-IVB a s  te rmina-  
tion s tages  for dry-launch workshop logistics miss ions i s  being inves ti- 
gated. Since the Gemini spacecraf t  has  a n  orbital  attitude maneuvering 
sys tem,  it is a l so  being considered for smal l  payloads. A logistics 
terminat ion stage i s  required to t ranspor t  a payload, usually unmanned, 
f r o m  the phasing orb i t  to the operational orbit ,  rendezvous with the 
workshop and dock, undock and deorbit.  The capability of each stage 
to fulfill the mission requirements  and changes needed to obtain this 
capability will be determined. 

c. ~ e s u ~ ~ l ~ / ~ o ~ i s t i c s  Mission Prof i le  - - - A pre l iminary  
miss ion  profile has  been generated for the three - s  tage logist ics vehicles 
used to resupply the DWS. The profile consists of a two-stage launch to 
a 100-n. mi .  c i rcu la r  phasing orbit .  The third stage i s  used to t ransfer  
the logis t ics  module f r o m  the 100-n.mi. orbi t  to the DWS altitude 
(270 n . m i . )  when the phase angle i s  co r r ec t  for a Hohmann t r ans fe r .  
Broad definition of phasing t ime and AV requirements  associated with 
ground launch t ime have been defined; however, fur ther  effort i s  
required to  es tabl ish the ground launch window and to determine the 
AV penalt ies associated with either ea r ly  or  la te  launches. 

3 .  DWS Launch Vehicle 

a .  Studies which a r e  being performed i n  support  of the 
Dry-launch Workshop Task Group effort include the identification of the 
s t ruc tu ra l  impact  ( i f  any) on the S-IC and S-11 ~ t a ~ e s ' r e s u l t i n g  f r o m  
placing the DWS into a 270-n.mi. o rb i t  via a d i rec t  ascent  t ra jec tory  
(continuous burn  to orbi t ) .  The S-II/DWS separation sys tem i s  being 
defined and var ious methods of c i rcular iz ing the DWS into the 270-n.mi. 
o rb i t  a r e  being examined. These studies a r e  to be completed by 
mid-February .  

b. Alternate mission profiles being considered for  the 
DWS launch, other than d i rec t  ascent  to the 270-n. mi .  orbit ,  a r e  
through a 100 by 270 n. mi .  el l ipse with c i rcular izat ion being accomplished 
by res ta r t ing  the S-11, using solid rocket  motors ,  or  using the SM. 
Circular izat ion of the workshop with the S-I1 stage can be accomplished 
with the J - 2 s  engines operating in  the idle mode (5000 lb  thrust) .  
Circular izat ion can a l so  be  accomplished with the S-I1 utilizing mainstage 
th rus t  ( J - 2  o r  J - 2 s  engines),  but modifications to the stage required for  
a mainstage r e s t a r t  a r e  extensive and cause l a rge  weight penalt ies.  



Major modifications required for the idle mode r e s t a r t  a r e  (1)  addition 
of a n  auxiliary hydraulic power source for the 5-25 engine gimbal syster 
(2) installation of APS modules, and ( 3 )  a controlled hydrogen tank vent 
system. 

c. Vehicle mass  character is t ics  were  developed for the 
two-stage Saturn V/DWS vehicle configuration. The payload above the 
S-I1 stage for  this analysis i s  178,700 pounds. These data were  provided 
to R-AERO-XF for a vehicle control evaluation; resul ts  will then be usec 
to evaluate the vehicle s t ructural  capability. Also, the integrity- of the 
S-IVB basic s t ructure,  when used a s  the DWS, i s  being examined. 

Ea r ly  Ear th  Orbital Experiments 

Detailed summary  sheets have been prepared reflecting experi-  
ment  integration cr i te r ia  and data (descriptions, physical character is t ics ,  
and operational character is t ics)  on an R-AS proposed prel iminary se t  of 
DWS-B experiments. These data a r e  currently being revised based on 
a new experiment package defined by the NASA Task Group working on 
DWS-B and DWS-C, and backup sketches of major experiments ref lect-  
ing typical station interface requirements a r e  being developed. 

Experiment scheduling and compatibility analyses have been 
per formed on an EOSS sys tern, using the ESCAPE program and the 
Langley Space Station Simulation Model, for a six-man one-year mission 
incorporating a reasonably sophisticated se t  of 250 experiments.  Annual 
sequencing schedules were developed, and detailed, minute-by-minute, 
schedules were  run  for  four representative weeks within the mission. 
These data a r e  not fully analyzed; however, prel iminary resu i t s  indicate 
a possible experiment res t ra in t  due to power and the fact  that Bio-medical 
work i s  a major  driving factor  in crew time. This resu l t s  in many of the 
significant science experiments being time-phased with la rge  i tems,  
such a s  Bio-med, rather  than with a l l  types of experiments,  

111. Lunar 

Mini - LSSM (or Small Manned Roving Vehicle) 

The work statement for the six-month Small Manned Roving 
Vehicle (SMR-V) study i s  complete. A tentative Technical Panel has  
been established and memorandum prepared requesting that panel 
members  be appointed by the various participating P&VE Divisions. 
The kickoff meeting of the study i s  expected to be held soon. 



Per sonne l  f r o m  this Office a r e  ass i s t ing  i n  the p repara t ion  of 
a presenta t ion for  Capt. Schere r  of NASA Headquar te r s  during h i s  v i s i t  
to MSFC. The presenta t ion i s  being coordinated by M e s s r s .  Belew and 
Wil l iams.  Capt. S c h e r e r ' s  v i s i t  had originally been scheduled for  
F e b r u a r y  7, 1968, but s ince  Dr .  von Braun will be in  Europe a t  that  
t ime,  the v i s i t  has  been rescheduled for Feb rua ry  16, 1968. The 
presenta t ion will include a briefing on Lunar  Surface  Studies,  Lunar 
Flying Unit (LFU),  Lunar  Mobility, and the Lunar Dril l .  Time permit t ing,  
Capt. Sche re r  will a l so  be shown the MTAs and the Lunar  Driving 
Simulator .  

An investigation of power sy s t ems  for Lunar Mobility and 
spacc applications was  continued. Per t inen t  data have been collected 
and a r e  cu r r en t l y  being assembled  into a power re fe rence  handbook. 
Cha rac t e r i s t i c s  of energy sou rce s  and energy conversion devices a r e  
bein(; documented. 

B. Mobilitv T e s t  Art ic le  

Normalization of the MTA data i s  essent ia l ly  complete with the 
wr i teups  being prepared  for  documentation in an  MSFC Internal  Note. 
The t e s t  course  completion i s  the only remaining obstacle to the MTA 
Tes t  P r o g r a m ,  s ince  R-AS has been a s s u r e d  that  Tes t  Laborlatory will  
support  the MTA tes t s .  

Personne l  f r o m  this  Office briefed the Di rec tor ,  R-AS, on the 
purposes  and expected r e su l t s  of the MTA Tes t  P r o g r a m .  

IV. P lane ta ry  

A. Unmanned P lane ta ry  Studies 

1. M a r s  Orbi ter  Mission - - -  A presenta t ion on the u s e  of the 
Sa turn  IB launch vehicle for the 1973 Mar s  o rb i te r  m i s s ion  was  made  to 
Dr .  von Braun  on January  24, 1968. Coordinating this  presenta t ion w e r e  
m e m b e r s  of the f o r m e r  R-AS Voyager P ro j ec t  Office. Personne l  of this 
Office p resen ted  Saturn IB/SM v e h i ~ l e / ~ a ~ l o a d  configurations, spacecra f t  
des ign cha rac t e r i s t i c s ,  spacecra f t  and Service  Module weights, and 
Serv ice  Module modifications. This presenta t ion was  the ba s i s  fo r  
Dr .  von Braun ' s  presenta t ion to Mr .  Webb on January  25,  1968, on 
fu ture  unmanned planetary  miss ion  applications of the Saturn IB launch 
vehicle.  



2.  Alternate Planetary Missions - -  - A presentation to the 
AS0 Senior Staff on unmanned missions to al ternate  planets, namely 
Jupiter and Venus, was given on January 30, 1968. This Office presented 
configuration and weight data on representative spacecraft  which show 
basic spacecraft  design requirements for these missions and the modifi- 
cations required for a Mars  mission spacecraft  to meet  Jupiter and Venus 

mission design constraints. Useful payload weight which can be delivered 
with the Saturn V launch vehicle capability for the al ternate  missions was 
presented. 

3 ,  CY-68 In-house Studies - - -  This Office will be engaged in 
the following studies in the unmanned planetary a r e a  during this calendar 
year :  

a .  I '  Evaluation of Unmanned Planetary Mission and Hardware 
Alternatives to the Voyager Saturn V Baseline' '  

Objectives: The objectives of this study a r e  to evaluate 
alternatives to the Voyager Mars  baseline mission 
f rom the standpoint of alternative mission objectives, 
modes, spacecraft  concepts, launch vehicles, and 
program. 

b. ' I  1975 Voyager Mars  Baseline Hardware Designtt  

Objectives: The objectives of this study a r e  to continue 
the study, design, and definition of Voyager hardware 
for the 1975 Mars  baseline mission. The study will 
initially consist  of design tradeoffs and pa ramet r i c  
analyses of promising spacecraf t  and shroud design 
concepts, as tr ionics  /scientific and telecommunication 
system capabilities, and mission design and perfor man te  
character is t ics .  After completion of these initial t rade-  
off and screening studies, a prel iminary spacecraf t  and 
shroud design will be developed. This prel iminary design 
will continue to be i terated against  mission design 
parameters  and scientific mission capability until a 
recommended baseline prel iminary design is obtained, 

B . Manned Planetary Studies 

The study to define a command post and associated equipment 
for  planetary missions has been completed. Results indicate that four 
console equipment packages weighing a total of 3,880 pounds and occupying 
276 ft3 a r e  necessary  to achieve the desired level of command control of 



the spacecraf t  and mission. These data were  based on cur rent  production- 
l ine sys tems and a r e  expected to reduce by a factor of two pr ior  to  the 
planetary mission time frame.  

Work i s  continuing to  define a probe module capable of housing 
a specified probe complement for a Mars  mission. Packaging of the 
probes has been completed and s t ructural  and ejection schemes a r e  
present ly being evaluated. The Mars  Surface Sample Return (MSSR) 
laboratory and the associated retr ieval  equipment design has been based 
on previous studies performed on the MSSR probe. Problems associated 
with steril ization and probe maintainability during interplanetary t ravel  
a r e  being a s sessed  to establish the feasibility of such related on-board 
operations. To date, available data tend to devaluate these types of 
on-board operations. 

A study to conceptually define a Mars  Soft-lander Probe i s  
nearing completion. The resul ts  of the study indicate that the probe 
will weigh approximately 4,000 pounds and have a diameter of about 
15 feet.  The probe will land approximately 300 pounds of scientific 
equipment on the Mars  surface with a life expectancy of a t  l eas t  six 
months. 

Personnel  f rom this Office attended the final presentation of 
the Integrated Manned Interplanetary Spacecraft Concept Definition 
(IMISCD) study, presented by the Boeing Company a t  Langley Research 
Center on January 23, 1968; The two major  objectives of this study 
were  (1) to conceptually design an  interplanetary mission sys tem capable 
of accomplishing a wide variety of manned missions to land on Mars and 
orb i t  Venus during the synodic cycle f rom 1975 through 1990; and (2 )  to 
define systems development requirements and provide a guide for planning 
the applications and possible follow-on space station programs to ensure 
that they can contribute in  an  optimum manner to the evolution of manned 
planetary capability. The major conclusions resulting f rom the study 
were  (1) that common hardware to accomplish a Mars  and Venus mission 
is pract ical ,  ( 2 )  that the ear th  launch vehicle requires  a 500,000- to 
800,000-pound payload capability to ear th  orbit, (3) that a six-man crew 
would be adequate for a Mars  landing mission, (4) that the total non- 
r ecu r r ing  cost for such a planetary program would amount to approximately 
24 billion dol lars  while each mission would cost approximately 2.5 billion 
dol lars  (i. e . , a two-mis sion program would total about 29 billion dol lars)  , 
and (5) that the f i r s t  mission could be initiated approximately 11 yea r s  
af ter  go-ahead. The study indicated that no "standout" pacing i tems 
existed i n  this schedule. 



GEORGE C. MARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS REPORT 

VEHICLE SYSTEMS DIVISION 

(January 1, 1968, through January 31, 1968) 

SATURN IR 

I. S-IB Stage 

Pressure and Temperature Interlocks 

Engineering Change Request (ECR) BA3M-229 has been prepared 
to make the following changes to the S-IR stage effective with 
SA-205 and subsequent vehicles: 

Delete 750 p.s.i.g. control pressure switch interlock 
from electrical support equipment (ESE). The pressure switch is 
set below minimum pressure required for flight, therefore, a red- 
line has been established to replace the interlock. 

Delete the engine hydraulic system fluid temperature 
OK and motor temperature OK interlock requirements from the ESE. 
The temperature settings on the switches have never been reached 
because they were set higher than the allowable temperature limits 
which are in turn based upon other variables thus giving no indi- 
cation of system performance. 

11. S-IVB Stage 

A. Pneumatic Consoles, DSV-4B-433 

1. Engineering Change Proposal (ECP) 222-1 and 222-2, 
It Continuous GN2 inert purge supply," was submitted by the McDonnell 
Douglas Corporation (MDC) to combat corrosion within the pneumatic 
console, particularly in the electrical "J" box area; however, this 
recommendation was found to be unfeasible due to the high cost of 
gaseous nitrogen ( G N 2 ) .  Kennedy Space Center (KSC) has taken the 
position with Marshall Space Flight Center (MSFC) that the fix to 



provide a continuous purge to prevent corrosion is a costly process 
and only acceptable as an interim fix; it is on this basis that 
ECP 222-2 was approved. Approval of the interim fix does not relieve 
the contractor of the responsibility to continue his efforts to 
provide a permanent fix. To further substantiate this, the 
ground support equipment (GSE)has been retained as work-in-process 
in the contract to permit the contractor to correct design defi- 
ciencies as they become apparent during installation and usage. 
Further investigation here at MSFC has also revealed that the S-I1 
stage pneumatic consoles are experiencing a corrosion problem 
similar to the S-IVB pneumatic consoles. 

2. North American Rockwell (NAR) is presently incor- 
porating an air recirculation and dehydration system for the S-I1 
Mechanical Ground Support Equipment (MGSE). This system is reported 
to be operating at a high degree of efficiency, maintaining a rela- 
tive humidity of approximately 30% within the consoles. This small 
portable console of the commercial variety, can be readily modified 
for use with the S-IVB pneumatic consoles, and can be purchased 
at a fraction of the cost that would be incurred by the use of the 
continuous GN2 purge method. Therefore, the air recirculation and 
dehydration method is presently being studied by both MSFC and KSC, 
as a possible permanent fix to the console corrosion problem. 

B. Forward Umbilical 

In order to eliminate the formation of liquid air on the 
S-IVB forward umbilical GN2 vent coupling, the vent coupling cavity 
was enclosed with a shroud and a helium purge installed for AS-204, 
AS-502 and subsequent vehicles. During launch of AS-204, the 
adequacy of this design was demonstrated. 

C. Cable Installation Inspection 

An inspection was conducted January 8 and 9, 1968, on the 
S-IVB-205 cable installation at Sacramento Test Operations. One 
hundred discrepancies were noted by MDC and an additional 44 were 
discovered by MSFC personnel. These included excessive cable lengths 
and inadequate cable support provisions. The general attitude of 
MDC engineering personnel was that no action will be taken on AS-205 
or subsequent stages to correct these items unless specifically 
directed by MSFC. Follow-up action has been initiated to the S-IVB 
Stage Manager's Office. 



111. Instrument  Unit (IU) 

F lu id  Requirements 

1. I n t e r f a c e  Revision Notice (IRN) R-17 t o  131.120099 and 
IRN-R-14 t o  65ICD8600 were prepared t o  a d j u s t  t h e  p r e f l i g h t  GN2 purge 
f o r  t h e  I U  on SA-204 from 250 1bs.lmin. t o  205 lbs./min. The time 
of  i n i t i a t i o n  of t h i s  purge was changed from 30 minutes p r i o r  t o  
load ing  of LH2 onboard S-IVB t o  190 minutes p r i o r  t o  loading.  This  
change o r i g i n a t e d  a t  KSC due t o  t h e  i n a b i l i t y  of t h e  f a c i l i t y  envi- 
ronmental c o n t r o l  system (ECS) t o  provide t h e  250 lb./min. a s  w e l l  
a s  t o  prevent  hardware impact. 

2. An I R N  t o  both Saturn I B  and V I C D ' s  were prepared 
t o  implement reduc t ion  of t h e  I U  p r e f l i g h t  a i r  purge humidity con- 
t e n t  i n  t he  I U  Spacecraf t ILunar  Excursion Module (LEM) Adapter (SLA) 
a r e a  t o  prec lude  t h e  p o s s i b i l i t y  of t h e  formation of n i t r i c  a c i d  
from water  i n  a s s o c i a t i o n  wi th  minor q u a n t i t i e s  of N204 vapors  
leaked out  i n t o  t h e  IU/spacecraf t  a r e a  from spacec ra f t .  This  change 
does no t  impact e i t h e r  MSFC o r  KSC. 

I V .  General 

A. Hazardous Gas Analyzer OIGA) 

1. The modi f ica t ion  k i t  which r ep l aces  t h e  a l l i g a t o r  c l i p ,  
l oca t ed  on t h e  ion  gage tube c o l l e c t o r ,  wi th  a tube  cap was in -  
s t a l l e d  on t h e  complex 37 HGA, January 3, 1968. This  change was 
i n i t i a t e d  by change r eques t  MK-0211-EM and engineer ing  t h a n ~ e  proposa l  
1B-1054. This  change reques t  was requi red  t o  prevent  t h e  c o l l e c t o r  
l e ad  from becoming disengaged due t o  v i b r a t i o n s  which would render  
t h e  HGA inope ra t i ve .  

2. The Sa turn  I B  HCA u n i t  has  been se tup  t o  record  hyper- 
g o l s  f o r  t he  AS-204 f l i g h t .  The se tup  procedure f o r  hyperga ls  was 
used on t h e  Sa turn  V HGA u n i t  f o r  SA-501 launch. Chrys le r  Corpora- 
t i o n  Space Div is ion  (CCSD) had proposed t o  perform development and 
q u a l i f i c a t i o n  t e s t s  t o  s e l e c t  r e p r e s e n t a t i v e  component gases  f o r  
q u a n t i t a t i v e l y  measurirg n i t rogen  t e t r o x i d e  and hydrazine (ECP 1B-1046). 
S ince  Ma te r i a l s  Div is ion  had inves t i ga t ed  t h i s  problem and had 
e s t a b l i s h e d  t h e  procedure t o  be followed on t h e  Sa turn  V HGA, d i s -  
approval  of t h e  CCSD ECP was recommended. 

B. Operat ions Analysis  

Change Notice 2 t o  Saturn IF3 Launch Vehicle Design Reference 
Ground Sequence (DRGS) document (10M30576), r e v i s i o n  A, has  been com- 
p l e t e d  and d i s t r i b u t e d .  This  change n o t i c e  updated t h e  SA-204 and 



AAP-2 prelaunch sequence of operations. Three chanaes applied to 
SA-204; the other updated the Saturn IB SAA-208 (AAP-2) precount- 
down period (page 6.2.1). This period is depicted on MSFC drawing 
SK10-6161, revision A, AAP-2 Prelaunch Sequence of Operations and 
incorporated into this change package. The document presents a 
launch vehicle DRGS covering the time period from stages arrival 
at KSC until launch and is intended to be used for analysis and 
planning purposes. Major site operations to be performed on the 
vehicle as currently identified are presented for the prelaunch 
period. 

C. Launch Mission Rules 

A revision to the hazardous gas detection system launch 
mission rules was submitted to Industrial Operations (10) to update 
the SA-204 Launch Mission Rules Document prior to countdown demon- 
stration test (CDDT). 

D. Interlocks 

After coordination with KSC, IRN's were completed and 
transmitted to Astrionics Laboratory to add functional interlock 
requirements for propellant loading to Interface Control Documents 
(ICD'S) 40M05403 and 40M05417. Astrionics was requested to process 
these IRN's through the electrical support equipment subpanel for 
approval and implementation. 

E. Interlock Backup Information 

The updated release of the ESE Interlock Bypass Backup 
Information, SA-204 document, dated December 26, 1967, prepared by 
General Electric (GE) for I0 has been reviewed. It was found that 
most of the comments on an earlier release has not been incorporated 
and the document is still incomplete. Because most of the information 
contained in this document was redundant to data available in MSFC 
drawings and other existing documentation, the earlier recommendations 
were restated to the effect that this document be eliminated and no 
further effort be expended in its preparation. The necessary 
comments and recommendations were sent to 10 to accomplish this 
purpose. 



SATURN V 

I. S-IC Stage 

A. Lox Vent Valves 

An ECR (RBGE-300) has been prepared to remove the open 
position indication of both S-IC lox vent valves from the inter- 
locks logic that allows S-IC lox fill to start and continue. A 
more permanent fix is being studied for SA-503 and subsequent 
vehicles; however, the incorporation of a temporary jumper will be 
the fix for SA-502. Propellant loading personnel will visually 
monitor the lox ullage pressure, holding it at 3.5 _+_ 0.5 p.s.i.g., 
and will manually operate the vent valves to maintain this pressure. 
This change is necessary because lox droplets splatter through a 
large part of the ullage volume during recirculation rapidly chilling 
the ullage gases. A rapid negative pressure spike then occurs 
causing as much as 1 p.s.i., negative pressure to develop. The 
volume of the ullage compared with the orificing effect of the vent 
valves and rapidity of pressure fall will not allow quick enough 
pressure recovery from ambient air if the vents are kept open. The 
tank requirement is zero negative pressure, therefore, a bulkhead 
could collapse in case a negative pressure pike occurs. 

B. Ground Hydraulic Accumulator Rank (GHAR) 

The decision has been made to override the mandatory 
requirements for installation of the GHAB into the ground hydraulic 
system of the S-IC stage prior to SA-502 vehicle launch. The Saturn 
V program is presently taking steps to ensure GHAR installation for 
SA-503 and subsequent vehicles. KSC operations personnel have 
verbally stated that if all hardware and software is on dock, at 
KSC, by February 5, 1968, the installation will be scheduled for 
SA-503. Delivery of all required kits to KSC is presently schedulc 
for February 1, 1968, which should meet KSC's requirements. 

11. S-I1 Stage 

A. Interstage Damage at Kennedy Space Center (KSC) 

Use of the S-11-4 aft interstage on the S-IT-3/AS-503 1 

was investigated. The results show that the S-11-4 second plane 
separation structural joint is not compatible with that of the S 
Most other system configurations, electrical, etc., could be use 
with minor changes. 



B. Adhesive Attached Bracket Summary 

A summary of the quantity of adhesive attached brackets 
on the Saturn IB and V stages is being prepared. This summary 
along with recommendations submitted previously will be used to 
determine what action MSFC will take to prevent repeated debonding 
problems at KSC. The initial action which has been recommended is 
the application of a static pull test of all installations. This 
was previously rejected by MSFC management, but is now being con- 
sidered along with better control of the application specifications. 

C. Stage Common Bulkhead 

1. The S-I1 stage common bulkhead purge and leak detection 
function will be performed before and after static firings and 
during propellant loading tests. For static firing and launch count- 
down the leak detection system procedures will be modified to pro- 
vide common bulkhead core evacuation in lieu of purge and leak 
detection. Bulkhead evacuation will be maintained until T-30 seconds 
at which time the S7-29 vacuum pump will be turned off. Effectivity 
for this change is SA-502 and subsequent vehicles. 

2. NAR is presently reworking the vacuum service function 
for the S-I1 stage LH2 tank vent valve sense port checkout utilizing 
S7-45 purge console and S7-29 stationary vacuum pump. Lack of defini- 
tion such as sense port leakage rates, sense port purge functions, 
vacuum transducer location, and number of evacuation cycles have 
made modification of the vacuum circuit a difficult task. The S7-29 
pump will no longer evacuate into the facility hazardous vent system; 
it, together with the C7-55 leak detection console and S7-45 console, 
will vent through a common manifold to the atmosphere as described in 
IRN R-7 to 65ICD9775. A new solenoid valve will tap off the existing 
vacuum circuit in the S7-45A to a cabinet bulkhead fitting. Valve 
actuation will interconnect with the C7-56 amplifier sequencer rack 
and C7-57 control and monitor rack in order to provide Launch Control 
Center (LCC). Tear down and analysis of the primary GN and GHe regu- 
lators in the S7-45 console after SA-501 launch reveale8 a considerable 
amount of foreign matter. NAR has been directed to install inlet 
filters in the S7-45 console GN2 and GHe supply lines. Vehicle 
effectivity is SA-502. The change is to be incorporated at all using 
locations. NAR has indicated that there will be no schedule impact. 
In addition, NAR is being directed to investigate possible regulator 
design deficiencies which may be contributing to the regulator 
failures in addition to contamination damage. 



3. I0 prematurely approved the NAR proposal to relocate the 
S-I1 Stage LH2 feedline elbow outlet flowmeter amplifier in the S7-45 
insulation purge pneumatic control console. This division was with- 
holding its recommendation pending a series of cold flow tests. 
Results indicated that the flowmeter preamplifier location was not 
the basic problem. Malfunctions, which occurred at low purge flow 
conditions, were due to the inherent strength of the sensor magnetic 
field (counter) whose lines of force interferred with the free rota- 
tion of the turbine. The result was excessive starting torque. 
Consequently, in addition to relocating the preamplifier, NAR is 
coordinating with the flowmeter vendor to resolve the magnetic field 
strength problem. The flowmeter preamplifier has been relocated in 
the S7-45 console at Mobile Launcher (MI,)-2 in support of the SA-502 
launch schedule. NAR anticipates a new flowmeter design for installa- 
tion in the S7-45 consoles at ML-1 and ML-3 in support of the SA-503 
and subsequent launch schedules. 

D. Engineering Chanpe Proposals (ECP1s) 

ECP 1200-0057, System Checkout and Systems Test Require- 
ments; ECP 100-0080, Specification Revision Sheets (Changes in test 
specifications for Mississippi Test Operations): ECP 5327, Revisions 
of End Item Test Plan, volume I (for Saturn S-11-6 and subsequent, 
Seal Beach Operations) were processed within the division. 

111. General 

A. Saturn V Technical Checklist 

Revision 13 of the Saturn V Technical Checklist was updated 
with the AS-501 flight data; the document i s  being prepared for dis- 
tribution. 

B. Saturn V Damping System O&M Manual 

1. Change #2 to revision 1 to the Saturn V Damping System 
O&M Manual was distributed. 

2. 9ualification Test Reports 85TR1-10M05065 and 85TR1- 
10M05070 were reviewed for technical adequacy and compliance with 
applicable documentation. These reports are acceptable with minor 
changes which have been coordinated with representatives of Quality 
and Reliability Assurance Laboratory. 



ADVANCED TECHNOLOGY 

I. Systems Design 

A. C l u s t e r  Documentation 

1. "Inboard P r o f i l e  Layout," SK10-9317, i s  being rev ised  
t o  i nco rpo ra t e  t h e  l o c a t i o n  of experiments M-508, M-509, and four  
o t h e r  o p e r a t i o n a l  packages i n  t h e i r  stowed p o s i t i o n s .  

2. The "CSM t o  MDA Phys i ca l  Requirements," drawing 13M20979, 
has  been completed and is being checked. 

3. Recommendations and design change r eques t s  rece ived  from 
MDC have been approved. MDC wants t o  redesign t h e  a i r l o c k  module (AM) 
t r a c k  s o  t h e  hinged p o r t i o n  i n s i d e  t h e  AM can be locked i n  a v e r t i c a l  
a t t i t u d e  which permi ts  passage of experiment packages. The AM t r a c k  
outboard clamp and support  assembly should be redesigned t o  r ep l ace  
t h e  compression clamps with pinned clamps. The r e l ea sed  drawings t h a t  
are a f f e c t e d  by t h i s  redes ign  w i l l  be rev ised .  

4 .  The "MTIA Assembly Layout," 10M12999 was brought up t o  
da te .  

5. The fol lowing documentation was completed: 

The MDA window cover opening mechanism assembly. 

The "Pene t ra t ion  and Component Mounting Requirements - 
MDA," SK10-9540. 

Drawing SK10-9553, "Test F ix tu re ,  Window Cover Opening 
Mechanism ." 

6. Drawing SK10-9541, "MDA Forward Mobil i ty  Poles  Layout," 
is  being r ev i sed  t o  change method of a t t a c h i n g  t h e  po l e s  t o  t h e  f l o o r .  

7. The fol lowing handling and a u x i l i a r y  equipment docu- 
mentat ion has  been r e l ea sed :  

Mul t ip le  Docking Adapter (MDA), 

Air lock module (AM) h o i s t  and t r a c k  assembly. 

The t e s t  requirement p l ans  f o r  t h e s e  assemblies  a r e  50 
pe rcen t  complete. 



8. Assembly documentation has  been s t a r t e d  on t h e  fol lowing:  

The MDA window cover.  

The s c i e n t i f i c  a i r l o c k  cover. 

The s c i e n t i f i c  a i r l o c k  swing arm. 

9. Conceptual design was s t a r t e d  on t h e  MDA docking p o r t  
p r o t e c t i v e  covers.  

10. A l ayout  de f in ing  t h e  p re s su re  hatch stowage bracke t  
has been i n i t i a t e d .  

11. Drawing SK10-9547, "MDA Externa l  Tunnel Layout," i s  
being rev ised  t o  i nco rpo ra t e  t h e  s i z e  and q u a n t i t y  of cab l e s  s p e c i f i e d  
i n  t h e  cab l e  i n t e r connec t  diagram and t h e  moving of experiment S-069. 
This  layout  w i l l  e s t a b l i s h  tunne l  cab l ing  conf igura t ion .  

12. A matr ix  is  being prepared t o  d e f i n e  t h e  t o t a l  p r ed i c t ed  
pene t r a t i on  leakage versus  t h e  2.5 pounds pe r  day al lowable f o r  t h e  
MDA. The d a t a  from t h e  documentation w i l l  be used t o  determine test  
a l lowables  f o r  subsystems f o r  which t h i s  d i v i s i o n  is respons ib le .  

13. Drawing SK10-9549, "MDA Docking Target  Layout," is being 
r ev i sed  t o  r e f l e c t  t h e  new l o c a t i o n  of t h e  t a r g e t  when t h e  t a r g e t  has  
been displayed.  Coordination between MSFC and Manned Spacecraf t  Center  
(MSC) e s t a b l i s h e d  t h e  new loca t ions .  

14. SK10-9921 is  being r ev i sed  t o  show only t h e  i n t e r f a c e  
between t h e  Apollo Telescope Mount (ATM) and t h e  l u n a r  modulelascent 
s t age .  That p o r t i o n  of SK10-9921 t h a t  covered t h e  i n t e r f a c e  between 
t h e  ATM and the  spacecraft/LM adap te r  withdrawal cone is  being t r a n s -  
f e r r e d  t o  drawing SK10-7455, "ATM t o  SLA Clearance Envelope." 

15. A study is  being prepared t o  determine the  p o s s i b l e  con- 
f i g u r a t i o n  f o r  mounting a "serpentua tor"  on t h e  ATM rack.  Primary 
c l ea rance  problems a r e  wi th  s o l a r  pane l  backup s t r u c t u r e ,  l u n a r  module 
umbi l ica l  suppor t  arm, and 603 l e v e l  work platforms.  



16. A B-level I C D  between Perkin-Elmer Company and MSFC 
de f in ing  t h e  ATM t o  gimbal system i n t e r f a c e  is complete and is being 
checked. 

17. SK10-9882, "ATM Platform and Ladder t o  I U  Spacer I n t e r f a c e  
Proposal ,  " was completed. 

18. SK10-7328 i s  being rev ised  t o  i t s  "MI' r ev i s ion .  I n  
a d d i t i o n  t o  t h e  r e l o c a t i o n  of t h e  1i Alpha 82 t e l e scope  and e l e c t r i c a l  
components, t h i s  r e v i s i o n  w i l l  con ta in  t h e  l a t e s t  envelope changes t o  
Naval Research Laboratory Experiment A (NRL-A), Naval Research Laboratory 
Experiment B (NRL-B), H Alpha # I ,  Goddard Space F l i g h t  Center ,  and 
Harvard College Observatory Experiment C t e lescopes .  

19. The pre l iminary  design of t h e  platform h o i s t i n g  f i x t u r e  
f o r  t h e  ATM/Lunar Module (LM) ascent  s t a g e  i s  progress ing  wi th  no 
s p e c i f i c  problem a r e a s  def ined.  The assumed l o c a t i o n  of t h e  ATM rack  
pickup p o i n t s  is  s t i l l  being used a s  t h e  b a s i s  f o r  t h e  h o i s t i n g  f i x t u r e  
dimensions. 

20. Drawing SK10-7266, "ATM Inboard ~ r o f i l e / S p a c e  Envelope 
Layout," is  being rev ised  t o  t h e  l a t e s t  conf igura t ion .  This  w i l l  
i nc lude  a  r e l o c a t i o n  of s o l a r  pane ls  t o  12 1 /2  inches  below t h e  bottom 
rack  c e n t e r l i n e ,  a  r e l o c a t i o n  of rack mounted e l e c t r i c a l  components, 
and a  gene ra l  conso l ida t ion  of views. 

21. S i g n i f i c a n t  ground r u l e s  e s t a b l i s h e d  a t  an LM/ATM 
meeting a f f e c t e d  l o c a t i o n  of t h e  ATM s o l a r  a r r a y ,  e l imina t ion  of t h e  
requirement f o r  camera i n s t a l l a t i o n  i n  t h e  experiment c a n i s t e r  a f t e r  
ATM s t ack ing  i n  t he  SLA, and an agreement t o  f r e e z e  t h e  equipment l i s t  
f o r  t h e  ATM wi th  t h e  January 17,  1968, i s s u e  of t h i s  document. 

22. The "MDA/ATM Clearance Layout" which de f ines  t h e  dynamic 
c l ea rance  envelope f o r  t h e  ATM docking t o  t h e  MDA is 50 percent  complete. 

B. Ordnance Component Hazard I d e n t i f i c a t i o n  

A method t o  i d e n t i f y  ordnance components on both t h e  Sa turn  
I B  and Sa turn  V s t a g e s  has  been documented f o r  compliance by t h e  s t a g e  
con t r ac to r s .  This  change is t o  be incorpora ted  on AS-205 and subsequent 
v e h i c l e s  and AS-503 and subsequent veh i c l e s .  

11. Systems Operat ions 

A. D e s i ~ n  Reference F l i g h t  Sequence_ 

The i n i t i a l  r e l e a s e  of t h e  desiqn re fe rence  f l i g h t  sequence 
f o r  t h e  Apollo Appl ica t ion  Program ( U P ) - 4  mission,  MSFC drawing 



10M30383, has been completed and transmitted to Astrionics Laboratory. 
This initial release contains preliminary planning data concerning 
this laboratory's launch vehicle boost sequence requirements for 
development of the flight sequence program and cluster activation and 
deactivation sequences. 

B. Cryogenics, Pressure Balanced, Quick Disconnect Coupling 

Contract NAS8-21161 has been awarded to Puralator Products, 
Inc., for the design, development, and qualification of a cryogenics, 
pressure balanced, quick disconnect coupling. The contract is 
arranged to provide a phased development of the couplinq. The first 
review of Phase I will be held in four months. Mr. Jankowski of this 
division is the Contracting Officer's Representative (COR) for this 
contract. 

C. Martin-Denver System Failure Effects Analysis (FEA) Task 

1. A general survey of Martin's Phase C Task on high level 
FEA was conducted on January 11 and 12, 1968, to determine if any 
duplication of effort and any incompatibilities with MSFC requirements 
were evident. The following conclusions were reached: 

The preliminary general guidelines furnished Martin for 
performing the analysis in support of contingency studies will require 
some modification. In general, the Martin approach is compatible with 
the detailed procedures being developed inhouse, however, it will be 
necessary to orient the contractor in the full intent of these analyses 
and related activities for any followon tasks. 

The contractor will have to become more familiar with 
groundrules, techniques, and terminologies of MSFC contractor detailed 
FEA prior to any overall analysis integrationlevaluation tasks. 

2 .  It should be noted that system level FEA on MDA and OWS 
will be available from Martin during the week of January 15, 1968, for 
review. These more complete documents will be evaluated and appropriate 
detailed comments and recommendations will be transmitted to and dis- 
cussed with the contractor. 

3. Martin's Phase C FEA activities under task 95 are to: 

Amend and update detailed ATM FEA furnished by Astrionics. 

Perform system (high level) FEA on MDA subsystems on 
experiments capable of operating in the MDA, MDA/AM/OWS interfaces, 
and OWS experiments. 



111. Systems Engineering 

A. Neutral. Buoyancy Simulation 

A n e u t r a l  buoyancy s imula t ion  of i n t e r n a l  LM as t ronau t  
ope ra t i ons  such a s  drogue removal, LM forward hatch egress  and u t i l i -  
z a t i o n  of a s t ronau t  docking te lescope  was begun on January 15,  1968, 
i n  t h e  Manufacturing Engineering Laboratory n e u t r a l  buoyancy f a c i l i t y  
f o r  t he  LM/ATM mission. The purposes of t he se  s imula t ions  a r e  t o  
determine p o s s i b l e  i n t e r f e r e n c e  problems with t h e  proposed c o n t r o l  
and d i sp l ay ,  envelope and e s t a b l i s h  acceptab le  envelope dimensions. 
The work is  about t en  days behind schedule  due t o  equipment breakdown. 

B. O r b i t a l  Workshop (OWS) Caution and warn in^ System Requirements 

Requirements f o r  t h e  cau t ion  and warning system f o r  t h e  
AAP-2 mission were discussed a t  a meeting on January 19,  1968, wi th  
l abo ra to ry  P r o j e c t s  Of f i ce  personnel .  The dec i s ion  was made t h a t  
t h e  requirement f o r  t h e  system w i l l  be coordinated with MSC through 
t h e  Systems Sa fe ty  Panel.  A pre l iminary  requirements document was 
reviewed and those  p re sen t  were asked t o  submit comments t o  t h e  
l abo ra to ry  P r o j e c t s  Off ice .  

C. Mul t ip le  dock in^ Adapter (MDA) Discrepancies  and Requirements 

1. The MDA Prel iminary Design Review (PDR) on January 16 
and 17,  1968, r e s u l t e d  i n  27 C r e w  S t a t i o n  Review I t e m  Discrepancies  
(RID'S). Pre l iminary  responses t o  a l l  t h e s e  R I D ' S  were forwarded t o  
t h e  l abo ra to ry  P r o j e c t s  Off ice  on January 24,  1968, i n  p repa ra t i on  
f o r  t h e  PDR board meeting on January 26, 1968. The most s i g n i f i c a n t  
R I D ,  w r i t t e n  by a s t ronau t  Jack Lousma and o t h e r s  c a l l e d  f o r  mockup 
reviews of a l t e r n a t e  i n t e r i o r  conf igura t ion  and a d e l t a  PDR t o  review 
t h e  s e l e c t e d  concept.  Since t h e  c o s t  and s thedu le  impact of imple- 
menting t h i s  R I D  would be g r e a t  and s i n c e  t h e  c u r r e n t  con f igu ra t i on  
is  judged by R&DO t o  s a t i s f y  a l l  s t a t e d  requirements ,  d i sapprova l  of 
t h i s  R I D  was recommended t o  t h e  board on January 26, 1968. 

2. A s tudy  was performed t o  determinethe optimum number 
of S c i e n t i f i c  Ai r locks  (SAL) requi red  on the  MDA compared wi th  va r ious  
degrees  of usage of t h e  a c t i v e  a t t i t u d e  c o n t r o l  system. The r e p o r t  
p resen ted  an optimized l o c a t i o n  of t h e  SAL based on scheduled exper i -  
ments, r e l a t e d  po in t ing  requirements ,  and a l s o  the  number and l o c a t i o n  
of SAL's which would s a t i s f y  new experiment requirements.  The r e s u l t s  
of t h i s  s tudy  analyseswere presented a t  t h e  MDA P9R. The a s t r o n a u t s  
s p e c i f i c a l l y  requested t h a t  t h e  SAL be loca t ed  on t h e  c o n t r o l  a x i s  of 
t h e  C lus t e r .  To accommodate t h i s  r eques t ,  and provide f l e x i b i l i t y  f o r  
new experiments,  t h i s  d i v i s i o n  recommended t h a t  two SAL be used, 
l oca t ed  over  t h e  numbers I and I11 docking p o r t s .  



D. Experiments 

1. An agreement was made on January 3, 1968, by repre-  
s e n t a t i v e s  from t h i s  d i v i s i o n ,  t h e  l abo ra to ry  P r o j e c t s  Of f i ce ,  and 
S t r u c t u r e s  Divis ion t o  move t h e  SO69 x-ray sensor  package from 
between Pos i t i ons  I1 and 111 t o  a  new l o c a t i o n  between P o s i t i o n s  I f f  
and I V .  A t  t h e  p re sen t  time SO69 is  the  only experiment mounted 
e x t e r n a l l y  on t h e  MDA. This r e l o c a t i o n  was necessary,  i n  conjunc t ion  
wi th  t he  s h i f t i n g  of o t h e r  MDA hardware, t o  make it p o s s i b l e  f o r  
t h e  SAL t o  be l oca t ed  between Pos i t i ons  I and 11. The new l o c a t i o n  
of SO69 x-ray sensor  package w i l l  no t  compromise t h e  o b j e c t i v e  of t h e  
experiment. 

2.  A human f a c t o r s  eva lua t ion  of t h e  proposed experiment 
M469, Removal of Components from t h e  S t a b i l i z e d  Platform ST-124, was 
completed; t he  r e s u l t s  were s e n t  t o  t h e  p r i n c i p a l  i n v e s t i g a t o r  (P I ) .  
The a r e a s  of human ope ra to r  func t ions ,  ope ra to r  cond i t i ons ,  ope ra to r  
t r a i n i n g ,  equipment func t ions / requi rements ,  p o t e n t i a l  hazards ,  phys i ca l  
c o n s t r a i n t s ,  and s imula t ion  requirements were discussed.  F i n a l l y ,  an 
equipment eva lua t ion  and c e r t a i n  design recommendations were made. 

I V .  Systems Requirements 

A. Ground Tes t  A r t i c l e  (GTA) 

Sec t ion  4 of t h e  Experiments Package (Container) CEI Spec i f i -  
c a t i o n  was approximately 90 percent  complete during t h i s  r e p o r t i n g  
per iod.  Prel iminary research  was a l s o  i n i t i a t e d  on s e c t i o n  4  f o r  t h e  
AAP-2 p r o j e c t  s p e c i f i c a t i o n  and the  ATM Systems Spec i f i ca t i ons .  

R. Mult ip le  Docking Adapter (MDA) Discrepancies  

Approximately 110 R I D ' S  generated during t h e  MDA PDR were 
eva lua ted  t o  determine impact on t h e  end item s p e c i f i c a t i o n .  Approxi- 
mately 60 percent  w i l l  impact and r e q u i r e  s p e c i f i c a t i o n  change n o t i c e s  
(SCNts)to t he  s p e c i f i c a t i o n .  Defined changes w i l l  be  submitted f o r  
program approval  w i th in  2 t o  4 weeks. Other changes w i l l  r e q u i r e  
coord ina t ion  wi th  des ign  a reas .  

C. O r b i t a l  Workshop (OWS) Schedule 

The OWS schedule  has  been r ev i sed  t o  i nco rpo ra t e  t h e  a t t i t u d e  
c o n t r o l  system (ACS) and t h e  s o l a r  a r r ay .  
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SATURN IB 

Saturn IB Stage 

A .  T ~ a n s d u c e r  Receptacle 

A memorandum has  been t ransmit ted through the P & Y E  Laboratory 
Project Office supplyisg CCSD Michoud with the most  cu r r en t  composite 
w o r s t  ca se  vibration specification for qualifying the redesigned t ransducer  
receptacle  P / N  50610622. The component i s  used in two different vehicle 
locations. 

The r ive t s  on the number 7 inboard engine th rus t  beam were  r e -  
placed t o  take the increased load due to bombing of the engine. 

Strain gages located on the th rus t  block of the number 7 inboard 
engine th rus t  beam indicated that  the th rus t  s t ruc ture  is soft. Only one 
peak was reg is te red  during engine th rus t  buildup, but i t  was not over the 
maximum thrus t  of 205 kips. There  were  many peaks on the single engine 
t e s t  f i r ings ,  but none of the peaks were  higher than the maximum of 205 kips.  



SATURN V 

I. S-IC Stage 

On January 27, 1968, the Boeing S t re s s  Group notified the Advanced 
Structures  and Research Section of a potential problem concerning proof 
testing of the S-IC lox tank. This was a resul t  of Boeing being informed 
by North American Rockwell that recent f racture mechanics type testing 
on 2014 mater ia l  conclusively proved that a magnification factor (Mk) 
exis ts  in some mater ia l s  for deep flaws when subjected to  cryogenic 
temperatures .  Mk i s  applied a s  a reduction factor to the f rac ture  
toughness (Kc) of the mater ial .  The net effect i s  that Mk can invalidate 
room temperature hydrostatic proof testing of tanks that will operate 
in a cryogenic environment, even though the tank may have been designed 
for  room tempera ture  propert ies .  The S-IC lox tank i s  being evaluated 
to determine the effects of Mk on 2219 material .  

11.' S-I1 Stage 

A .  Static Fir ing 

Three more  static firing exposures of the S-I1 forward sk i r t  on 
the MARL a r e  desired to  complete the compilation of vibro-acoustic 
t r ans fe r  functions. In view of the F-1 engine tes t  stand shutdown, it is 
planned to  move the MARL and forward sk i r t  to the test  stand where 
S-IB-11 i s  scheduled for  a se r i e s  of static firings during February  and March. 

B. LH-, Feed Line Test  

The redesigned center engine LH2 feed line has  successfully 
completed the f i r s t  t es t  s e r i e s  on the entire line. The la t te r  portion 
of this s e r i e s  of t e s t s  was run with redesigned bracketry af ter  bracketry 
fai lures  occurred on the initial tes ts .  

C. "A" Structure Test (402) 

Boeing's instrumentation installation on the specimen i s  progressing 
ve ry  satisfactorily,  operating on a 3 -  shift work day. North American 
personnel have been meeting with personnel f rom ME Laboratory, P & V E ,  
and Boeing, January 23 and 24, to  discuss  their  experience on the foaming 
operation over instrumentation installations. The specimen was completely 
turned over to Boeing instrumentation on January 18, 1968. By that date, 
Manufacturing Engineering Laboratory had completed the S-111s-IC interface 
weld and the mechanical splice, except for  the ring installation and 
approximately 700 other fasteners  in the splice. These fas teners  have been 
ordered and will a r r i v e  on or  about February  20. This shortage will not 
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cause any schedule delay. The "I" beam ring manufactured in six segments 
by Hayes International Corporation has been scrapped. The facil i t ies 
available for rolling these "1" beam segments a r e  not capable of meeting 
the design requirements.  An alternate ring design has  been accepted that 
will alleviate the difficulties caused in rolling the f l I1 l  beams. This will 
consist  of an outboard tee section, flat  plate web, and inboard cap angle 
fastened together to produce the same moment of iner t ia  and a r e a  a s  
the original "1" beam. No schedule delay i s  anticipated. 

D. "BIf Structure Test  (401 1 

The f i r s t  cycle of Phase  I (pneumostat) testing was initiated 
January 5. The t e s t s  had been delayed since December 7, 1967, due to  
instrumentation problems. These problems were finally overcome and 
testing was successfully completed a t  Santa Susana on January 8. The 
remaining four pneumostat cycles were completed on the specimen a t  
Santa Susana on January 16, 1968. This completes Test  Condition I, 
Cyclic Proof P r e s s u r e ,  which simulated the production pneumostatic 
proof by exposing the tank to 25  psig. The instrumentation showed no 
unusual behavior and the testing was successfully completed in a 
routine manner . 

E. "Cft Structure Test  (403) 

After successful completion of the Phase  I testing (Aft Skirt 
Qualification) the inters tage was removed f rom the tes t  setup prepara tory  
to changing f r o m  Phase  I to Phase  I1 testing. The load platform, with 
thrust  s t ruc ture  attached, was returned to the Phase  11 t es t  position. 
Por t ions  of the t e s t  f ixtures were  installed. Bad weather reduced the 
work force for  several  days causing the changeover p rogress  to  slip 
slightly behind schedule; however, it i s  expected that these efforts will be 
back on schedule when Phase  I1 testing i s  initiated. 

Some difficulty was encountered in attempting to  replace the 
thrus t  mount bolts with the newer specified bolts. The use of heat, cold, 
and force did not dislodge the thrust  mount bolts. Because of grea ter  
s t ruc tura l  compromise in interchanging the bolts, i t  was recommended 
that the installed bolts remain in the s t ructure for  the duration of the 403 
testing. 

New tempera tures  for  the nominal S-11-4 flight case a r e  being 
calculated with the 25 percent  reduced design recovery temperature and 
heating ra tes .  These new temperatures  will be used on the "C" s t ruc ture  
Phase  I1 test .  



F. S-11-1. 2. 3 Thrust  Structure Tes t  (404) 

Because of center personnel actions, Computation Laboratory 
withdrew their  computer support contractor personnel, halting the thrust  
s t ructure tes t s .  The schedule was slipped one week while this problem was 
t e m p o r a ~ i l y  resolved. Testing picked up again on January 22. This 
situation not only affects the 404 t e s t  but a l so  the " A t t  and ' tC"  structural  
t e s t  programs on a one to one bas is .  On January 22, 23, and 24, l imit  
load testing was successfully completed for  the following conditions. 

January 22: Outboard engines firing, center engine out, no 
actuator load, zero  gimbal angle 

January 23: A l l  engines firing, no actuator load, z e r o  
gimbal angle 

January 24: A l l  engines firing, no actuator load, 60 gimbal 
angle 

No anomalies have occurred to  date. 

111. Instrument Unit 

A meeting was held between Operations Management Office, and 
Astr ionics  and P&VE Laborator ies  to d iscuss  tes t  possibilities on the ST- 124 
platform. Structures  Division presented possible t e s t s  to  increase  the 
confidence in  the ST-124 for 502 and subsequent flights, and to qualify the 
ST- 1 24. Structures  Division recommended that the additional confidence 
in the ST-124 could be obtained by subjecting the ST-124 to an assembly 
acoustic t e s t  on the MARL. I t  was stated that MARL acous t ic~levels  in 
the cr i t ical  frequency ranges could a t  leas t  equal 501 flight levels and 
possibly exceed them i f  an F- 1 engine was utilized a s  the excitation source.  
Structure s Division a lso  recommended, f rom a standpoint of qualification, 
that the ST- 124 be subjected to  a vibration t e s t  utilizing backup s tructure.  
This vibration test ,  coupled with the assembly acoustic on MARL, would 
qualify the ST- 124 for  flight. 

IV. Saturn V System 

A. Damper System 

Documentation was released and par t s  fabricated for  improved 
reliabili ty of switches in the system. A delay in  delivery of the Mobile 
Launcher 3 system (ML-3) was requested in order  to t e s t  the modification, 
but i t  -ot granted. The modification will be tested to  the extent possible 



by bench testing pr ior  to use a t  Kennedy Space Center. The tes t  program 
on the ML-3 system was completed and the system i s  being refurbished. 
The scheduled ondock date a t  KSC i s  March 1. This i s  the l a s t  of three 
damper sys tems fabricated and tested for use a t  KSC. 

An analysis of bending moments measured f rom the AS-501 empty 
vehicle while on the pad and experiencing high winds was performed. The 
poor comparison of the analysis with wind tunnel and calculated data 
resulted in a recommendation that the s t rain gauges be read  periodically 
when the wind velocity i s  low, in order  to establish the t rend of the gauges, 
so  that they may be more  accurately zeroed in pr ior  to  recording data. 

C. Ullage Motors 

A study was performed to determine if removal of four of the 
present  eight ullage motors  on the S-I1 would cause a collision problem 
on the S-IC/S-I1 separation. It was determined that the change would not 
cause any clearance problem. 

D. Sequencer Fa i lure  Mode 

A loads study has  been completed on the sequencer failure mode 
and the resul ts  a r e  published in R-P&VE-SLR-68-3. The study showed 
no impact  on present  s t ructure.  

GENE RA L 

I. Saturn V 1 / 10 Scale Model 

The 1 /10  scale model of the Saturn V space vehicle has  been 
fabricated and mounted on a t rack  t e s t  sled. The sled and payload have 
been shipped to AFMDC, Holloman Air Force  Base,  New Mexico, where 
they will undergo three weeks of ground vibration testing. Another two 
weeks will be needed to install  the instrumentation. The f i r s t  of 12 
scheduled t e s t  f ir ings i s  expected to take place during the f i r s t  half of 
March 1968. The objective of this program i s  to  study the localized 
s t ruc tura l  responses to the aerodynamic noise environment. 



11. Acoustic Calibration Facility 

The Acoustic Calibration Facility in Building 4619 has become 
operational and 24 microphones were calibrated during the f i r s t  week 
of ope ration. 

111. Vibro-Acoustic Testing 

P a r t  two of the payload vibro-acoustic tes t  has  been completed. 
The objective of this program was to  determine typical vibration responses 
of la rge  masses ,  such a s  the ATM structure,  when excited acoustically 
through a honeycomb shroud. P a r t  two was run a t  reduced acoustic levels 
because the acoustic a i r  supply sys tem i s  not operative. The data will 
be carefully reviewed to determine if retesting i s  necessary  and will be 
available by February  1. 

APOLLO APPLICATION PROGRAM 

I. Apollo Telescope Mount 

Rack 

Information was received f rom Astrionics Laboratory on the lo- 
cation, relative to the rack, of the aft  s t ructural  support points for the Solar 
A r r a y  Wings. Pre l iminary  design layouts have been initiated for the additional 
s t ructure required on the rack for the support of the wings. However, the 
associated wing load information has  not yet been generated to allow the 
s t ruc tura l  members  to be sized, or  to compare the transportation and 
handling loads that this additional s t ructure may be required to accept. 

A design study has a l so  been s tar ted for  the s t ructure associated 
with the astronaut work station. An automatic retraction sys tem will be 
considered for  the existing diagonal s t rut .  Consideration i s  being given 
to the pyrotechnic device being relocated on the corner  fitting of the rack 
(instead of on the s t rut  a s  i t  i s  presently designed) to improve clearances.  
The corner  fitting on the rack  and the end fitting of the diagonal s t ru t  would 
be revised to accomplish this relocation. 

Liaison with Manufacturing Engineering Laboratory relative to the 
AAP-IV rack  has  continued throughout the reporting period. Mislocated 
holes in the lower f rame of the rack required for  attaching the outrigger 
corner  fittings were reviewed. The holes were dril led with l e s s  than 1. 5 
d iameter  edge distance. Rather than scrapping the lower ring f rame 
assembly,  the condition was accepted on an engineering waiver. 



11. Multiple Docking Adapter (MDA) 

A. Structural System 

Although ostensibly "frozen" a t  the beginning of the reporting period, 
this Division was subsequently requested to make c o n t i n ~ e d  changes to  the 
MDA s t ruc tura l  drawings. Current changes a re :  relocation of lands for  
cutouts through the forward bulkhead to eliminate interference of window 
cover mechanism with s t ructure;  relocation of cutout in skin to accommodate 
new position of the scientific a ir lock over port  I; addition of new cutout 
in skin to accommodate a new scientific airlock over port  111; and, 
investigation of s t ructural  modification required to accommodate a 12-inch 
diameter  by 36-inch long muffler on the environmental control sys tem duct. 
Vehicle Systems Division has requested Structures Division to  investigate 
the addition of more  windows in the cylindrical portion of the MDA adjacent 
to the scientific airlocks.  This investigation has not been initiated since 
a l l  available manpower i s  required to incorporate the other changes. 

B. MDA Docking P o r t s  

Work has  been completed on the prel iminary concepts being 
investigated concerning the retractable  probe port  for the MDA. This 
r e f e r s  specifically to the probe docking port  a t  port  location No. 1. A 
por t  capable of being retracted 14 inches before launch and then extended 
into docking position in orbit  before the LM/ATM docks was studied. 
An evaluation of the various solutions to the probe / SLA interference problem 
has  been prepared.  The solutions included in this evaluation were: dual 
purpose LM, retractable  docking port ,  re t ractable  probe, docking port  
cover,  SLA fairing, and a flush MDA docking port .  

A prel iminary design drawing for the new interface docking 
r ing on a l l  docking ports  to incorporate a dual purpose docking capability 
has  been completed. 

Review I tem Discrepancies (RID'S) that were  generated against 
the MDA docking port  s t ructure in the Pre l iminary  Design Review have 
been answered. 

111. BP-30 Service Module 

A Structures  Division representative went to KSC to inspect the 
serv ice  module fuel tank that was buckled af ter  a hydrostatic leak t e s t  
January 11, 1968. The tank buckling was due to premature  closing of the 
vent valve while draining. Two la rge  indentions occurred i n  the pressur ized  
cylindrical portion of the tank and seven indentions occurred in the forward 
skir t .  

3 1 



The indentions in the pressurized portion of the tank were  snapped 
back to  the original shape by refilling with water.  These buckled a r e a s  
were dye-penetrant inspected by cracks  and none were found. The 
pressur ized  portion of the tank will be satisfactory since the internal 
p res su re  will stabilize the tank. 

The buckles in the forward sk i r t  did not completely snap back 
when the buckles were  removed f rom the pressurized portion of the tank, 
thus reducing i t s  strength. However, the aft  skir t  which was undamaged 
has  sufficient strength to  support the total load. It i s  recommended that 
the tank be accepted for  flight without additional modifications. 

IV. Nuclear Ground Test Module (NGTM) 

The 9-foot r i f t  tank i s  presently experiencing difficulty in the ME 
Laboratory. Scratches and gouges have been removed by grinding. A 
hydrostatic t e s t  which was scheduled had to be eliminated due to i t s  close 
proximity to some Saturn V hardware.  P resen t  plans a r e  to  hydrostatic 
t e s t  the tank in another a r e a  af ter  a l l  modification has been accomplished 
except insulating. Warpage in flanges on the shroud a r e  causing problems 
which a r e  requiring investigations for  fixes. The modification drawings 
for  the 105-inch tank a r e  now being checked. These drawings a r e  expected 
to  be re leased  by February 1. 

V. S-IVB Stage (Orbital  Workshop) 

A. Acoustic Silencers and Flow Diffusers 

Work on the development of acoustic s i lencers  and flow diffusers 
for  the S-IVB OWS i s  progressing. Testing of possible design has  indicated 
a reduction of approximately 20 dB can be easily obtained. The objective 
i s  to  obtain a 30 dB noise reduction in order  to allow easy  voice communication 
in a shir t -s leeve environment, and to improve the overall comfort  level 
in the workshop. Testing of an unmodified fan in a par t ia l  atmosphere of 5 
psia  has  shown that the SPL output i s  decreased about 8 dB a s  a resu l t  
of the decrease  in specific acoustic impedance of the internal medium. 
Design of an acceptable silencerldiffuser i s  scheduled for  March 1, 1968. 

B. Altitude Propulsion System (APS) 

The baseline configuration of the S-IVB Workshop APS has  been 
changed f r o m  a three-tank to a four-tank design. The same basic s t ruc tura l  
approach will be used for  the four-tank version, however, the shroud will 
become much l a rge r  and will pose a more  severe problem. Work will 
begin on the new version immediately. 



VI. Modular Nuclear Vehicle (MNV) 

A design investigation was initiated to define the optimum MNV 
thrust  s t ructure arrangement .  Since the optimum arrangement  i s  
dependent on both heat leak and s t ructural  weight, an effort to establish 
the extent to which each consideration (LH2 boil-off and s t ructural  weight) 
should control the design was ca r r i ed  out. Pre l iminary  resu l t s  of the 
effort indicate that, for  the Manned Mars  Mission, up to approximately 1. 5 
pounds of s t ructural  weight can efficiently be used to prevent one pound 
of LH2 boil-off. Therefore,  any structurally adequate MNV thrust  structure 
may efficiently be increased in weight to prevent L H  boil-off if the 2 
additional s t ructural  weight does not exceed 1. 5 t imes the weight of the 
boil-off i t  prevents.  

VII. B i a x i a l W e l d T e s t  

The f i r s t  40-inch diameter  biaxial weld t e s t  cylinder was tested 
January 12. The mater ial  of this t e s t  ar t ic le  was 2014-T6, 0. 10 inches 
thick. Fai lure  occurred a t  a p res su re  of 156 psig in the weld, a s  predicted. 
This i s  the f i r s t  data point in a se r i e s  of t e s t s  to determine the effects 
of biaxiality on welded s t ructures .  

G. A .  Kroll 
Chief, Structures  Division 
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MONTHLY PROGRESS RE PORT 

JANUARY 1, 1968 THROUGH JANUARY 31, 1968 

SATURN V 

I. S-IC Stage 

A .  Evalua t ion  of Commercial Adhesives 

S tudies  a r e  cont inuing a s  ou t l i ned  below t o  develop o r  modify 
high performance polyurethane adhesive systems f o r  u se  on t h e  Sa turn  
s t a g e s  . 

1. Study of t h e  Ef fec t s  of Aging on Adhesive Bond St renpth  

T e s t s  were run  on t h r e e  s e r i e s  of samples t h a t  have been i n  
ambient outdoor s t o r a g e  (pro tec ted  only from d i r e c t  r a i n  and s u n l i g h t )  f o r  
12 months. I n  t h i s  program aluminum adherends were primed f o r  one of t h e  
s e r i e s  wi th  2-6020 and with hydrolyzed 2-6040 f o r  another  s e r i e s .  The 
primed adherends were then  bonded wi th  the  adhesive system 100 g .  7343, 
12.5 g.  7139, and 1 . 0  g 2-6040. A con t ro l  s e r i e s  was a l s o  included i n  whicl 
t h e  adherends were not  primed and 2-6040 was excluded from t h e  adhesive mix 
Monthly t e s t s  on samples show l i t t l e  o r  no d e t e r i o r a t i o n  i n  s t r e n g t h  
a t t r i b u t e d  t o  aging,  although some v a r i a t i o n s  i n  s t r e n g t h  p rope r t i e s  a r e  
encountered. The r e s u l t s  a l s o  show t h a t  t h e  primed samples a r e  much strongc 
than  t h e  c o n t r o l .  S ince  no new o r  s i g n i f i c a n t  t rends  have been brought ou t  
by r e c e n t  monthly t e s t s  and s i n c e  t h e  supply of samples is  now becoming 
c r i t i c a l ,  t e s t s  w i l l  be  conducted q u a r t e r l y  o r  semi-annually i n  the  f u t u r e .  

2.  Study of  t h e  E f f e c t  of S torage  a t  Elevated Temperature on 
Unmixed Adhesive Inpedients  

T e s t s  were made t o  determine t h e  e f f e c t  of s t o r a g e  a t  e leva ted  
temperature of Narmco 7343 on t h e  bond s t r e n g t h  of adhesive j o i n t s  made fro1 
t h e  Narmco 7343-26040 adhesive system. S torage  condi t ions  were 160°F (71°C: 
and 212°F (100°C) f o r  per iods  up t o  120 hours .  The r e s i n s  were kep t  i n  sea:  
cans dur ing  s t o r a g e  s o  a s  t o  observe thermal e f f e c t s  without  i n t e r f e r e n c e  £1 
atmospheric e f f e c t s .  T e s t  r e s u l t s  i n d i c a t e  t h a t  s t o r a g e  f o r  120 hours  a t  



160°F (71°C) does no t  appear t o  a f f e c t  t h e  bonding q u a l i t i e s  of t h e  7343 r e s i n ,  
whi le  s t o r a g e  a t  21Z°F (lOO°C) f o r  a s  s h o r t  a per iod a s  24 hours i s  d e f i n i t e l y  
degrad ing  wi th  r e s p e c t  t o  bond s t r e n g t h .  

3 .  Addit ive and Primer S tud ie s  

Stafoam AA-1802 has  been inves t i ga t ed  f u r t h e r  a s  a primer f o r  
polyurethane adhes ives .  A series of lapshear  t e n s i l e  tests was prepared t o  
e v a l u a t e  t h e  e f f e c t  obtained on bond s t r e n g t h s  when t h e  concen t r a t i on  of 
Stafoam AA-1802 i n  MEK was v a r i e d  from 5 percent  t o  25 percent .  S i l a n e  
coupl ing  agent  2-6040 was incorpora ted  a t  t h e  0.2 percent  l e v e l  i n  t h e  primer 
s o l u t i o n  and 1 . 0  percent  i n  t h e  adhesive mix. The r e s u l t s  of t h e  t e n s i l e  
tests i n d i c a t e d  t h a t  a 15-percent  s o l u t i o n  of Stafoam AA-1802 i s  more 
e f f e c t i v e  a s  a primer f o r  polyurethane adhesives  than t h e  formerly used 
25 pe rcen t  s o l u t i o n .  

Lapshear specimens were prepared and t e s t e d  a t  -300°F (-184OC), 
room temperature ,  +200°F (93OC), and +250°F (121°C) i n  a test s e r i e s  designed 
t o  de te rmine  t h e  optimum cure  t i m e  f o r  t h e  Stafoam AA-1802 primer system. 
The adhes ive  system was Narmco 734317139 (100 g:11.5 g . )  wi th  1 . 0  g 2-6050 
a d d i t i v e .  T e s t  r e s u l t s  were a s  fol lows:  

Lapshear T e n s i l e  (p s i )  a t  T e s t  Temperature 
200°F 250°F -300°F 

Primer Cure Cycle Room Temperature _O (121 "C) (-184°C) 

A. 2 hours  room temperature  4260 1388 2280 8394 

B .  2 hours  room temperature  
+ 24 hours  a t  160°F (71°C) 3368 2330 2168 7704 

C . 4 hours room temperature  3960 2700 2252 81 96 

D .  24 hours room temperature  4280 2540 2104 8260 

Ne i the r  of t h e  longer  c u r e  cyc l e s  B. and D . appears  t o  o f f e r  any q t r eng th  
advantage.  Cycle C .  i s  s u p e r i o r  t o  t h e  s h o r t e s t  cu re ,  Cycle A . ,  only  a t  
+200°F (93OC), which shows an anomolous drop i n  t h e  l a t t e r  c y c l e .  Cycles 
A .  and C .  w i l l  be  f u r t h e r  compared t o  confirm t h e s e  r e s u l t s .  

The 3 M  Company's s i l a n e  primer 3901 has  been eva lua ted  and has  
never  proved a s  e f f e c t i v e  a s  Dow Corning 's  2-6020 o r  2-6040 a s  a metal primer 
f o r  polyurethane bonding. Recent ly ,  however, i n  response t o  i n t e r e s t  expressed 
i n  3M Company's 3515 polyurethane adhesive used i n  conjunc t ion  wi th  t h e  3901 
pr imer ,  t h a t  system was reeva lua ted  i n  aluminum l apshea r  and T-peel con f igu ra t i ons .  
Only t h e  l apshea r  d a t a  a r e  now a v a i l a b l e .  Resu l t s  were 1096 p s i ,  648 p s i ,  
and 7376 p s i  a t  room temperature ,  +200°F (93"C), and -300°F (-184"C), 
r e s p e c t i v e l y .  S imi l a r  va lues  were obtained when t h e  primer was d i l u t e d  
50 pe rcen t  and 100 percent  wi th  methyl e t h y l  ke tone  W K ) .  E s s e n t i a l l y  
similar va lues  were ob ta ined  when t h e  3901 primer was used wi th  t h e  Narmco 
7343 polyurethane system. When t h e  7343 system was used wi th  Dow 2-6020 
pr imer  t h e  r e s u l t s  were: 1434, p s i ,  1004 p s i ,  9048 p s i ,  a t  room temperature  



(R .T . ) , +200°F (93"C), and -300°F (-184"C), r e s p e c t i v e l y .  Since both the  
3901 and t h e  2-6020 s e r i e s ,  p a r t i c u l a r l y  t h e  former,  gave much lower s t r e n g t h s  
than  customari ly  obtained with s i l a n e  primer systems, t h e s e  t e s t s  a r e  being 
r epea t ed .  

B .  Development and Evaluat ion of pot tin^ Compounds and Conformal Coatings 

Continued e f f o r t  has been d i r e c t e d  toward development of spec i a l i zed  
polymeric ma te r i a l s  f o r  encapsula t ion  of e l e c t r o n i c  hardware. 

1. Development of Epoxysiloxane Embedment Ma te r i a l s  

Continued emphasis has been placed on more e f f i c i e n t  syn thes i s  
procedures f o r  s i loxane-conta in ing  diepoxides s o  t h a t  l a r g e  q u a n t i t i e s  of 
polymers can be produced from these  in te rmedia tes  f o r  comprehensive eva lua t ion  
One of t h e  c r i t i c a l  in te rmedia tes  i n  t h i s  syn thes i s  i s  p-allylphenyldimethy1.- 
s i l a n o l .  S tudies  have been underway t o  determine t h e  e f f i c i e n c y  of conversion 
of  2-allylphenyldimethylchlorosilane ( I )  t o  1-allylphenyldimethylsilano1 (11) 
through hydro lys is  of E-allylphenyldimethylaminodimethylsilane (111).  Gas 
chromatographic ana lyses  of t h e  hydro lysa tes  of (111) i nd ica t ed  t h a t  20-25 
percent  of t h e  des i r ed  s i l a n o l  (11) had formed. The formation of (11) appears 
t o  proceed s l i g h t l y  more e f f i c i e n t l y  a t  0°C (32°F) than a t  room temperature.  
However, t h i s  procedure has no t  proved a s  e f f i c i e n t  as  t he  o r i g i n a l  process  
involv ing  cleavage of t h e  d i n e r ,  1,3-bis-(2-allylpheny1)tetramethyldisiloxane. 
Future  e f f o r t s  w i l l  involve opt imiza t ion  of t h e  r e a c t i o n  condi t ions  employed 
i n  t h e  s i l oxane  cleavage technique.  

2 .  Development of Conformal Coating Mate r i a l s  

Fur ther  work on t h e  polybutadiene modified ure thane  coa t ing  has 
been de fe r r ed  pending r e c e i p t  of t h e  s a t u r a t e d ,  hydroxy-terminated polybutadie 
from General T i r e  and Rubber Company. 

The s i lphenylenes i loxane  polymer i s  being developed a s  a  conformal 
coa t ing  f o r  app l i ca t ions  a t  temperatures above t h e  c a p a b i l i t i e s  of ure thanes  
(>15OoC (302°F)).  Various at tempts  have been made t o  i nco rpora t e  i n t o  t h e  
s i l pheny lene  polymer formulat ions var ious  s i l a n e  coupling agents  which conta i r  
o l e f i n ,  amine, o r  epoxy func t iona l  groups. The t r e a t e d  formulat ions d id  no t  
r e s u l t  i n  s i g n i f i c a n t l y  increased  adhesion when t e s t e d  wi th  epoxy-f iberglass  
s u b s t r a t e s ;  however, t h e s e  coupling agents w i l l  a l s o  be  evaluated a s  primers 
f o r  t h e  f i b e r g l a s s  s u r f a c e  be fo re  t h i s  method i s  abandoned. 

3 .  Development of Ceramcc Po t t i ng  Compounds 

A l i t e r a t u r e  survey t o  acqu i r e  information r e l a t i v e  t o  t h e  s t a t e -  
o f - t h e - a r t  of ceramic p o t t i n g  compounds i s  underway and w i l l  cont inue  as  t h e  
program progresses .  The survey includes t h e  cementi t ious type  ma te r i a l s  such 
as t h e  metal phosphates,  adhesives such a s  t h e  so lub le  s i l i c a t e s ,  d e n t a l  t ype  
cements, and low mel t ing  g l a s s e s .  



Moldso£ 6-inch and 2-inch diameters  have been f a b r i c a t e d  f o r  
prepar ing  samples of ceramic p o t t i n g  compounds t o  be  used f o r  making 
e l e c t r i c a l  p roper ty  measurements. I n i t i a l  work on sample prepara t ion  and 
eva lua t ion  has been l imi t ed  t o  commercially a v a i l a b l e  cementi t ious and 
adhesive type  ceramic m a t e r i a l s .  Ma te r i a l s  evaluated t o  d a t e  were 
cha rac t e r i zed  by excess ive  shrinkage dur ing  dry ing  and cur ing .  E f f o r t s  w i l l  
b e  undertaken t o  improve the  shr inkage  of t hese  ma te r i a l s  by modi f ica t ion  
of t h e  f i l l e r  ma te r i a l s  wi th  r e s p e c t  t o  p a r t i c l e  s i z e .  Other commercial 
m a t e r i a l s  a s  we l l  a s  in-house formulat ions w i l l  be evaluated a s  t he  program 
progresses .  

C .  S t r e s s  Corrosion Studies  of 17-7 PH Actuator  Sprinvs 

S t r e s s  cor ros ion  s t u d i e s  have continued on t h e  var ious  sp r ings  used 
i n  both Moog and Hydraulic Research a c t u a t o r s .  Except f o r  specimens taken 
from t h e  clock sp r ing  (HR) which f a i l e d  i n  s e r v i c e ,  no f a i l u r e s  have occurred 
i n  any of t h e  t e s t s .  A l l  t h r e e  specimens taken from the  broken c lock  sp r ing  
f a i l e d  i n  t h e  a l t e r n a t e  immersion environmental t e s t e r  w i th in  36 hours .  
Severa l  B e l l e v i l l e  sp r ings  were found t o  be  broken i n  an S-IC LOX pre-valve 
a c t u a t o r  which had been used f o r  q u a l i f i c a t i o n  t e s t .  These sp r ings  were 
made of 17-7 PH, RH950 ma te r i a l ;  Unbroken B e l l e v i l l e  sp r ings  from t h i s  va lve ,  
f a i l e d  i n  t h e  humidity cabine t  a f t e r  11 days of exposure under very high 
stress. Addit ional  sp r ings  from t h i s  same va lve  a r e  being evaluated without  
app l i ed  s t r e s s  i n  t h e  a l t e r n a t e  immersion t e s t e r .  There have been no f a i l u r e s  
of t h e s e  sp r ings  a f t e r  90 days of exposure. 

11. Cont rac t  Research 

During t h i s  r e p o r t  per iod ,  Sa turn- re la ted  suppor t ing  research  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 t h e  con t r ac to r s  and under 
c o n t r a c t  numbers l i s t e d  below. 

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

1. Thiokol Chemical Corporat ion,  NAS8-21197, NAS8-21149 
2.  Un ive r s i t y  of F l o r i d a ,  NAS8-20247 
3 .  Peninsular  ChernResearch, Incorporated,  NAS8-5352 

B .  Development of C r y o ~ e n i c  and High Temperature I n s u l a t i o n  Mate r i a l  

Goodyear Aerospace Corporat ion,  NAS8-11747 

C .  Ana ly t i ca l  Methods Development 

Beckman Instruments ,  Incorporated,  NAS8-11510 

D .  Assessment and Evaluat ion of B l a s t  Hazards 

Edwards A i r  Force Base, Government Order H-61465 

E . Nondestruct ive Tes t ing  Techniques 

1. North American Rockwell, NAS8-20764 
2. R .  W .  Benson and Assoc ia tes ,  NAS8-20208 



111. S-I1  Stage 

A. I n v e s t i ~ a t i o n  of F a i l u r e  of S - I1  I n t e r s t a p e  Fas teners  

S t r e s s  cor ros ion  t e s t s  were continued on 7075-T6 aluminum Hy-Lok 
f a s t e n e r s  removed from t h e  "High Forces T e s t "  i n t e r s t a g e .  No f a i l u r e s  have 
occurred i n  t h e  two t e s t  panels conta in ing  35 f a s t e n e r s  a f t e r  more than  
1800 hours of exposure t o  t h e  a l t e r n a t e  immersion and 100 percent  humidity 
environments. These t e s t s  w i l l  b e  cont inued.  The f a i l e d  f a s t e n e r  from 
t h e  '%" i n t e r s t a g e  t h a t  was received December 30, 1967, was analyzed metallc 
g r a p h i c a l l y  and f r ac tog raph ica l ly .  The r e s u l t s  of both analyses  revea led  
s t r e s s  co r ros ion  cracking as  t h e  i n i t i a t i n g  f a i l u r e  mode. 

B .  Evaluat ion of Foams f o r  App l i cab i l i t y  a s  S- I1  Stage Liquid Hydrogen 
Tank I n s u l a t i o n  

Continued support  has  been provided f o r  t h e  spray foam i n s u l a t i o n  
t e s t  a t  Sacramento us ing  t h e  Douglas Thor tank.  The r e s u l t s  s o  f a r  suggest  
t h a t  properly appl ied Nopco BX-250A foam w i l l  f unc t ion  s a t i s f a c t o r i l y  and 
t h a t  s imple b u t t  j o i n t s  primed wi th  Narmco 7343 between success ive  foam 
passes  a r e  p r e f e r a b l e  t o  a second j o i n t  des ign  a l s o  evaluated on t h e  same 
t ank .  Th i s  test program has demonstrated a need f o r  improved f i e l d  r e p a i r  
techniques and some ques t ions  remain unanswered concerning t h e  ma te r i a l s  t o  
implement t h e s e  r e p a i r s .  The Nopco 249 pour foam has proved very e r r a t i c  
i n  i t s  performance. Fur ther  d i r e c t i o n  t o  t h e  c o n t r a c t o r  i s  being formulatec 
i n  t h e  af termath of meetings a t  which these  mat te rs  were d iscussed  a t  t h i s  
Center  on January 29-February 1, 1968. 

Fu r the r  i n t e r n a l  s t u d i e s  have been undertaken t o  eva lua t e  coa t ing  
s u i t a b l e  f o r  a p p l i c a t i o n  t o  spray  foam. A s e r i e s  of Nopco BX-250A spray  
foam samples were given 2 coa t s  of Narmco 7343 r e s i n s  ca ta lyzed  wi th  7 g ,  
1 5  g ,  and 20 g of 7139 per  100 g of r e s i n .  Half of t h e  samples were given 
a n  overcoa t  of Hypalon. T e s t s  s imula t ing  aerodynamic hea t ing  t o  650°F 
(343°C) whi le  being evacuated showed t h a t  t h e  Hypalon coa t ing  on a l l  samples 
bal looned o u t .  On the  samples without  t h e  Hypalon, bubbling of Narmco 
7343 was encountered and f i n a l l y  d r ipp ing  o f f  of t he  r e s i n s  took p l a c e .  
Appearance and t e s t  temperatures i nd ica t ed  t h a t  t h e  sample with 20 g of 7135 
funct ioned b e s t .  Addit ional  samples a r e  being prepared us ing  7 ,  11, 15 ,  
20, and 25 g of 7139 c a t a l y s t .  P a r t  of t h e  samples w i l l  be  coated wi th  
Dyna-Therm V-455. These t e s t s  a r e  being run  t o  ob ta in  a back-up ma te r i a l  
f o r  Chem-Seal, and a l s o  f o r  an adhesive system t o  bond previous ly  cured 
Chem-Seal/Dyna-Therm V-455 coa t ing  f o r  quick f i e l d  r e p a i r s .  

C .  Inspec t ion  o f  t h e  S-11-F/D Liquid Hydropen Tank 

Fur ther  i n spec t ion  of t h e  S-11-F/D hydrogen tank  has  been made. 
Two r i n g  frames have been removed and examined bu t  no apprec iab le  
amount of cor ros ion  was found. It has been decided t h a t  t h e  co r ros ion  t h a t  
i s  p re sen t  i n  t h e  hydrogen tank is  t o  be a r r e s t e d  by methods s i m i l a r  t o  thos 
t h a t  were used on t h e  l i q u i d  oxygen tank and performed by t h e  Manufacturing 
Engineering Laboratory. 



D .  I n v e s t i ~ a t i o n  of Cracking of 2014-T651 i n  S - I1  Stage Components 

S tudies  were completed of t h e  small  f r ac tu red  r i b  s e c t i o n  from t h e  
S - I 1  b o l t i n g  r i n g  made from t h e  -063 m a t e r i a l .  Chemical ana lys i s  v e r i f i e d  
t h e  ma te r i a l  t o  be 2014 aluminum wi th  no c o n s t i t u e n t s  ou t  of s p e c i f i c a t i o n .  
The abnormally l a r g e  g r a i n  s i z e  was preva len t  throughout t h e  r i b  s e c t i o n .  
These l a r g e  g ra ins  could be  de t r imen ta l  t o  welding p r o p e r t i e s ,  t o  impact 
p r o p e r t i e s ,  and could inc rease  s t r e s s  cor ros ion  s u s c e p t i b i l i t y .  Both 
b r i t t l e  and d u c t i l e  f r a c t u r e  c h a r a c t e r i s t i c s  w e r e  ev ident  on t h e  f r a c t u r e  
s u r f a c e .  

E .  Developmental Welding 

I n v e s t i g a t i o n s  have continued i n  an at tempt  t o  c o r r e l a t e  t h e  e f f e c t s  
of va r ious  welding energy inputs  and n a t u r a l  aging wi th  t h e  performance 
c h a r a c t e r i s t i c s  of fused j o i n t s  i n  2014-T6 aluminum. 

T h i r t y  experimental panels were prepared by u t i l i z i n g  va r i ed  and 
ind iv idua l  machine s e t t i n g s  f o r  each weldment i n  318 inch t h i c k  p l a t e  of 
aluminum a l l o y  2014-T6. P re sen t ly ,  t hese  weldments a r e  being prepared 
f o r  mechanical and me ta l lu rg i ca l  eva lua t ions .  The d a t a  obtained w i l l  be  
used t o  e s t a b l i s h  a c o r r e l a t i o n ,  i f  any between h e a t  a f f ec t ed  zone width 
and j o i n t  s t r e n g t h ;  a s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  w i l l  be  made. 

Experimental panels  of aluminum a l l o y  201446 (114 inch  p l a t e )  have 
been welded by both t h e  TIG and M I G  processes  ( f l a t  and ho r i zon ta l  p o s i t i o n s )  
u s ing  both 2319 and 4043 f i l l e r  metals wi th  two s e l e c t e d  j o i n t  con f igu ra t ions .  
The p re sen t  s t a t u s  of program i s  a s  fol lows:  

(1) Weldment mechanical p rope r t i e s  i n  both t h e  t r ansve r se  and 
l o n g i t u d i n a l  d i r e c t i o n s ,  100 percent  complete 

(2) Metal lographic s t u d i e s ,  100 percent  complete 

(3) Frac tographic  s t u d i e s ,  60 percent  complete 

(4) Hardness surveys ac ros s  t h e  welds, 100 percent  complete. 

U l t ima te ly ,  t h e  r e s u l t s  obtained from t h e s e  panels  w i l l  b e  compared t o  each 
o t h e r  ( r e s u l t s  r ep re sen t ing  each weld condi t ion)  a s  we l l  a s  t o  t h e  r e s u l t s  
ob ta ined  from experimental weldments made by t h e  pulsed a r c  MIG process .  

F .  I n v e s t i s t i o n  of F rac tu re  Toughness 

A comprehensive f r a c t u r e  toughness program r e l a t e d  t o  f r a c t u r e  
p r o p e r t i e s  of 2014-T6 aluminum a l l o y  weldments of t h e  Sa turn  S - I 1  s t a g e  
p r o p e l l a n t  tanks i s  being cont inued.  A f u l l  in-house c a p a b i l i t y  t o  perform 
f r a c t u r e  toughness eva lua t ions  is being developed. 

1. Loading g r i p s  f o r  500,000 l b .  load capac i ty  have been designed.  

2. Ma te r i a l s  (Inconel 718 - 140 k s i  minimum y i e l d )  is  being procured 
f o r  t h e  g r i p s  and p u l l  rods .  



3.  Cryostat  drawings have been modified and two c r y o s t a t s  a r e  being 
f a b r i c a t e d  t o  handle 6-inch by 26-inch specimens. 

4 .  Tes t s  i n d i c a t e  s u f f i c i e n t  f a t i g u e  load c a p a b i l i t y  t o  c rack  parent  
metal aluminum a l l o y s  up through 112 inch and g r e a t e r .  

5 .  Eloxing techniques f o r  ob ta in ing  sharp  f laws have been e s t a b l i s h e  
however, t h e  r e l a t i o n  between s t a r t e r  f law and f i n a l  f law s i z e  has no t  been 
e s t a b l i s h e d .  

6 .  Addit ional  0.250 inch  th ickness  specimens were notched t o  
vary ing  notch depths from 0.010 inch t o  0.100 inch ,  f a t i g u e  cracked a n  
equal  number of cyc l e s ,  and t e n s i l e  t e s t e d  a t  room temperature t o  provide 
d a t a  on a wide range of c rack  s i z e s  t o  2014-T6 parent  metal .  

7 .  North American-Rockwell implementation plan 67MS3722 f o r  f r a c t u r e  
toughness s t u d i e s  has  been reviewed and comments forwarded t o  t h e  program 
o f f i c e .  

G .  I n v e s t i g a t i o n  of F a i l u r e  of Rubber Doublers on S-11-504 Stape 

The s i l i c o n e  rubber doublers  on S-11-504 which f a i l e d  dur ing  a r ecen t  
cryogenic f i l l  were inspec ted  a t  Mis s i s s ipp i  T e s t  F a c i l i t y  W F )  by a 
r e p r e s e n t a t i v e  of t h i s  d i v i s i o n  i n  conjunct ion with o the r  l abo ra to ry  r ep re sen t  
t i v e s .  These doubler  f a i l u r e s  appeared t o  be  b r i t t l e  cracks randomly d i s t r i b u  
over  t h e  ho r i zon ta l  doublers .  Samples of t h e  doubler  ma te r i a l s  and adhesives 
were obtained a t  MIF and subjec ted  t o  d e t a i l e d  s tudy i n  our  l a b o r a t o r i e s  by 
t h e  usua l  phys ica l  t e s t s ,  by t h e  A.  D .  L i t t l e  b a l l  rebound t e s t  and by 
thermomechanical a n a l y s i s .  

Phys ica l  t e s t s  on two forms of t h e  doubler  ma te r i a l  showed them t o  
b e  equ iva l en t  i n  c h a r a c t e r i s t i c s .  One ma te r i a l  was t r ans lucen t  and t ex tu red  
on one s i d e  whi le  t h e  o ther  sample was opaque whi te  and tex tured  on both s i d e s  
The two rubbers  d i f f e r e d  by only 0.005-inch i n  th ickness  and had e s s e n t i a l l y  
t h e  same durometer r ead ings .  A t  -115°C (-175"F), s tandard t e n s i l e  samples 
of each rubber  d i d  not  break i n  tens ion  dur ing  t h e  5-inch t e s t  machine 
crosshead t r a v e l  t h a t  could b e  a t t a i n e d  i n  our  environmental chamber. 
A t  -12g°C (-200°F), a sample of t h e  ~ t r a n l u c e n t  ma te r i a l  f a i l e d  i n  tens ion  
a t  5,350 p s i ,  w i th in  t h e  al lowable 5 inches of machine ex tens ion .  Grip 
s l i p p a g e  d id  not  permit an e s t ima te  of t h e  e longat ion  a t  break.  These 
temperatures  bracke t  t h e  second order  t r a n s i t i o n  temperature of -120°C (-184OF 
quoted i n  a number of r e f e rence  sources 5or  t h e  b e s t  s i l i c o n e  elastomers  f o r  
low temperature s e r v i c e .  

Thermomechanical analyses  of t h e  doubler e lastomers  i n d i c a t e  t h a t  a 
change beginning a t  -40 t o  -60°C (-40 t o  -76OF) and i s  e s s e n t i a l l y  complete a t  
-125°C (-193OF) i n  t h e  case  of both doubler  ma te r i a l s .  Embritt lement is  
appa ren t ly  no t  s eve re  u n t i l  t h i s  t r a n s i t i o n  i s  complete a t  about -125OC 
(-193°F). 



A sample of adhesive removed from an a c t u a l  p i ece  of S-11-504 rubber 
doubler  w a s  a l s o  sub jec t ed  t o  thermomechanical a n a l y s i s .  I n  c o n t r a s t  t o  t h e  
gradua l  t r a n s i t i o n  observed with t h e  elastomers ,  t h e  adhesive underwent a 
sha rp ,  wel l  def ined  t r a n s i t i o n  between -45 and -65OC (-49 t o  -85OF). F lex ing  
samples of both adhesives  and t h e  doubler  ma te r i a l  t o  which one of t he  adhesives  
had been app l i ed  suggested t h a t  t h e  adhesive is  apprec iab ly  embr i t t l ed  i n  
going through t h i s  t r a n s i t i o n .  Consequently, t h e r e  seems t o  be l i t t l e  doubt 
t h a t  t h e s e  f a i l u r e s  on t h e  v e h i c l e  occurred by b r i t t l e  f r a c t u r e  of t h e  
adhes ive  when t h e  tank was pressur ized  and t h e  c rack ing  propagated through 
t h e  weak doubler  m a t e r i a l .  Based upon es t imates  of t h e  temperatures  t h a t  
could conceivably p r e v a i l  i n  t h e s e  c lo seou t  a r ea s  under adverse  ambient 
c o n d i t i o n s ,  t h i s  i n s u l a t i o n  c lo seou t  sys  tem appears  t o  be very marginal .  
E f f o r t s  are cont inu ing  t o  a s s e s s  a l t e r n a t e  schemes which can be  s u b s t i t u t e d  
wi th  minimum impact. 

H. Development of Standard Nondestruct ive Techniques f o r  In spec t ion  
of I n e r t  Gas Welds i n  t h e  S- I1  Stage 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  s t a n d a r d i z a t i o n  of nondes t ruc t ive  
technology f o r  i n e r t  gas welds of t h e  Sa turn  S - I1  s t a g e  p rope l l an t  t anks .  
The most e f f e c t i v e  techniques a r e  t o  be  optimized and d e f i n i t i v e  procedures 
t h e r e f o r e  w i l l  be e s t a b l i s h e d .  The experimental s tudy  of t h e  radiography 
of  t h e  0.392 inch th ickness  of  2014-T6 aluminum a l l o y  b u t t  welded panels  
a s  o r i g i n a l l y  planned has been completed. Analysis of t h e  d a t a  i nd i ca t ed  
t h e  d e s i r a b i l i t y  of a d d i t i o n a l  d a t a  po in t s  and t e s t s .  Exact measurements 
a r e  be ing  made of t h e  d e f e c t  i n d i c a t i o n s  a s  a func t ion  of c u r r e n t ,  k i l o v o l t s ,  
exposure t ime and ang le  of exposure.  Measurements a l s o  a r e  being made of 
X-rad ia t ion  energy l e v e l s  generated by t h e  source  f o r  each c u r r e n t - k i l o v o l t  
combination used i n  t h e s e  experiments.  Thus, a b e t t e r  understanding of 
t h e  r e l a t i o n  between f i l m  d e n s i t y ,  t i m e ,  and f i l m  q u a l i t y  a s  i nd i ca t ed  by 
d e f e c t  d e t e c t i o n  s e n s i t i v i t y  is  being developed. 

Work has  begun on t h e  u l t r a s o n i c  po r t i on  of t h i s  p r o j e c t .  The 
t h r e e  o r i g i n a l  weld panels  have been manually t e s t e d  us ing  t h e  ang le  
beam pu l se  echo technique wi th  shear  waves. Prepara t ions  a r e  being made 
t o  tes t  t h e  panels  us ing  convent ional  A-scan record ing  techniques.  Immersion 
p u l s e  echo t e s t i n g  w i th  angle  beam shear  waves w i l l  be used.  

I. I n v e s t i p a t i o n  of Nondestruct ive Techniques f o r  Composite Ma te r i a l s  

Curren t  emphasis i n  t h e  nondes t ruc t ive  i n s p e c t i o n  of composites is 
d i r e c t e d  toward t h e  development of techniques r equ i r ed  f o r  t h e  nondes t ruc t ive  
e v a l u a t i o n  of debonds and voids  i n  spray  foam-aluminum composite m a t e r i a l s  
of  t h e  type  and con f igu ra t i on  used on t h e  S- I1  s t a g e .  

To d a t e ,  t h e  most promising technique f o r  t h e  nondes t ruc t ive  
d e t e c t i o n  of debonds i n  spray  foam-aluminum composites combines t h e  f e a t u r e s  
of t h e  r e sonan t  foam coupler  method descr ibed  i n  previous r e p o r t s  wi th  an 
eddy c u r r e n t  technique.  Sonic waves a r e  coupled i n t o  t h e  composite and 
v a r i a t i o n s  i n  wave c h a r a c t e r i s t i c s  caused by debonds a r e  de t ec t ed  wi th  a 
foam coupled microphone. 
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S i n g l e  s i d e  and through t ransmiss ion  t ransducers  of t h i s  type  have 
been designed,  f a b r i c a t e d ,  and t e s t e d .  The test r e s u l t s  obtained on 
l a b o r a t o r y  panels  conta in ing  s imulated a r ea s  of debond have shown t h a t  t h e  
method p o s i t i v e l y  d e t e c t s  a r ea s  of debond. Work is  cont inu ing  t o  cha rac t e r i z t  
t h e  s e n s i t i v i t y  of t h e  method t o  debond a r e a  and d e n s i t y .  

The problem of d e t e c t i n g  voids  i n  low d e n s i t y  foam m a t e r i a l s  has  
r ece ived  l i t t l e  a t t e n t i o n  u n t i l  r e c e n t l y .  Of t h e  s e v e r a l  techniques which 
appear t o  be f e a s i b l e  f o r  t h i s  a p p l i c a t i o n ,  t h e  ones based on neut ron  
radiography,  X-ray radiography,  and microwave methods have been i n v e s t i g a t e d  
by t h i s  d i v i s i o n .  Neutron radiographs have been made of foam samples 
con ta in ing  va r ious  s i z e s  of vo ids  and t h e  method looks very  promising. 
However, t h e  equipment requi red  f o r  t h i s  technique i s  r e l a t i v e l y  complicated.  
Microwave methods have been used t o  some e x t e n t  and t h e  r e s u l t s  a r e  
encouraging bu t  t h e r e  a r e  s e v e r a l  disadvantages t o  t h i s  technique which 
have t o  be  overcome. The s imp le s t  and most s a t i s f a c t o r y  technique i n v e s t i g a t t  
t o  d a t e  employs ord inary  X-ray rad iographic  methods and equipment. Foam 
samples conta in ing  118 and 114 inch diameter  vo ids  were radiographed us ing  
low energy X-rays. The 118 inch voids  were f a i n t l y  v i s i b l e  on t h e  radiographs 
whereas t h e  114 inch voids  were very  e a s i l y  d i s c e r n i b l e .  

J. I n v e s t i g a t i o n  of Dye Pene t r an t s  f o r  Use i n  In spec t ion  of S - I1  Stage 
Hardware 

The i n v e s t i g a t i o n  has  continued i n t o  t h e  u se  of a  l i q u i d  oxygen 
s e n s i t i v e  dye pene t r an t  f o r  i n spec t ion  of t h e  S-I1 s t a g e .  North American 
Rockwell Corpora t ion ,  Space Div is ion  (NAR), s e n t  t h e  raw ma te r i a l s  f o r  
a  5 -ga l lon  batch of both t h e  PGP dye pene t ran t  and t h e  565 dye pene t r an t  
t o  t h i s  Center  (MSFC). Th i s  was done t o  determine i f  MSFC could formula te  
a  dye pene t r an t  t h a t  would b e  LOX compatible and a l s o  m e e t  t h e  f l aw  d e t e c t i o n  
requirements  of c u r r e n t  S - I1  s p e c i f i c a t i o n s .  I n  a d d i t i o n ,  s i n c e  i t  was 
apparen t  t h a t  NAR had no t  used a  sys temat ic  approach t o  determine which 
of t h e  c o n s t i t u e n t s  appeared t o  cause t h e  anomalous r e s u l t s ,  MSFC undertook 
t h e  s tudy  of  t h i s  problem. 

The pre l iminary  s tudy  cons i s t ed  of eva lua t ing  Kel-F-10 o i l s  and 
Halocarbon O i l  14-253 t h a t  had been "aged" f o r  3 yea r s .  The Halocarbon 
14-253 O i l  i n  p l a s t i c  j a r s  was h igh ly  s e n s i t i v e  whereas t h e  14-253 O i l  i n  
g l a s s  b o t t l e s  was i n s e n s i t i v e .  It i s  obvious from t h e  above r e s u l t s  t h a t  
t h e  Halocarbon O i l  was "leaching ou t "  t h e  p l a s t i c i z e r  i n  t h e  polyethylene 
b o t t l e s .  It was a l s o  noted t h a t  t h e  o i l  had separa ted  i n  two l a y e r s .  
The Kel-F-10 O i l  (packaged i n  a ' m e t a l  can)  was i n s e n s i t i v e .  

A l l  of t h e  dye pene t ran t  raw m a t e r i a l s  f o r  LOX s e n s i t i v i t y  u s i n g  t h e  
anodized d i s c  method were eva lua ted .  Af t e r  t h i s  was completed, t h e  so lven t -  
oil system (methylene c h l o r i d e ,  Freon, t r i c h l o r o e t h y l e n e ,  and Halocarbon 
14-253 O i l )  were checked f o r  LOX c o m p a t i b i l i t y .  The b a s i c  s o l v e n t - o i l  system 
m e t  t h e  requirements  of  MSFC-SPEC-lO6B. Therefore ,  two s o l u t i o n s  were made 
up, u s ing  t h e  b a s i c  PGP-26BF-3 formulat ion,  omi t t ing  t h e  0.15 pe rcen t  
Calcof luor  White RW dye. One s o l u t i o n  contained 0.6 percent  by weight  of 
F luo ro l  7GA dye and t h e  o the r  contained 0.3 percent  F luo ro l  7GA. Both 
s o l u t i o n s  were evaluated pe r  MSFC-SPEC-106B and found t o  be  i n s e n s i t i v e .  



Two o the r  s o l u t i o n s  were formulated, us ing  t h e  b a s i c  PGP-26BF-3 
formula t ion ,  omi t t i ng  t h e  F luoro l  7GA and decreas ing  t h e  amount of Calcofluor  
White t o  0.05 percent  and 0.025 percent .  The s o l u t i o n  conta in ing  t h e  0.05 
percent  Calcofluor  White was s e n s i t i v e  while  t h e  s o l u t i o n  conta in ing  t h e  
0.025 percent  Calcofluor  White was i n s e n s i t i v e .  The above d a t a  i nd ica t ed  
t h a t  t h e  c o n s t i t u e n t  causing the  t roub le  was t h e  Calcof luor  White. A dye 
pene t r an t  was formulated us ing  0.025 percent  Calcofluor  White and 0.15 
percent  F luo ro l .  Th i s  pene t ran t  was i n s e n s i t i v e .  Another s o l u t i o n  (PGP-26BF-6) 
was made up and evaluated us ing  0.025 percent  Calcof luor  and 0.30 percent  
F luo ro l  7GA. Th i s  s o l u t i o n  was a l s o  i n s e n s i t i v e .  Theref o r e ,  i t  appeared 
t h a t  PGP-26BF-6 wi th  t h e  fol lowing formulat ion would meet a l l  t h e  necessary 
requirements  f o r  t h e  S-I1 s t age :  

Halocarbon 14-253 50.175% by weight 
Tr ich loroe thylene  19.9% by weight 
Freon TF 14.8% by weight 
Methylene Chloride 14.8% by weight 
F luoro l  7GA 0.3% by weight 
Calcof luor  White RW 0.025% by weight 

Four ga l lons  of PGP-26BF-6 were formulated and checked f o r  LOX 
compa t ib i l i t y .  A l l  m e t  t h e  requirements of MSFC-SPEC-106B. Three 1-ga l lon  
c o n t a i n e r s  of t h e  ma te r i a l  were s e n t  t o  NAR. The o t h e r  ga l lon  i s  being used 
a t  MSFC t o  determine i f  the  ma te r i a l  becomes s e n s i t i v e  on ag ing ,  The r e s d t s  
of  LOX impact t e s t s  conducted on t h e  MSFC, Lot  1, B o t t l e  4 ,  PGP-26BF-6, 
i n d i c a t e s  it cont inues t o  be  LOX compatible a f t e r  1 month. 

Addit ional  formulat ions of dye penet ran ts  have been i n i t i a l l y  
eva lua ted  f o r  LOX compa t ib i l i t y  and a r e  being s tud ied  f u r t h e r  t o  determine 
i f  they  a r e  an  improvement over PGP-26BF-6. 

NAR 565 dye penet ran t  was found t o  be s e n s i t i v e .  No f u r t h e r  work is 
planned with t h i s  formula t ion .  

During t h i s  per iod a  comrnerckal dye pene t r an t ,  P-545, Shannon Luminous 
Mate r i a l s  Company, w a s  evaluated and found t o  b e  i n s e n s i t i v e .  

I n  summary, i t  appears t h a t  t h e  b a s i c  causes of t h i s  problem were 
t h r e e f o l d :  

1. NAR1s l a x i t y  i n  batch t e s t i n g  the  PGP-26BF-3 dye pene t r an t  a s  
s p e c i f i e d  i n  t h e i r  documents (MSFC-SPEC-106B) on anodized %iscs .  Th i s  
i n d i c a t e s  t h a t  t h e  problem most ' l i k e l y  developed e a r l y  int ,he PGP program. 

2 .  The Halocarbon 14-253 O i l  i s  a more viscous o i l  than  Kel-F-10; 
t h e r e f o r e ,  t h e  s o l u b i l i t y  of t h e  dyes i n  t h e  s o l v e n t - o i l  system would be  
less. 

3 .  NAR's u s ing  t h e  "shot-gun" approach t o  t h e  problem r a t h e r  than  
a  sys t ema t i c  approach. 



NAR has made up a 10-gal lon batch of PGP-26BF-6 and found i t  
i n i t i a l l y  i n s e n s i t i v e .  

S - I1  Stage,  P r o j e c t  Management, Mater ia l s  

E f f o r t s  have continued on t h e  coord ina t ion  and r e s o l u t i o n  of problem 
a r e a s  of a ma te r i a l s  n a t u r e  r e l a t e d  t o  t h e  S-I1 s t a g e .  During t h i s  r e p o r t  
per iod t h e s e  e f f o r t s  have included t h e  fol lowing:  

1. I n s u l a t i o n  

1 . 6  I n s u l a t i o n  

As a r e s u l t  of t h e  cryogenic tanking of t h e  S-11-504 
a t  m F  n e a r l y  200 rubber  doubler  c racks  were no ted .  It was observed 
t h a t  t h e s e  d e f e c t s  d i d  no t  occur  u n t i l  tank p r e s s u r i z a t i o n .  Local ized 
r e p a i r s  were e f f e c t e d  and s t a t i c  f i r i n g  conducted a s  planned. Again upon 
tank  p r e s s u r i z a t i o n  c racks  were i d e n t i f i e d  i n  t h e  rubber  doublers .  A 
h i s t o r y  survey i n d i c a t e s  t h e  rubber  doubler  m a t e r i a l ,  adhesive m a t e r i a l  
and manufacturing processes  were acceptab le  per  s p e c i f i c a t i o n .  Th i s  s t a g e  
i s  t h e  f i r s t  s t a g e  t o  be  cryogenic  loaded wi th  t h e  new purge channel 
manifolds .  S tages  -502 and -503 were modified subsequent t o  s t a t i c  f i r i n g .  
The most important  d i f f e r e n c e  i n  t h i s  s t a g e  over  -502 and -503 i s  t h e  
t h i n n e r  wal l  s t r u c t u r e .  Th i s  p r e sen t s  a 20 percent  i n c r e a s e  i n  s t r a i n  
on t h e  rubber  doubler .  Ambient weather condi t ions  a t  t h e  t i m e  of tes t  
may a l s o  be  a c o n t r i b u t i n g  f a c t o r  b u t  t h i s  remains t o  be  explored by 
l a b o r a t o r y  tests .  

Based on t h e  a v a i l a b l e  information i t  can only be  concluded 
t h a t  a con f igu ra t i on  change i s  r equ i r ed .  The s t a g e  c o n t r a c t o r  i s  c u r r e n t l y  
s tudy ing  t h e  schedule  impact f o r  changing t h e  rubber  doublers  t o  wet layups .  

b . Spray Foam I n s u l a t i o n  - No major problems have been 
encountered i n  t h e  DACO spray  foam i n s u l a t e d  test  tank .  It appears  t h a t  
t h e  problem of i n s u l a t i o n  s p a l l i n g  encountered a t  c lose-out  j o i n t s  on t h e  
e a r l i e r  tes t  tank ,  ha s  a l l  bu t  been e l imina ted  by proper j o i n t  p r epa ra t i on :  
s p a l l a t i o n  and c racks  which have occurred du r ing  t h i s  test  phase have a l l  
been t r a c e d  t o  a manufacturing d e f e c t  i n  t h e  i n s u l a t i o n .  While t h e s e  
can be  minimized i n  f l i g h t  hardware, t hey  cannot be  e l imina t ed .  There 
probably w i l l  b e  s m a l l  r e p a i r s  r equ i r ed  a f t e r  each cryogenic  p re s su re  
c y c l e  b u t  t h e s e  w i l l  be  i n s i g n i f i c a n t  when compared t o  t h e  r e p a i r  problems 
of t h e  1 . 6  i n s u l a t i o n .  Phase I1 of t h e  c u r r e n t  test  i s  t o  demonstrate  
f i e l d  r e p a i r s  on t h e  DACO tank. '  This  should commence e a r l y  i n  February.  

2 .  Bo l t s  - 
A review a t  t h i s  Center of t h e  5B-502 b o l t s  (engine t h r u s t  b o l t s )  

i n  s t a g e s  503 and subs has revea led  t h a t  each s t a g e  has  b o l t s  under t h e  100 
k s i  shea r  r e q u i r e d .  The under s t r e n g t h  b o l t s  were i d e n t i f i e d  t o  s p e c i f i c  
h e a t s  and must be r ep l aced .  



3.  Welds - 
As a r e s u l t  of t h e  cracks discovered i n  S-11-505 (which were 

missed by e a r l i e r  X-ray in spec t ion  through t h e  i n s u l a t i o n )  radiographs of 
a l l  o the r  s t a g e s  must be reeva lua ted  t o  i n s u r e  no such d e f e c t s  e x i s t .  I n  
c e r t a i n  s t ages  re-X-ray w i l l  be r equ i r ed ,  The cracks (2) found i n  -505 have 
been r e p a i r e d .  S tudies  a r e  being conducted by t h i s  Center and t h e  s t a g e  
c o n t r a c t o r  t o  develop b e t t e r  X-ray techniques t o  preclude any f u r t h e r  
i n s t ances  of t h i s  type.  

I V .  S-IVB Stage  

A. Study of Ma te r i a l s  Problems Attendant t o  t h e  S-IVB Workshop Propram 

1. Study of Flammability of Mater ia l s  

Inves t iga t ions  have continued i n  t h e  determinat ion of t h e  ea se  
of i g n i t i o n  and f lammabil i ty  of var ious  ma te r i a l s  proposed o r  considered 
f o r  u se  i n  t h e  S-IVB Workshop. 

To d a t e  approximately 1 2  ma te r i a l s  have been evaluated from t h e  
s t andpo in t  of f l a s h  p o i n t ,  f lame po in t  and a u t o i g n i t i o n  temperature.  These 
d a t a  a r e  being used t o  guide t h e  s e l e c t i o n  of m a t e r i a l s  f o r  u s e  i n  t he  
O r b i t a l  Workshop. 

During t h i s  r e p o r t  per iod ,  e i g h t  samples were evaluated f o r  
f lammabi l i ty  i n  accordance with the  provis ions of MSC-A-D-66-3A. These 
samples included var ious  elastomers  and p l a s t i c s .  I n  add i t i on ,  flame 
propagat ion r a t e s  were s tudied  f o r  f i v e  p l a s t i c s  i n  thicknesses  ranging 
from 5 t o  80 m i l s .  The p l a s t i c s  evaluated and the  minimum th ickness  a t  
which they would m e e t  t h e  0.3-inch/second requirements of MSC-A-D-66-3A, 
Revision A - Minor Exposed Mate r i a l s  a r e  a s  fo l lows:  

Penton Grea ter  than 40 m i l s  
T e n i t e  I Grea ter  than 30 m i l s  
H4001 (Black) Grea ter  than 20 m i l s  
Cycolac LT-1000 Grea ter  than  20 mils  
Grex Po lyo le f in  Grea ter  than 40 m i l s  

Addit ional  p l a s t i c s  a r e  being evaluated t o  s tudy  f u r t h e r  t h e  
e f f e c t  of th ickness  on f lammabil i ty .  It i s  obvious from t h e  above 
d a t a  t h a t  t h e  flame propagat ion r a t e  requirements f o r  minor exposed 
m a t e r i a l s  (MSC-A-D-66-3A) a r e  too l i b e r a l .  The f i r s t  d r a f t  of an MSFC 
f lammabi l i ty  s p e c i f i c a t i o n  has been w r i t t e n .  The t e n t a t i v e  requirement 
f o r  minor exposed ma te r i a l s  w i l l  be  2 incheslminute.  To d a t e  approximately 
125 m a t e r i a l s  have been evaluated f o r  flame propagation r a t e s  i n  a 6.2 p s i  
oxygen atmosphere. These d a t a  a r e  being used t o  guide t h e  s e l e c t i o n  of 
m a t e r i a l s  f o r  u se  i n  t h e  O r b i t a l  Workshop. 

Flammability t e s t s  were made i n  a i r  on Rogers Company polyurethane- 
p o l y e s t e r  foam. T h i s  m a t e r i a l  was found t o  be  se l f - ex t ingu i sh ing  i n  a i r  
when t e s t e d  per  .MSC-A-D-66-3A. 



2. Analysis of Combustion Products of Proposed S-IVB O r b i t a l  
Workshop Mater ia l s  

Ac t iv i ty  has resumed on the  ana lys i s  of combustion of s e l e c t e d  
O r b i t a l  Workshop ma te r i a l s  wi th  p a r t i c u l a r  emphasis on the  amount of n i t rogen  
d iox ide  (N02) produced per  u n i t  weight of burned i n s u l a t i o n .  Based on 
previous ana lyses ,  i t  has been ca l cu la t ed  t h a t  t h e  amount of NO2 produced 
i f  a f i r e  should occur may be  above t h e  t o x i c i t y  l i m i t s  f o r  t h e  a s t ronau t s  
i n  t h e  Workshop. The analyses  of NO2 were c a r r i e d  ou t  prev ious ly  by 
ins t rumenta l  methods and the  va lues  repor ted  were very c l c s e  t o  t h e  lower 
s e n s i t i v i t y  l i m i t s  of t h e  instrument .  Therefore,  p repara t ions  a r e  being 
made t o  ana lyze  t h e  combustion products f o r  NO2 by a wet method which w i l l  be 
much more s e n s i t i v e .  

3 .  Evaluat ion of t h e  S e n s i t i v i t y  of Mater ia l s  t o  Impact when i n  
a Gaseous Oxygen Atmosphere 

Impact t e s t s  were made on two ma te r i a l s  i n  gaseous oxygen 
(GOX) a t  50 p s i a .  The ma te r i a l s  t e s t e d  were Cycolac LT-1000 and Grex 
po lyo le f in .  An examination of t h e  d a t a  r e s u l t i n g  from these  t e s t s  revea led  
t h e  fo l lowing  : 

a .  The r e l a t i v e  r a t i n g  of ma te r i a l s  is  t h e  same i n  GOX impact 
tests a t  50 p s i a  and l i q u i d  oxygen (LOX) impact tests. 

b .  The e f f e c t  of th ickness  on impact s e n s i t i v i t y  i n  GOX 
impact t e s t s  v a r i e s  d i r e c t l y  wi th  th ickness  while  i n  LOX impact t e s t s  
t h e  r e l a t i o n s h i p  i s  gene ra l ly  an  inve r se  one. 

The d i r e c t  r e l a t i o n s h i p  of th ickness  wi th  impact s e n s i t i v i t y  
i n  GOX t e s t i n g  can be a t t r i b u t e d  t o  t he  f a c t  t h a t  t h e  th inne r  samples 
would l o s e  h e a t  t o  t h e  surrounding a r e a  f a s t e r  than t h e  t h i c k e r  samples; 
t h e r e f o r e ,  t h e  a u t o i g n i t i o n  temperature would no t  be  reached on t h e  
th inne r  samples. The inve r se  r e l a t i o n s h i p  i n  t h e  LOX impact t e s t i n g  
may be due t o  f r e e - r a d i c a l  r e a c t i o n s .  

4 .  Study of t h e  Flammability of S-IVB I n t e r n a l  I n s u l a t i o n  

I n v e s t i g a t i o n s  have continued with support  from T e s t  Laboratory 
i n t o  t h e  f lammabil i ty  hazard of covered S-IVB i n s u l a t i o n  and t o  compare 
2, 3 ,  4, and 5 m i l  aluminum f o i l .  Standard 3-foot  diameter  samples a r e  
used i n  a l l  t e s t s .  The samples ' a r e  f langed t o  a 3-foot  diameter ,  5-foot  
long t e s t t a n k .  The tank is  placed i n  a vacuum chamber, evacuated, and 
b a c k f i l l e d  with gaseous oxygen a t  a pressure  of 5 t o  5.7 p s i  choked flow. A 
f a n  i s  used t o  s imula te  t h e  oxygen v e l o c i t i e s  which w i l l  e x i s t  i n  t h e  Worksho 
A nichrome wire  i s  used t o  i g n i t e  t h e  sample. The i g n i t e r  is placed over 
t h e  damaged a r e a  118 t o  1/16 inch  away from t h e  foam. The power used f o r  
t h e  i g n i t e r  i s  20 v o l t s  a t  9 amps. 



During t h i s  r e p o r t  per iod ,  one test was made on a double  2 m i l  
aluminum cover wi th  a 12  square  inch  f law a r e a .  The sample i g n i t e d  and 
burned a t o t a l  a r e a  of 40 square  inches .  Two tests we= made us ing  3 m i l  
aluminum f o i l  coated 3-D i n s u l a t i o n .  One sample had a f law a r e a  of 13.5 
squa re  i nch  (6-inch s e m i c i r c l e  t o  b a r e  foam). The sample i g n i t e d  and 
burned approximately 30 squa re  inches t o t a l  (1.5 inches beyond o r i g i n a l  
f l aw  a r e a ) .  The second 3 m i l  sample had a f law a r e a  of 37.5 square  inches 
(10 inch  diameter  s e m i c i r c l e ) .  The sample i g n i t e d  and burned a t r i a n g u l a r  
a r e a  of 70 square  inches i n  a d d i t i o n  t o  t h e  o r i g i n a l  exposed a r e a .  The 
t o t a l  burn  a r e a  was approximately 105 square  inches .  Attempts a r e  be ing  
made t o  l o c a t e  some sc rap  S-IVB l i q u i d  hydrogen tank panels  t o  i nc rease  
t h e  f law a r e a  and determine where f law a r e a  ve r sus  burn a r e a  reaches a 
maximum. With t h e  p re sen t  3-foot  diameter  samples i t  appears  t h a t  we 
might reach  t h e  maximum f l aw  a r e a  a t  12-inch s e m i c i r c l e  before  edge 
e f f e c t s  become a f a c t o r .  A s  an a l t e r n a t i v e ,  two 3-foot  diameter  specimens 
could  be  c u t  and welded t o  g ive  a maximum burn su r f ace  of 54 inches .  

I n  a d d i t i o n  t o  t h e  above, a s tudy  was i n i t i a t e d  i n t o  t h e  e f f e c t  
of burn  a r e a  on test chamber temperature and p re s su re .  Various s i z e s  
of  foam i n s u l a t i o n  were bonded t o  t h e  b a r e  3- foot  diameter  specimen. 
The samples were i g n i t e d  and p re s su re  and temperature  were noni tored  
t o  o b t a i n  a comparison wi th  t h e o r e t i c a l  c a l c u l a t i o n s .  The d a t a  obtained 
from t h i s  program i s  being eva lua ted .  One burn test made with a 20 cubic  
inch sample (20 x 1 x 1 inch)  r e s u l t e d  i n  a maximum p re s su re  i n c r e a s e  of 1 . 5  
p s i a .  A s  f u r t h e r  tests a r e  made ana lyses  of t h e  combustion products  w i l l  
b e  made. 

B .  Eva lua t ion  of a Sea l an t  Ma te r i a l  f o r  t h e  O r b i t a l  Workshop 

A carboxy n i t r o s o  rubber  (CNR) s e a l i n g  compound i s  be ing  evaluated 
a s  a p o s s i b l e  non-combustible genera l  purpose s e a l a n t .  The ma te r i a l  
c o n s i s t s  of a CNR prepolymer s o l u t i o n  t h a t  cu re s  when mixed wi th  40 p a r t s  
pe r  hundred (pph) a sbes to s .  The 40 pph composition appears t o  have a 
working l i f e  of about 1-112 hours .  

Films of t h i s  m a t e r i a l  cured t o  a t ack - f r ee  paper - l ike  form wi th  
v i r t u a l l y  no e l a s t i c i t y  ahd very  poor t e a r  s t r eng t l l .  T r i a l  b a t c l ~ e s  u s ing  
l e s s  a sbes to s  were not  s i g n i f i c a n t l y  improved i n  t he se  r e s p e c t s  and had 
even s h o r t e r  po t  l i v e s .  

Although t h e r e  was n o t  s u f f i c i e n t  ma te r i a l  t o  make an exhaus t ive  
e v a l u a t i o n ,  it is our conclusion t h a t  t h e  phys ica l  p r o p e r t i e s  of t h i s  cured 
m a t e r i a l  w i l l  no t  be outs tandir ig .  

C. I n v e s t i g a t i o n s  of S-IVB-509 I n s u l a t i o n  Sea l  Coat 

Upon n o t i f i c a t i o n  t h a t  t h e  s e a l  coa t  i n  S-IVB-509 was s t i l l  s t i c k y  
a f t e r  t h e  normal cure  schedule ,  a t tempts  w e r e  made t o  a s c e r t a i n  t h e  
causes  of t h e  e f f e c t .  A number of tests were run us ing  va r ious  techniques .  
The tests showed t h a t  moisture  should have cured t h e  polyurethane r e s i n  eve 
i f  i n s u f f i c i e n t  o r  no c a t a l y s t  was added t o  t h e  r e s i n .  S l i g h t l y  s t i c k y  
r e s i n  samples were obtained only  by adding a high b o i l i n g  so lven t  o r  by 
p l ac ing  a p a r t i a l l y  cured r e s i n  (low c a t a l y s t  and i n s u f f i c i e n t  time f o r  
complete cure)  i n t o  water .  The exac t  cause of t h e  s t i c k y  s e a l  c o a t  has 
n o t  been a s c e r t a i n e d .  On f u r t h e r  aging,  t h e  s e a l  coa t  on 509 became f u l l y  
cured and i s  no longer  s t i c k y .  
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D .  S-IVB S t a g e ,  P r o j e c t  Mana~ement ,  M a t e r i a l s  

E f f o r t s  have cont inued on 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  of a  m a t e r i a l s  n a t u r e  r e l a t e d  t o  t h e  S-IVB s t a g e .  During t h i s  r e p o r t  
p e r i o d  t h e s e  e f f o r t s  have inc luded  t h e  fo l lowing :  

1. S t r e s s  Cor ros ion  of B e l l e v i l l e  Spr ings  

The s t a g e  c o n t r a c t o r  i s  working w i t h  t h e  s p r i n g  vendor 
on a  n o n s t r e s s  c o r r o s i o n  s u s c e p t i b l e  B e l l e v i l l e  s p r i n g  m a t e r i a l  f o r  u s e  
i n  t h e  r e g u l a t o r  o f  t h e  LOX t ank  p r e s s u r i z a t i o n  module. .Development 
t e s t i n g  w i l l  be  conducted by t h e  s p r i n g  vendor t o  e n s u r e  m a t e r i a l  
adequacy, and,  upon complet ion of t h e  t e s t s ,  t h e  s t a g e  c o n t r a c t o r  
w i l l  submit an ECP t o  charge  t o  a  new m a t e r i a l ,  probably  Incone l  718. 

2 .  S t r e s s  Cor ros ion  S u s c e p t i b l e  F i t t i n g s  of S-IVB S t a r e s  

The s t a g e  c o n t r a c t o r  h a s  j u s t  completed a  su rvey  of a l l  t u b e  
f i t t i n g s  and w i l l  document t h e s e  f i n d i n g s  t o  t h e  e f f e c t  t h a t  t h e r e  a r e  no 
stress c o r r o s i o n  s u s c e p t i b l e  t u b e  f i t t i n g s  on any of t h e  remaining S-IVB 
s t a g e s  . 

3 .  60-40 So lder  i n  LOX Vent and R e l i e f  Valves 

An ECR has  been r e l e a s e d  r e q u i r i n g  t h e  s t a g e  c o n t r a c t o r  t o  
remove t h e  l i q u i d  oxygen (LOX) incompat ib le  60-40 s o l d e r  from t h e  LOX 
v e n t  and r e l i e f  v a l v e s  of a l l  S-IVB s t a g e s  of manned f l i g h t s .  I n  a n t i c i -  
p a t i o n  o f  r e c e i v i n g  t h i s  r equ i rement ,  t h e  s t a g e  c o n t r a c t o r  has  made 
c o n s i d e r a b l e  p r o g r e s s  toward e l i m i n a t i n g  t h e  problem. 

4 .  L iqu id  Hydrogen Tank P r e s s u r a n t  D i f f u s e r  of Nylon 

The s t a g e  c o n t r a c t o r  has  j u s t  completed r e d e s i g n  and q u a l i f i -  
c a t i o n  t e s t i n g  of t h e  nylon d i f f u s e r  s l e e v e ,  w i t h  p r e s s u r e  c y c l i n g  a t  
c r y o g e n i c  and room tempera tu res  b u t  w i t h o u t  v i b r a t i o n .  The s t a g e  
c o n t r a c t o r  has  judged t h a t  t h e  s l e e v e  is  a c c e p t a b l e  f o r  f l i g h t .  A 
d e t a i l e d  r e p o r t  on t h e  development program i s  expected f o r  rev iew and 
approva l  a t  t h i s  Cen te r  d u r i n g  t h e  for thcoming r e p o r t  p e r i o d .  

O r b i t a l  Workshop M a t e r i a l s  

Developmental t e s t i n g  by t h e  s t a g e  c o n t r a c t o r  i s  
c o n t i n u i n g  t o  produce a  t echn ique  of a p p l y i n g  Alodine 407-47 t o  t h e  
f i r e  r e t a r d a n t  l i n e r  of t h e  O r b i t a l  Workshop. To be  coa ted  i s  t h e  
c y l i n d r i c a l  s e c t i o n  between s t a t i o n s  1533.907 and 1284.157; t h e  forward 
dome and t h e  common bulkhead s u r f a c e s  i n s i d e  t h e  l i q u i d  hydrogen (LH2) 
t a n k  r e q u i r e  no thermal  c o n t r o l  c o a t i n g .  



b .  F i r e  Retardant  L iner  of S-IVB-211 

The s t a g e  con t r ac to r  (MDC) d i s q u a l i f i e d  t h e  MD-19 coa t ing  
on t h e  b a s i s  of cryogenic  tests i n  t h e  3-foot  dome a t  Sacramento; t hus ,  
t h e  2-mil aluminum f o i l  f i r e  r e t a r d a n t  l i n e r  i n  S-IVB-211 was d i s q u a l i f i e d  
because i t  was dependent upon t h e  a d d i t i o n a l  f i r e - r e t a r d a n t  p r o t e c t i o n  
o f f e r e d  by t h e  MD-19 coa t ing .  The optimum s o l u t i o n  of t h e  problem appears  
t o  be  an  exchange of S-IVB-211 f o r  e i t h e r  S-IVB-209 o r  S-IVB-210. 
McDonnell Douglas Company is  i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  of making such 
a change. 

c .  Flammabili ty T e s t  Specimens Prepared by t h e  S tape  Cont rac tor  

I n s u l a t i o n  t e s t  specimens, 3 f e e t  i n  diameter ,  a r e  being 
prepared by t h e  s t a g e  c o n t r a c t o r  f o r  f lammabil i ty  t e s t i n g  by t h i s  d i v i s i o n .  
These specimens a r e  t o  be  t y p i c a l  of t h e  LH2 tank i n s u l a t i o n  wi th  f i r e  
r e t a r d a n t  l i n e r  and a thermal c o n t r o l  coa t ing .  The thermal c o n t r o l  coa t ing  
was t o  b e  MD-19; however, because of t h e  problem encountered with s p a l l i n g  
of t h e  MD-19 coa t ing  dur ing  cryogenic  t e s t i n g ,  t h e  con t r ac to r  has  been 
asked t o  change from MD-19 t o  Alodine 407-47 which i s  t h e  most promising 
cand ida t e  t o  d a t e .  Four of t h e  specimens w i l l  have a f i r e  r e t a r d a n t  l i n e r  
of 3-mil aluminum f o i l  and four  w i l l  have 5-mil aluminum f o i l .  A l l  e i g h t  
specimens w i l l  have a thermal c o n t r o l  coa t ing  of Alodine 407-47 app l i ed .  

d .  Cadmium P la t ed  F i t t i n g s  I n s i d e  the  O r b i t a l  Workshop 

Numerous cadmium p la t ed  f i t t i n g s  a r e  c u r r e n t l y  i n s t a l l e d  
i n  t h e  O r b i t a l  Workshop (OWS) a s  wel l  a s  a l l  o t h e r  S-IVB s t a g e s .  T h i s  
p r e s e n t s  an  i n t o l e r a b l e  s i t u a t i o n  because o f  t o x i c  problems c r ea t ed  by 
cadmium i n  a f i r e  and because cadmium p l a t i n g  of e l e c t r o n i c  p a r t s  may 
r e s u l t  from OWS s t o r a g e  i n  t h e  vacuum environment. McDonnell Douglas 
Company (MI3C) i s  i n v e s t i g a t i n g  t h e  problem and i s  expected t o  submit 
a recommendation f o r  c o r r e c t i v e  a c t i o n  w i t h i n  t h e  forthcoming r e p o r t  
pe r iod .  

e .  Pene t r a t i on  Sea l ing  Devices 

Two m a t e r i a l s  a r e  being t e s t e d  by t h e  s t a g e  c o n t r a c t o r  
f o r  u s e  i n  pene t r a t i on  s e a l i n g  devices  t o  reduce oxygen leakage dur ing  
h a b i t a t i o n  of t h e  o r b i t a l  workshop (OWS). These a r e  PARCO Compound No. 
1306-40 (based on General E l e c t r i c  SE-517) and STILLMAN Compound No. 
TH-1068 (based on General E l e c t r i c  SE-5401). Each of t h e s e  m a t e r i a l s  
comply wi th  Category B of MSC-A-D-66-3A, "Procedures and Requirements 
f o r  t h e  Evalua t ion  of Spacec ra f t  Nonmetallic M a t e r i a l s ; "  however, t h e  s t a g e  
c o n t r a c t o r  has  been asked t o  t e s t  carboxy n i t r o s o  rubber  t o  t h e  Category 
A requirements  of  MSC-A-D-66-3A t o  f u r t h e r  reduce t h e  problem of 
f i r e  i n  t h e  OWS. 



f . Thermal Cur t a in  Ma te r i a l s  

(1) The s t a g e  con t r ac to r  i s  cont inu ing  wi th  t h e  i n v e s t i -  
g a t i o n  of candida te  m a t e r i a l s  inc lud ing  t h e  fol lowing:  

(a) Carboxy n i t r o s o  r u b b e r l ~ e t a  c l o t h  
(b) Glass  f a b r i c  r e in fo rced  aluminum f o i l  
(c) Tef lon  coated aluminum f o i l .  

(2) I n  response t o  this  requirement ,  t h i s  d i v i s i o n  has 
suggested t h a t  t h e  c o n t r a c t o r  cons ider  aluminum shee t  f o r  t h e  thermal 
c u r t a i n .  

g .  Quick Opening Hatch 

(1) The s t a g e  c o n t r a c t o r  has  proposed t o  make t h e  qu ick  
opening ha tch  door and t h e  adapter  r i n g  of 2014-T651 aluminum. Th i s  
m a t e r i a l  i s  s u s c e p t i b l e  t o  stress co r ros ion  c rack ing  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  i n  t h e  webs of t h e s e  p a r t s .  Thus, t h i s  d i v i s i o n  has  
r equ i r ed  t h a t  t h e  door and adapter  r i n g  be sho t  peened and coated o r  p l a t ed  
a f t e r  f i n a l  machining t o  a l l e v i a t e  t h e  problem of stress co r ros ion  c rack ing .  

(2) The c o n t r a c t o r  has  proposed t o  s h o t  peen t h e  s t a t e d  
p a r t s  t o  s a t u r a t i o n  and, a s  a  f i n a l  processing s t e p ,  t o  c o a t  t h e s e  p a r t s  
wi th  Type 2 anodize per  MIL-A-8625. A review of t h i s  proposal  i s  being 
made. 

6 .  The fol lowing documents were reviewed : 

a .  MDC STM0218, "Coating, Liquid Oxygen Compatible" 

b .  ECP-2641E, "Improvement of B e l l e v i l l e  Springs and Dynamic 
S e a l s  i n  t h e  LOX Tank P r e s s u r i z a t i o n  Module" 

c .  ECP-2642E, "Improvement of Cold Helium Dump Module" 

d  . MIL-H-6875B, "Heat Treatment of S t e e l s  (A i r c r a f t  P r a c t i c e )  
Process  f o r "  

e.  MDC 1P20110, "Lubricant ,  So l id  Film, Propuls ion System 
Compatible" 

f .  MDC STP0206, "Ablative Coating System, Appl ica t ion  o f . "  



V .  F-1 Engine 

F-1 Engine,  P r o j e c t  Management, M a t e r i a l s  

F a i l u r e s  of s e v e r a l  Incone l  718 bel lows i n  c o n t r o l  l i n e s  have been 
exper ienced  a t  Rocketdyne. P r e l i m i n a r y  i n v e s t i g a t i o n s  i n d i c a t e d  some 
d e f i c i e n c i e s  i n  h e a t  t r e a t m e n t  and p r o c e s s i n g  a t  t h e  v e n d o r ' s  p l a n t ,  t h e s e  
minor d e f i c i e n c i e s  do n o t  appear  t o  have had s u f f i c i e n t  e f f e c t s  t o  c a u s e  
t h e  f a i l u r e s .  P rev ious  f a i l u r e s  of t h i s  t y p e  have occur red  due t o  e x c e s s i v e  
v i b r a t i o n s  i n  t h e s e  bel lows and i t  appears  t h a t  t h i s  may a l s o  b e  a  
c o n t r i b u t o r  t o  t h e s e  l a t e s t  f a i l u r e s .  T h i s  i n v e s t i g a t i o n  i s  c o n t i n u i n g .  

V I I  . I n s  t rument  U n i t  

A. Study of P o s s i b l e  Gas E v o l u t i o n  i n  t h e  Environmental  Cont ro l  System 

New hydrogen gas  e v o l u t i o n  tests  a r e  be ing  i n v e s t i g a t e d  by exposing 
LA141 and Avco Produc t s  co ld  p l a t e  specimens t o  i n h i b i t e d  methanol /water  
s o l u t i o n ,  i n d i v i d u a l l y  and t o g e t h e r  (but  n o t  coup led) .  The sodium benzoa te  
i n h i b i t e d  s o l u t i o n  i s  b e i n g  s t u d i e d  f o r  gas  e v o l u t i o n  and pH change.  The 
s o l u t i o n  c o n t a i n i n g  250 ppm sodium d ichromate  i s  b e i n g  s t u d i e d  f o r  gas  
e v o l u t i o n  and is  be ing  analyzed p e r i o d i c a l l y  f o r  chromate breakdown. 
T h e s e  i n h i b i t o r s  a r e  b e i n g  s t u d i e d  s e p a r a t e l y  and i n  combinat ion.  A f t e r  
63  days  o f  exposure  v e r y  l i t t l e  gas  has  been evolved i n  any of t h e  s o l u t i o n s .  
I n  b o t h  i n h i b i t e d  s o l u t i o n s  t h e r e  h a s  been a drop  i n  pH where t h e  LA141 
and Avco c o l d  p l a t e  m a t e r i a l  a r e  be ing  t e s t e d  t o g e t h e r  i n  t h e  same s o l u t i o n .  

B .  E v a l u a t i o n  of Diffusion-Bonded Tube J o i n t s  f o r  Use i n  t h e  Environmental  
C o n t r o l  System of t h e  Ins t rument  Uni t  

T u b u l a r  j o i n t s  made by s i l v e r  d i f f u s i n g  aluminum (6061) t o  s t a i n l e s s  
steel (300 s e r i e s )  were e v a l u a t e d  f o r  r e s i s t a n c e  t o  c o r r o s i o n  i n  i n h i b i t e d  
and u n i n h i b i t e d  methanol /water  s o l u t i o n .  T e s t s  have been completed i n  t h i s  
e v a l u a t i o n  by exposing specimens f o r  120 days  t o  both  u n i n h i b i t e d  and 
i n h i b i t e d  methanol /water  s o l u t i o n .  

M e t a l l u r g i c a l  examinat ion of t h e  exposed specimens r e v e a l e d :  
(1) a l l  specimens had poor bonding a t  bo th  ends o f  t h e  t a p e r e d  l a p  j o i n t s ,  
(2) no c o r r o s i o n  was r e v e a l e d  on specimens t e s t e d  i n  i n h i b i t e d  a l c o h o l /  
w a t e r  s o l u t i o n  o r  an  a l o d i n e  t r e a t e d  specimen t e s t e d  i n  b o t h  i n h i b i t e d  
and u n i n h i b i t e d  a l c o h o l / w a t e r  s o l u t i o n s ,  (3) j o i n t s  t e s t e d  i n  u n i n h i b i t e d  
a l c o h o l / w a t e r  s o l u t i o n  s u s t a i n e d  c o r r o s i o n  a t t a c k  a t  b o t h  ends o f  t h e  
t a p e r e d  l a p  j o i n t ,  and t h i s  a t t a c k  was more s e v e r e  a t  t h e  end c o n t a i n i n g  a 
small r a t i o  of s t a i n l e s s  s t e e l  t o  aluminum, (4)  t h e  c o r r o s i o n  fol lowed t h e  
z i n c a t e - c o p p e r  f l a s h  c o a t i n g  on t h e  aluminum a l l o y .  As i n  p rev ious  tests 
where aluminum and s i lver  a r e  used t o g e t h e r  i n  t h e  p resence  of a l c o h o l / w a t e r  
s o l u t i o n  a v e r y  heavy g e l a t i n o u s  mass forms a t  t h e  j u n c t i o n  of t h e  aluminum 
and s i l v e r ,  such was t h e  c a s e  i n  t h e  u n i n h i b i t e d  a l c o h o l / w a t e r  s o l u t i o n .  



V I I I .  Apol lo  T e l e s c o p e  Mount (MM) 

A. I n v e s t i g a t i o n  of Contamination and Contaminat ion Sources  

I n v e s t i g a t i o n s  have con t inued  i n  t h e  d e t e r m i n a t i o n  of p o s s i b l e  
con tamina t ion  o f  t h e  o p t i c a l  environment of t h e  ATM exper iment ,  bo th  
by d i r e c t  d e p o s i t i o n  of contaminant  m a t e r i a l s  on o p t i c a l  s u r f a c e s  and 
by d e g r a d a t i o n  o f  t h e  view a r e a  of t h e  equipment.  A l l  m a t e r i a l s  are 
t e s t e d  i n  accordance w i t h  t h e  M a t e r i a l s  P r o p e r t y  C r i t e r i a  e s t a b l i s h e d  i n  
t h e  Materials Management P lan  f o r  ATM contamina t ion .  To b e  a c c e p t a b l e ,  
a m a t e r i a l  must have a maximum r a t e  o f  weight  l o s s  d u r i n g  t empera tu re  
c y c l i n g  from 25" t o  100°C which does  n o t  exceed 0.2 pe rcen t /cm2/hr .  

The o u t g a s s i n g  c h a r a c t e r i s t i c s  of e l e v e n  m a t e r i a l s  were e v a l u a t e d  
i n  vacuum, 10'7 t o r r ,  t o  100°C, by making cont inuous  weight  l o s s  determina-  
t i o n s  and p e r i o d i c  mass scans  on each m a t e r i a l .  S i g n i f i c a n t  r e s u l t s  of t h e  
t e s t s  a r e  summarized a s  f o l l o w s :  

Chromium f l a t  b l a c k  p l a t e d  on 6061-T6 aluminum, Kem L u s t r a l  No. 
F65B2 o v e r  Cat-A-Lac No. 463-3-8 (cured a p p r o p r i a t e l y ) ,  Kem L u s t r a l  No. 
F65B2 (cured a p p r o p r i a t e l y ) ,  S e a r s  w h i t e  ny lon  n e t  No. 36K1012HY HX-1 
( s i l i c a t e s  and ZnO), 150 BL 30WH T e d l a r  f i l m  impregnated wi th  T i 0 2 ,  
Goodyear b r i d a l  Molene ny lon  and 3M Black V e l v e t  p a i n t  (cured a p p r o p r i a t e l y )  
are a c c e p t a b l e  materials f o r  u s e  on  t h e  ATM. These  m a t e r i a l s  a l l  have  
e x c e l l e n t  o u t g a s s i n g  c h a r a c t e r i s t i c s  i n  vacuum, 0.2%/cm2/hr maximum r a t e  
o f  we igh t  l o s s .  However, i t  shou ld  be  noted t h a t  t h e  p a i n t  m a t e r i a l s  
l i s t e d  are o n l y  a c c e p t a b l e  when cured a s  s t a t e d .  E f f o r t s  are b e i n g  made 
t o  d e t e r m i n e  a n  optimum c u r e  c y c l e  f o r  Kem L u s t r a l  which w i l l  have a lower 
t e m p e r a t u r e  and s h o r t e r  c y c l e .  The S e a r s  w h i t e  nylon n e t  No. 36K1012H 
was t r e a t e d  t o  remove t h e  s i z i n g  m a t e r i a l .  

The 3M Black Velve t  p a i n t  ( s t a t e d  c u r e ) ,  # e m  L u s t r a l  p a i n t  No. 
F65B2 ( s t a t e d  c u r e ) ,  and S e a r s  w h i t e  t u l l e  nylon are u n a c c e p t a b l e  based  
on Phase I tests. The Black V e l v e t  and Ken L u s t r a l  p a i n t s  a r e  marg ina l .  
These  materials may f i n d  l i m i t e d  a p p l i c a t i o n  on t h e  ATM w i t h  t h e  p r e s e n t  
c u r e  c y c l e  b u t  each s p e c i f i c  a p p l i c a t i o n  must b e  c e r t i f i e d  by t h e  ATM 
Materials Cont ro l  Board p r i o r  t o  u s e .  

E i g h t  component m a t e r i a l  test  samples were forwarded t o  B a l l  
B r o t h e r s  Research Corpora t ion ,  Boulder ,  Colorado f o r  e v a l u a t i o n  of 
t h e i r  o u t g a s s i n g  c h a r a c t e r i s t i c s  under  c o n t r a c t  NASw-1386. 

The ATM d i g i t a l  command r e c e i v e r  was r e t e s t e d  ( fo l lowing  o p e r a t i o n a l  
checkout)  t o  de te rmine  o u t g a s s i n g  c h a r a c t e r i s t i ~ s ~ a n d  t h e  test  i n d i c a t e d  t h a  
t h e  receiver was s t i l l  r e l a t i v e l y  c l e a n  a f t e r  approx imate ly  two weeks exposu 
t o  a i r .  

A second s o l a r  pane l  module was r u n .  T h i s  module was assembled 
w i t h  RTV 577 (unaccep tab le )  as a n  a d h e s i v e .  R e s u l t s  from t h i s  t e s t  a r e  
s t i l l  b e i n g  ana lyzed .  



B. Evaluat ion of D i rec t  Current  Motors f o r  Use on ATM 

Evaluat ion t e s t i n g  has continued i n  t h e  i n v e s t i g a t i o n  and develop- 
mental a c t i v i t i e s  r e l a t e d  t o  t h e  use of d i r e c t  cu r r en t  torque motors i n  
t h e  ATM systems. 

I. Mate r i a l s  a r e  being evaluated a t  extreme temperatures and 
low pressures  f o r  use  i n  d i r e c t  c u r r e n t  motors designed f o r  ope ra t ion  
i n  t h e  space environment. 

2 .  Direc t  c u r r e n t  to rque  motors w i l l  be used ex tens ive ly  on t h e  
ATM, i n  consequence t e s t s  on d . c .  to rquers  a r e  planned i n  a  thermal 
vacuum environment us ing  t h e  experience gained on previous motor t e s t s .  

The 7 f t - l b  high temperature Inland motors discussed previously 
were baked out  i n  vacuum and then t e s t e d .  However, a f t e r  running 6-1/2 
hours ,  t h e  t e s t  was stopped because of excess ive  outgassing of cadmium 
d e p o s i t s  i n  t h e  motors. The motors have s i n c e  been cleaned,  and vacuum 
t e s t i n g  of them w i l l  cont inue .  

C .  I n v e s t i g a t i o n  of ATM Bearing Lubr ica t ion  

S tudies  a r e  i n  process t o  provide l u b r i c a n t s  f o r  t h e  Apollo 
Telescope Mount system which w i l l  no t  break down o r  outgas s i g n i f i c a n t l y  
i n  t h e  environment of space .  

Outgassing due t o  t he  presence of c u t t i n g  o i l  on the  frame 
of t h e  Bendix torque  d r i v e  test system has r e s u l t e d  i n  a  de lay  i n  
t h e  t e s t i n g  of t h e  u n i t .  However, t h e  u n i t  has been degreased,  and 
reassembled f o r  vacuum t e s t i n g  . 

A u n i v e r s a l  bear ing  t e s t e r  has been designed,  f a b r i c a t e d ,  and i s  
be ing  assembled t o  t e s t ,  p r imar i ly ,  journa l  bearings (furnished by Perkin- 
Elmer f o r  u se  i n  ATM systems) ranging i n  bo re  s i z e  from 3/8 inch  t o  1-112 
inches .  Th i s  t e s t e r  has been so  designed a s  t o  enable  var ious  s i z e s  of 
j ou rna l  and b a l l  bear ings  t o  be  t e s t e d  with only minor changes i n  t h e  t e s t  
f i x t u r e .  T e s t s  on t h e  Perkin-Elmer journa l  bearings w i l l  begin a s  soon a s  a  
vacuum system becomes a v a i l a b l e .  

D .  I n v e s t i p a t i o n  of Thermal Control Ma te r i a l s  f o r  ATM 

Fourteen s e t s  of high performance mul t i l aye r  i n s u l a t i o n  samples 
have been placed i n  s t o r a g e  a t  KSC under t y p i c a l  v e h i c l e  condi t ions .  
These samples w i l l  be  inspected a f t e r  2 weeks and 4 weeks aging,  and every 
f o u r  weeks t h e r e a f t e r  f o r  a t  l e a s t  one year  of s to rage .  ,The r e f l e c t i v e  
s h i e l d s  w i l l  be  v i s u a l l y  inspected f o r  t he  presence of mois ture  and f o r  
i n d i c a t i o n  of co r ros ive  a c t i o n  on t h e  meta l l ized  p a r t  of t h e  f i l m s .  
Emiss iv i ty  and metal th ickness  d a t a  w i l l  be  determined on t h e  weathered 
r a d i a t i o n  s h i e l d s .  Data from these  examinations w i l l  be used t o  e s t a b l i s h  
t h e  n e c e s s i t y  f o r ,  and i f  r equ i r ed ,  determine the  requirements f o r  
purging and purge gas monitoring of ATM i n s u l a t i o n .  



E f f o r t s  have continued t o  eva lua t e  var ious  commercial pa in t s  a s  
thermal con t ro l  coa t ings  f o r  a p p l i c a t i o n  on Apollo Telescope Mount (ATM) 
components. As  repor ted  e a r l i e r ,  t h e  3M Company's Black Velvet  coa t ing  
No. 101-C10 is  being evaluated as  an a l t e r n a t e  thermal con t ro l  coa t ing  
f o r  Cat-A-Lac f l a t  b lack  p a i n t  No. 463-3-8. The 3M coat ing  system c o n s i s t s  
of an alkyd r e s i n  primer and t h e  101-C10 p a i n t .  The s o l a r  absorptance and 
t h e  t o t a l  normal emis s iv i ty  of t h e  101-C10 pa in t  a r e  0.96 and 0.95 r e spec t ive ly  
and i t s  outgassing p rope r t i e s  a r e  acceptab le  f o r  ATM app l i ca t ions  when 
cured a t  temperatures up t o  121°C (250°F). Addit ional  s t u d i e s  w i l l  b e  made 
t o  determine i f  t h e  outgassing of t he  p a i n t  can be maintained wi th in  
accep tab le  l e v e l s  when cured a t  lower temperatures o r  a t  room temperature.  

A t  t h e  r eques t  of As t r ion ic s  Laboratory, we a r e  i n v e s t i g a t i n g  
methods of  cu r ing  Sherwin-Williams Kem L u s t r a l  f l a t  b lack  p a i n t  No. F65B2 
t o  q u a l i f y  i t  f o r  t h e  ATM p r o j e c t .  Th i s  p a i n t  does not  have acceptab le  
outgass ing  c h a t a c t e r i s t i c s  when cured a t  room temperature;  however, t h i s  
i n v e s t i g a t i o n  has shown t h a t  i t  can be cured s a t i s f a c t o r i l y  a t  121°C 
(250°F) f o r  8  hours .  

I X  . Nuclear Vehic le  Technology 

Evalua t ion  of Lubricants  f o r  Use on a  Nuclear Powered Vehicle  

To p r o t e c t  moving p a r t s  i n  nuclear-powered space c r a f t ,  l u b r i c a n t s  
w i l l  be  r equ i r ed  which w i l l  n o t  be degraded by exposure t o  hard r a d i a t i o n .  
I n  connect ion with t h i s  requiremeIPa second s e r i e s  of t e s t s  i s  being made 
on va r ious  d r y  f i l m  l u b r i c a n t s  i r r a d i a t e d  with gamma r a d i a t i o n  t o  a  dose 
of l o8  and 1010 e rgs  per  gm carbon and t e s t e d  i n  t h e  Falex l u b r i c a t i o n  
t e s t e r .  F i f t y  specimens coated with each l u b r i c a n t  a r e  t o  be t e s t e d ,  
twenty specimens i r r a d i a t e d  t o  1 0 l o  e rgs  per  gm carbon (gammas), and t e n  
c o n t r o l  specimens. T e s t s  were completed on MLF-9 (MoS2, B i  i n  a n  AlPO4 
b inde r )  dur ing  t h i s  r e p o r t  per iod .  Tes t ing  was a l s o  s t a r t e d  on t h e  
E l e c t r o f i l m  5396 specimens. I n  genera l  a  wear l i f e  of 1 t o  2  hours is  
considered acceptab le  f o r  dry  f i l m  l u b r i c a n t s  being operated under a  
1 ,000 pound jaw load on t h e  Falex t e s t e r .  These high dosages of 
r a d i a t i o n  seem t o  have no de t r imen ta l  e f f e c t  on the  wear l i f e  of t h i s  
l u b r i c a n t .  The average wear l i f e  of t h i s  MLF-9 l u b r i c a n t  was approximately 
t h e  same a s  i n  e a r l i e r  t e s t s  a t  lower r a d i a t i o n  l e v e l s .  Tes t ing  w i l l  
cont inue .  

ADVANCED RESEARCH AM) TECHNOLOGY 

I. Cont rac t  Research 

Support ing r e sea rch  a c t i v i t i e s  have continued i n  t h e  a r eas  of technology 
and wi th  t h e  con t r ac to r s  a s  s p e c i f i e d  a s  fol lows:  

A. Polymer Development and Charac t e r i za t ion  

1. Southern Research I n s t i t u t e ,  NAS8-20190 
2. Nat ional  Bureau of Standards,  Government Order H-92120 
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1. Narmco Research and Development, NAS8-11068 
2 .  Monsanto Research Corpora t ion ,  NAS8-11371, NAS8-20402, NAS8-20406 

C .  Developmental Welding 

The Boeing Company, NAS8-20156 

D . Thermal Cont ro l  Coat ings  

The Boeing Company, NAS8-21195 

E .  P h y s i c a l  and Mechanical Meta l lu rpy  

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. S o l a r ,  D i v i s i o n  of I n t e r n a t i o n a l  H a r v e s t e r ,  I n c . ,  NAS8-21215 
2 ,  Mi t ron ,  Research and Development Corpora t ion ,  NAS8-20609 
3 .  McDonnell Douglas Corpora t ion ,  NAS8-21083 
4 .  Babcock and Wilcox Company, NAS8-21186 

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

1. Midwest Research I n s t i t u t e ,  NAS8-21165 
2.  The  Boeing Company, NAS8-21121 

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

1.  Aluminum Company of America, NAS8-20396 
2 .  Na t iona l  Bureau of S t a n d a r d s ,  GO-H2151A 
3 .  Northrop Corpora t ion ,  NAS8-20333 
4 .  Tyco L a b o r a t o r i e s ,  I n c . ,  NAS8-20297 
5 .  K a i s e r  Aluminum and C;lemical Company, NAS8-20285 
6 .  North American A v i a t i o n ,  I n c , ,  NAS8-20471 
7 .  H e r c u l e s ,  I n c . ,  NAS8-21207 

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

S tandard  Research I n s t 4 . t u t e Y  NAS8-20220 

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 M a t e r i a l s  

1. General  Dynamics C o r p o r a t i o n ,  NAS8-18024 
2. Hughes A i r c r a f t  Company, NAS8-21087 
3 .  I I T  Research I n s t i t u t e ,  NAS8-21031 

K .  1nstru.l lent  Develop ,lent 

B a t t e l l e  Memorial I n s t i t u t e ,  NAS8-11891 
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11. General  - In-House 

A. Development of H i ~ h  Temperature R e s i s t a n t  Polymers 

Continued ef  i o r t  has  been devoted t o  t ' le  develop- t~ent  of improved 
c r o s s l i n k i n g  systems and procedures  f o r  t h e  a r y l o x y s i l a n e s ,  s i l p ~ e n y l e n e -  
s i l o x a n e s ,  and polymers of r e l a t e d  s t r u c t u r e .  

S e v e r a l  s i l p h e n y l e n e s i l o x a n e  polymer formulations have been 
e v a l u a t e d  f o r  therLilal s t a b i l i t y  . T5e e s t e r  excliange c r o s s l i n k i n g  
r e a c t i o n  was u t i l i z e d  t o  c u r e  tite c a n d i d a t e  polymers.  Three  e x p e r i -  
mental  f o r m u l a t i o n s  and one comnlercial s i l i c o n e  were prepared a s  
o u t 1  ined  below: 

(1)  4- S i -  / \ -Si-0-Si-0  

i 

0 .8  gram polymer 
0 .7  gram S i  (OEt)4 
0 . 1  gram ( B U ) ~ S ~ ( O A C ) ~  

I-- 

1 .8 grams polymer 
1 . 6  g r a m  Si(OEt)4  
0.26 gram ( B u ) ~ S ~ ( O A C ) ~  

- 4 

1 . 3 4  grams poly  ner 
1 . 3  grains S i ( 0 E t )  
0 .16  gram ( B U ) ~ S ~ ? O A C ) ~  

3  

(4) General  E l e c t r i c  WTV 615 
1 . 0  gram P a r t  A 
0 . 1  gram P a r t  B 

The t h r e e  exper imenta l  polyrners were e s t i m a t e d  by p rev ious  
v i s c o s i t y  measurements t o  have ,nolecular  we igh t s  i n  excess  of 200,000. 
The commercial p roduc t  ( 4 )  was found t o  c r o s s l i n k  by a p la t inum-ca ta lyzed  
s i l i c o n  h y d r i d e  a d d i t i o n  r e a c t i o n .  The f o u r  f o r m u l a t i o n s  were cured i n t o  
25-50 m i l  f i l m s  u s i n g  a s c h e d u l e  of 1 6  hours  a t  25°C (77"F) ,  1 6  hours  a t  
60°C (140°F),  1 hour a t  120°C (248"F), and 4  h o u r s  a t  170°C (338°F).  
The f i l m s  were  t h e n  placed i n  a f o r c e d  a i r  oven a t  600°C (1112°F) f o r  
1 hour .  The t h r e e  exper imenta l  polymers were more s u s c e p t i b l e  t o  h e a t  
a g i n g  a s  t h e  e x t e n t  of -Si(CH3)20- i n c r e a s e d :  (2) > (3) > ( 1 ) .  
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Formulation (1) yellowed cons iderab ly  and l o s t  a  po r t i on  of i t s  e l a s t i c i t y  
bu t  remained s o f t  and f l e x i b l e  fol lowing t h e  hea t  exposure.  The commercial 
product  d i d  no t  d i s c o l o r  a s  badly,  but  underwent c a t a s t r o p h i c  degrada t ion  
wi th  complete l o s s  of f l e x i b i l i t y .  These prel iminary d a t a  i n d i c a t e  t h a t  
t h e  s i l pheny lene  polymers may be adapted t o  t h e  same a p p l i c a t i o n s  t h a t  a r e  
c u r r e n t l y  served by RTV s i l i c o n e s ,  whi le  r e t a i n i n g  a  cons iderab le  thermal 
s t a b i l i t y  advantage over t he se  commercial ma te r i a l s .  

A f u r t h e r  eva lua t ion  i s  being c a r r i e d  ou t  on t he  s i l i c o n  hydr ide  
c r o s s l i n k i n g  r e a c t i o n  a s  appl ied  t o  t h e  a ry loxys i l ane  polymers. It was 
e s t a b l i s h e d  t h a t  t h e  c r o s s l i n k i n g  system composed of 1 ,4-bis(dimethy1-  
s i ly1)benzene  and c h l o r o p l a t i n i c  ac id  cannot be  s u c c e s s f u l l y  processed 
t ~ g e t h e r  wi th  o l e f in -con ta in ing  a ry loxys i loxane  polymers as  a  f r eeze -d r i ed  
mix i n  t h e  i n s t ances  where t h e  o l e f i n  concent ra t ion  on t h e  polymer i s  a s  
h igh  a s  25 mole percent .  An a l t e r n a t i v e  hydr ide ,  d ipheny l s i l ane ,  was 
eva lua ted  f o r  t h i s  purpose wi th  t h e  same nega t ive  r e s u l t s .  Addit ional  
s t u d i e s  a r e  c u r r e n t l y  underway t o  determine i f  t h e  s i l i c o n  hydr ides  
can be induced t o  c r o s s l i n k  a t  e l eva t ed  temperatures (150-200°C (302°F- 
392OP)) without  t h e  a i d  of t h e  platinum c a t a l y s t ,  which would cons iderab ly  
i n c r e a s e  t h e  po t  l i f e  of t h e  po lymer /s i l i con  hydr ide  mix. 

B. Development of F luor ina ted  Adhesives 

I n v e s t i g a t i o n s  have continued i n  t h e  development of f l u o r i n a t e d  
polymers of p o t e n t i a l  use  a s  l i q u i d  oxygen compatible  adhes ives .  

An in t e rmed ia t e  i n  p repa ra t i on  of f l u o r i n a t e d  d i i socyana t e s  is  
p-diaminotetrafluorobenzene. Th i s  compound has  been prepared by succes s ive  
r e a c t i o n  of  hexafluorobenzene wi th  potassium phthal imide and hydraz ine .  
The diamine i t s e l f  i s  s u b j e c t  t o  a i r  ox ida t ion  and darkens s lowly,  a l though 
i t s  hydrochlor ide  appears s t a b l e  i n  t h e  atmosphere. Both t h e  diamine and 
t h e  diaminehydrochlor ide a r e  s u i t a b l e  f o r  phosogenation procedure y i e l d i n g  
corresponding d i i socyana t e  f o r  u se  with f l u o r i n a t e d  d i o l s  i n  polyurethane 
syn theses .  

C .  Development of Sea l an t  Ma te r i a l s  

F u r t h e r  i n v e s t i g a t i o n s  have been d i r e c t e d  toward t h e  p repa ra t i on  of 
polymers possess ing  good adhesion,  thermal s t a b i l i t y ,  and s o l v e n t  
r e s i s t a n c e  wi th  another  a t tempt  a t  t h e  syn thes i s  of a  comonomer capable  of 
p rovid ing  2 - s t y r y l  c r o s s l i n k i n g  si tes i n  t h e  backbone of a  polysi lphenylene-  
s i l o x a n e  e las tomer .  The p repa ra t i on  of  2-vinylphenylmethyl-bis(dimethy1amino)- 
s i l a n e  was at tempted through t h e  r e a c t i o n  of 2-styrylmagnesium bromide wi th  
anhydrous cadmium c h l o r i d e  t o  g ive  t h e  corresponding di-arylcadmium d e r i v a t i v e  
which i n  t u r n  was allowed t o  r e a c t  wi th  an  excess  of C13SiMe a t  -20°C. 
Di -a lky l  and di-arylcadmium d e r i v a t i v e s  have been s u c c e s s f u l l y  r eac t ed  wi th  
PC13 a t  t h i s  temperature  t o  g ive  monosubstituted d e r i v a t i v e s  exc lus ive ly .  
Work-up of  t h e  r e a c t i o n  mixture  gave a  da rk  co lored  o i l  which spontaneously 
polymerized on overn ight  s t and ing  i n  vacuo t o  a  s o l i d  which could no t  be 
d i s s o l v e d  even i n  h o t  D m .  No a d d i t i o n a l  work was devoted t o  t h i s  
s y n t h e s i s .  



I n  another  approach, t h e  prepara t ion  of aromatic pol y  (phenylene- 
oxazoles)  was inves t iga t ed  a s  a  poss ib l e  r o u t e  t o  s e a l a n t  ma te r i a l s  o r  
precursors .  The prepara t ion  of one of t h e  in te rmedia tes ,  4,4'-bis-w- 
aminoacetyl diphenyl e t h e r  d ihydrochlor ide ,  has been i n i t i a t e d  through 
t h e  F r i ede l -Cra f t s  r e a c t i o n  of ch lo roace ty l ch lo r ide  with diphenyl e t h e r  
t o  g ive  t h e  corresponding ch lo roace ty l  d e r i v a t i v e .  This  d e r i v a t i v e  can 
i n  t u r n  be  converted through t h e  Mannich r e a c t i o n  t o  t h e  des i r ed  amino- 
hydrochlor ide  d e r i v a t i v e :  

The ind ica t ed  product (11) was obtained i n  near  q u a n t i t a t i v e  y i e l d  
when t h e  P e r r i e r  modi f ica t ion  of t he  F r i ede l -Cra f t s  r e a c t i o n  was employed. 
The ac id  chloride-A1613 complex was f i r s t  formed i n  CH2C12 and then  was 
t r e a t e d  wi th  t h e  phenylether .  P u r i f i c a t i o n  of t h e  crude product has 
proved v e r y  d i f f i c u l t .  Column chromatography shows t h e  presence of a t  
l e a s t  two contaminants which cannot be  removed through s imple r e c r y s t a l l i -  
z a t i o n .  Considerable  l o s s  of  product accompanies r e c r y s t a l l i z a t i o n ,  and i t  
may b e  necessary  t o  a t tempt  t h e  d i r e c t  use  of t h e  crude product r e s u l t i n g  
from t h e  Mannich r e a c t i o n .  

A s tudy  has been i n i t i a t e d  t o  modify t h e  bas i c  pyromell i t imide 
polymer s t r u c t u r e  t o  i nco rpora t e  s i l oxane  groups of vary ing  lengths  i n  an  
e f f o r t  t o  render  t h e s e  polymers more e l a s tomer i c  o r  r e s i l i e n t  f o r  s e a l n t  
a p p l i c a t i o n s .  The in te rmedia tes  s tud ied  f o r  t h i s  purpose have been 
prepared as a  p a r t  of o t h e r  programs and have been d iscussed  i n  previous 
r e p o r t s .  These compounds a r e  represented  below: 

where x is  0, 1, o r  2, and i s  prepared by condensat ion of t h e  corresponding 
dimethylaminosilanes w i th  p-aminophenol. 

The imide polymer conta in ing  these  s  i loxane  moie t ies  is  represented  
below: 



Pre l iminary  experiments have been c a r r i e d  out  t o  prepare t h e  polyamic 
a c i d  precursor  of t h i s  polymer. The product obtained thus  , f a r  is ev iden t ly  
of low molecular weight,  wi th  l i t t l e  f i l m  forming tendency. E f f o r t s  w i l l  
be  made t o  o b t a i n  h igher  p u r i t y  monomers t o  i nc rease  t h e  molecular weight 
of t h e  amic a c i d  polymer. 

D.  Development and Evaluat ion of Me ta l l i c  Composites 

I n v e s t i g a t i o n s  a r e  cont inuing  i n  t h e  development and eva lua t ion  of 
explos ive  bonded and d i f f u s i o n  bonded m e t a l l i c  composites.  

1. Vacuum I n f i l t r a t i o n  S tudies  

Mechanical t e s t i n g  has been completed on specimens produced 
by t h e  vacuum i n f i l t r a t i o n  procedure f o r  making a magnesium-beryllium wi re  
r e in fo rced  composite. The t e s t s  show t h a t  samples f a b r i c a t e d  a t  1700°F 
(927°C) have mechanical p r o p e r t i e s  s l i g h t l y  lower than  those  f a b r i c a t e d  
a t  1475OF (802°C). The 1700°F (927OC) temperature employed was considered 
necessary  t o  i n s u r e  complete magnesium i n f i l t r a t i o n ,  s i n c e  t h e  magnesium 
f low c h a r a c t e r i s t i c s  appeared s luggish  a t  a  lower temperature.  Metallo- 
g raph ic  examination of a  c r o s s  s e c t i o n  of t h e  sample prepared a t  1700°F (927°C) 
revea led  a  complete continuous magnesium network around t h e  bery l l ium wi re s .  
A sample f a b r i c a t e d  a t  1475OF (802°C) upon examination was found t o  have a  
few vo ids .  During t h e  next  r e p o r t  per iod ,  a d d i t i o n a l  specimens w i l l  be 
f a b r i c a t e d ;  however, they  w i l l  be  subjec ted  t o  h e a t  t reatment  with an 
i n c r e a s e  i n  mechanical p rope r t i e s  expected. 

2. I n v e s t i g a t i o n  of Explosive Bonding Techniques 

Three high p u r i t y  meta ls ,  n i c k e l ,  copper,  and aluminum were 
exp los ive ly  bonded t o  h igh  p u r i t y  niobium. These t e s t s  w e r e  performed 
i n  o r d e r  t o  s tudy  i n t e r f a c e  r e a c t i o n  r e l a t i v e  t o  d i f f u s i o n  c h a r a c t e r i s t i c s .  
A second s e r i e s  of explos ive  bonding t e s t s  was t o  develop techniques f o r  
forming mul t i l aye r  aluminum s h e e t  laminates  r e in fo rced  wi th  0.009 inch 
diameter  s tee1 (NS355 s t a i n l e s s )  wi re .  The laminate  i n  ques t ion  cons i s t ed  
of f o u r  aluminum s h e e t s  (0.032 inch  3003 aluminum) and t h r e e  a l t e r n a t e  
l a y e r s  of s t e e l  wi res  placed on each s i d e  of a  cen te r  support  mandri l .  
Without s e p a r a t i n g  t . l e  ind iv idua l  s e c t i o n s  from the  mandri l ,  t he  specimen 
was then subjec ted  t o  t he  requi red  explos ive  f o r c e s .  However, only one 
s i d e  of t h e  mandril  was succes s fu l ly  bonded i n d i c a t i n g  i n s u f f i c i e n t  
pene t r a t ion  due t o  l ack  of impact pressure .  Two a d d i t i o n a l  specimens were 

prepared a s  before ,  t h i s  time t h e  ind iv idua l  s i d e s  were separated and 
bonded i n d i v i d u a l l y .  S a t i s f a c t o r y  bonds were obtained i n  a l l  four  t e s t s .  



However, it was determined t h a t  a g r e a t e r  assurance of ob ta in ing  a good 
bond could be  r e a l i z e d  through t h e  use  of a b u f f e r  p l a t e  between t h e  
explos ive  charge and t h e  top  metal s h e e t  i n  t h e  composite. 

3 .  Development of Di f fus ion  Bonding Techniques 

Three d i f f e r e n t  d i f f u s i o n  bonded samples of 3003 aluminum a l l o y  
were submitted f o r  metal lographic examination. These samples were i d e n t i f i e d  
a s  3 ,  4 ,  and 5. Sample 3 was  prepared by bonding f o r  20 minutes a t  a tempers 
t u r e  of 900°F (482"C), sample 4 was bonded f o r  20 minutes a t  930°F (49g°C), 
and sample 5 w a s  bonded f o r  1 0  minutes a t  930°F (499°C). A bonding pressure  
of 10,000 p s i  was appl ied  on a l l  t h r e e  specimens. Metal lographic examinatior 
a t  500X revea led  a continuous me ta l lu rg i ca l  bond throughout t he  e n t i r e  bond 
a r e a  on a l l  above specimens . 

E. I n v e s t i p a t i o n  of S t r e s s  Corrosion C h a r a c t e r i s t i c s  of Various Alloys 

The i n i t i a l  phase of a program t o  determine t h e  threshold  s t r e s s  
l e v e l  i n  t h e  s h o r t  t r a n s v e r s e  and long t r a n s v e r s e  g r a i n  d i r e c t i o n  of a l l o y  
7001-T75 has been terminated a f t e r  90 days of exposure. T e s t  r e s u l t s  
i n d i c a t e  t h a t  t h e  threshold  s t r e s s  l e v e l  f o r  t h e  s h o r t  t r a n s v e r s e  is  below 2' 
k s i  (37 percent  of y i e l d  s t r e n g t h )  and 60 k s i  (70 percent  of t h e  y i e l d  
s t r e n g t h )  f o r  t h e  long t r ansve r se .  Addit ional  t e s t s  w i l l  be made t o  
a c c u r a t e l y  a s c e r t a i n  t h e  threshold  l e v e l .  There have been no f a i l u r e s  i n  
tests of t h i s  a l l o y  conducted i n  s y n t h e t i c  s e a  water  a f t e r  170 days of 
exposure. 

The long-term exposure t e s t  of 7039-T61 and -T64 aluminum a l l o y  
i n  t h e  l o c a l  atmosphere is cont inuing.  There  has been no change i n  t h e  
test r e s u l t s  s i n c e  t h e  June r e p o r t .  The atmospheric t e s t  has been i n  
progress  22 months and w i l l  be  terminated a t  the  end of 24 months. 

Inves t iga t ions  a r e  i n  progress  t o  eva lua t e  t h e  stress co r ros ion  
s u s c e p t i b i l i t y  of aluminum v e h i c l e  components under semi-control led 
cond i t i ons .  Bare and chromic ac id  anodized round t e n s i l e  specimens of 
2014-T6, 2024-T4, 7075-T6, and 7079-T651 were exposed t o  i n s i d e  and 
o u t s i d e  atmosphere. F a i l u r e s  t o  d a t e  have been confined t o  t h e  o u t s i d e  
atmosphere i n  a l l  a l l o y s  wi th  t h e  most r ecen t  being i n  t h e  7075-T6 
(anodized) a f  t e r  274 days of exposure. Th i s  t e s t  has been i n  progress  
approximately n ine  months. 

Specimens of aluminum a l l o y s  X2021 and X7007 have been s t r e s s 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  and exposed 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  atmosphere. Both a l l o y s  were found t o  be  s u s c e p t i b l e  i n  
t h e  a l t e r n a t e  immersion t e s t e r  a s  prev ious ly  r epo r t ed .  T e s t s  i n  t h e  
atmosphere have been i n  progress  23 months, and t h e  only f a i l u r e s  encounterec 
were X7007-TE136 specimens i n  t he  s h o r t  t r ansve r se  d i r e c t i o n  a t  loads a s  low 
a s  10  k s i .  These t e s t s  w i l l  be terminated a t  t he  end of 24 months. 



Round threaded end t e n s i l e  specimens of 2014-T6 (shor t  t r a n s v e r s e ) ,  
2024-T4 ( sho r t  t r a n s v e r s e  and l o n g i t u d i n a l ) ,  2219-T37 ( sho r t  t r ansve r se  
and l o n g i t u d i n a l ) ,  and 7079-T651 long t r ansve r se  were t o  be  s tud ied  f o r  
s t r e s s  cor ros ion  s u s c e p t i b i l i t y  by changing t h e  water i n  t he  tanks p e r i o d i c a l l y ,  
b u t  f a i l u r e  of t h e  specimens was s o  r ap id  wi th  t h e  except ion  of 7079-T651 
t h a t  another  approach will .  be i nves t iga t ed .  The t e s t i n g  i n  s y n t h e t i c  s e a  
water w i l l  b e  cont inued.  

The s t r e s s  cor ros ion  s u s c e p t i b i l i t y  t e s t  of aluminum a l l o y  7178-T651 
has been terminated a f t e r  90 days of exposure i n  3.5 percent  sodium c h l o r i d e  
s o l u t i o n  and s y n t h e t i c  s e a  water .  Round threaded-end t e n s i l e  specimens 
s t r e s s e d  i n  t h e  long i tud ina l  and long t r ansve r se  g r a i n  d i r e c t i o n  t o  50 k s i  
(75 percent  of t h e  y i e l d  s t r e n g t h ) ,  and C-rings 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  
d i r e c t i o n  t o  30 k s i  (45 percent )  and 25 k s i  (40 percent  of t h e  y i e l d  
s t r e n g t h )  were r e s i s t a n t  t o  stress cor ros ion  cracking  a t  t h e s e  s t r e s s  l e v e l s  
i n  t h e  r e g u l a r  a l t e r n a t e  immersion t e s t e r  and i n  t h e  s y n t h e t i c  s e a  water .  

S tud ie s  a r e  cont inuing i n t o  t h e  s t r e s s  cor ros ion  s u s c e p t i b i l i t y  of 
Ti-6A1-4V a l l o y  i n  var ious  f l u i d s .  No f a i l u r e s  have occurred i n  any of t h e  
f l u i d s  except  methyl a lcohol .  F a i l u r e s  a r e  s t i l l  occurr ing  i n  t h e  o r i g i n a l  
f l a t  specimens (no s h o t  peening) .  The most r e c e n t  f a i l u r e  was i n  rt specimen 
i n  t h e  annealed cond i t i on  s t r e s s e d  t o  50 percent  of t h e  y i e l d  s t r e n g t h  
which f a i l e d  a f t e r  one year  of exposure i n  abso lu t e  methyl a l coho l .  

I n i t i a l  t e s t s  t o  eva lua t e  t h e  s t r e s s  cor ros ion  s u s c e p t i b i l i t y  of A l m a r  
362, PH15-7Mo, 17-4PH, 17-7PH, and PH14-8Mo ( a i r  melt  and vacuum mel t )  have 
been terminated.  Evalua t ion  of t h e  r e s u l t s  showsthat t h e  s t r e s s  l e v e l s  used 
were too  h igh  t o  p r e d i c t  th reshold  s t r e s s  l e v e l s  f o r  both 17-7PH and 
PH15-7Mo s h e e t  and ba r  s tock .  Addit ional  tests have been planned and 
f l a t  specimens a r e  now being c u t  t o  t he  des i r ed  s t r e s s  l e v e l  l eng ths .  F l a t  
t e n s i l e  specimens of 17-7PH s t e e l  i n  t h e  CH900 condi t ion  were loaded t o  
50, 75, and 90 percent  of t h e  y i e l d  s t r e n g t h  i n  both the  long i tud ina l  and 
t r a n s v e r s e  g r a i n  d i r e c t i o n  and exposed i n  t h e  a l t e r n a t e  immersion t e s t e r .  
There  have been no f a i l u r e s  a f t e r  111 days of exposure. 

Welded and aged (20 hours a t  790°F (42k°C)) ARDE low s i l i c o n  301 
s t a i n l e s s  steel cryogenica l ly  s t r e t c h e d  t o  a nominal 252.6 k s i  i s  being 
t e s t e d  f o r  s t r e s s  co r ros ion  s u s c e p t i b i l i t y .  Longitudinal  specimens 
s t r e s s e d  t o  75 percent  (190 k s i )  and 90 percent  (228 k s i )  of t h e  y i e l d  
s t r e n g t h  have been exposed i n  t h e  a l t e r n a t e  immersion t e s t e r  f o r  170 days 
without  f a i l u r e .  

Round t e n s i l e  specimens made from 114-inch diameter  music w i re  
s p r i n g  ma te r i a l  were s t r e s s e d  i n  t h e  long i tud ina l  d i r e c t i o n  t o  70 percent  
of i t s  y i e l d  s t r e n g t h  and exposed i n  t h e  a l t e r n a t e  immersion t e s t e r ,  humidity 
c a b i n e t ,  o u t s i d e  atmosphere, and semi-control led atmosphere. There have been 
no f a i l u r e s  of specimens exposed t o  any of t h e  environments a f t e r  75 days of 
exposure. 



F. I n v e s t i g a t i o n  of S t r e s s  Corrosion Induced Property Changes i n  Metals 

S t r e s s  cor ros ion  cracking of h igh  s t r e n g t h  a l l o y s  is a major problem 
i n  t h e  aerospace indus t ry  and wi th  Sa turn  components i n  p a r t i c u l a r .  A cu r r en t  
in-house program involves t h e  nondes t ruc t ive  measurement of changes i n  
ma te r i a l s  p rope r t i e s  caused by s t r e s s  cor ros ion .  

Current  work i n  t h i s  a r e a  includes both nondes t ruc t ive  and d e s t r u c t i v e  
eva lua t ions  of aluminum specimens previously exposed t o  a co r ros ive  envirorr  
ment. Measurements a r e  being made on 7075-T6 f l a t  specimens and 7075-T6, 
2219-T81, and 2219-T31 round t e n s i l e  specimens. The NDT techniques being 
appl ied  inc lude  u l t r a s o n i c ,  eddy-current and i n t e r n a l  f r i c t i o n  measurements. 
The d e s t r u c t i v e  tests a r e  being made i n  a s a t i s f a c t o r y  manner and a d e t a i l e d  
r e p o r t  w i l l  be  made when s u f f i c i e n t  d a t a  a r e  a v a i l a b l e .  

Analysis  of Retro Rocket Exhaust Products 

The purpose of t h i s  program i s  t o  determine t h e  composition of type  
TPE-240-2 rocke t  motor exhaust products and t o  eva lua t e  t h e  exhaust products 
a s  a p o t e n t i a l  contamination source  t o  thermal con t ro l  coa t ings .  Analysis 
of exhaust  gases from t h e  f i r s t  f i r i n g  has shown a l a r g e  amount of SO2 
(11 pe rcen t ) ,  smal le r  q u a n t i t i e s  of C ,  C02, H2 and a t r a c e  of HC1. Mass 
spec t rographic  scans show a ma te r i a l  with a molecular weight of approximately 
120. 

Two more rocke t  motors have been f i r e d  t o  o b t a i n  gas samples f o r  
f u r t h e r  a n a l y s i s .  No thermal c o n t r o l  coa t ings  were used i n  t h e s e  f i r i n g s .  
The t e s t  chamber was evacuated t o  5 X l o m 5  t o r r  with two mechanical pumps, 
a blower and a 10-inch d i f f u s i o n  pump. A l l  pumps were valved o f f  p r i o r  
t o  f i r i n g  t o  prevent  contamination of t he  blower and d i f f u s i o n  pump. Three 
gas sampling devices  were used, a hazardous gas ana lyzer  (HGA), and two 
s t a i n l e s s  s t e e l  bombs and a s t a i n l e s s  s t e e l  c o i l  cooled wi th  LN2. The 
HGA w a s  r u n  f o r  15 minutes a f t e r  f i r i n g  and the  bombs were opened f o r  30 
seconds a f t e r  f i r i n g .  A mechanical forepump was used t o  pump exhaust productr 
through t h e  c o i l  f o r  one hour a f t e r  f i r i n g .  The f i n a l  exhaust gas p re s su re  
w a s  g r e a t e r  than  1,000 microns. Two thermocouples loca ted  180" a p a r t  on 
t h e  chamber wa l l ,  twelve inches lower than t h e  rocke t  nozzle ,  de t ec t ed  a 
temperature of  150°C (302°F) 0.5 seconds a f t e r  i g n i t i o n .  Following t h e  
c o l l e c t i o n  of gas samples t h e  remaining exhaust gases  were pumped from 
t h e  t e s t  chamber. The chamber was then cleaned immediately t o  prevent  
co r ros ion  by t h e  formation of su l fureous  ac id  from r e s i d u a l  SO2 and moisture 
i n  t h e  a i r .  Evaluat ion of t hese  t e s t s  w i l l  be completed be fo re  another  
f i r i n g  i s  scheduled . 

H. Development and Evaluat ion 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 

E f f o r t s  have continued t o  i n v e s t i g a t e  t h e  Boeing developed brush 
m a t e r i a l  f o r  space  a p p l i c a t i o n s .  A l l  ma te r i a l s  t o  d u p l i c a t e  t h e  Boeing 
brush composite have been rece ived .  It should be  noted t h a t  t h e  metal 
powders, which have t h e  same nominal p a r t i c l e  s i z e ,  a r e  n o t  known t o  be 
i d e n t i c a l  t o  t h e  Boeing metal powders as t h e  source  of t h e  material w a s  no t  

6 3 



given.  A sample d u p l i c a t i n g  t h e  Boeing brush ma te r i a l  i n  both process  and 
m a t e r i a l s  has been f a b r i c a t e d .  The f r a c t i o n a l  d e n s i t y  ( ac tua l  d e n s i t y /  
t h e o r e t i c a l  d e n s i t y )  of t h i s  sample w a s  0.937 a s  compared t o  a f r a c t i o n a l  
d e n s i t y  of 0.960 f o r  t h e  Boeing suppl ied brush ma te r i a l .  Samples of t h i s  
m a t e r i a l  w i l l  be  evaluated and compared wi th  t h e  Boeing m a t e r i a l .  The 
m a t e r i a l  a l s o  w i l l  be examined by X-ray d i f f r a c t i o n  t o  determine q u a l i t a t i v e  
agreement i n  c r y s t a l l o g r a p h i c  s t r u c t u r e  with t h e  Boeing m a t e r i a l .  

The i n v e s t i g a t i o n  of t h e  composite ma te r i a l s  system used i n  t h e  Boeing 
process  is  a l s o  cont inu ing  . Compositions near  t h e  Boeing composit ion  a r e  
prepared t o  determine t h e  e f f e c t  of small  compositional changes on t h e  
brush performance c h a r a c t e r i s t i c s .  

Severa l  brush composites have been t e s t e d  i n  a gaseous n i t rogen  
atmosphere wi th  a c u r r e n t  flow of 2 amperes. The r e s u l t s  of t hese  t e s t s  
and t h e  composites evaluated a r e  a s  shown below: 

Average Wear Rate Seebeck Micro- 
Brush Mate r i a l  

Boeing p r o p r i e t a r y  composition 

1 0 l o  inches Trave l  Coefficient v o l t s ,  O C 
Before Test After Tes t 

prepared by The ~arborondum Co. 28.4 38.0 36.0 

5-15 - Boeing p r o p r i e t a r y  composition 
prepared by NASA 27.0 

C-58 - 90 MoS2, 5% Ta, 5% g r a p h i t e  f i b e r  3813.6 16.6 16.0 

I. Development of Low Densi ty Ceramic Foams 

Work has continued i n  t h e  development of l igh tweight  ceramic foams 
by expanding sodium s i l i c a t e  R e f r a s i l  f i b e r s  which r e i n f o r c e  t h e  foam 
s t r u c t u r e .  E f f o r t s  t h i s  month were d i r e c t e d  pr imar i ly  toward improving 
t h e  water  r e s i s t a n c e  of t h e  foams. Although these  foams con ta in  p r imar i ly  
c lo sed  c e l l s ,  they w i l l  degrade when exposed t o  water .  A sample of t h e  
s tandard  sodium s i l i c a t e - R e f r a s i l  foam was destroyed completely when 
immersed i n  water  f o r  48 hours .  The method being i n v e s t i g a t e d  f o r  improving 
t h e  water  r e s i s t a n c e  of t he  foam has been t o  add p a r t i c u l a t e  ma te r i a l s  t o  t h e  
foam mix j u s t  be fo re  t h e  foaming process .  Mater ia l s  i nves t iga t ed  inc lude  
calcium carbonate ,  calcium ch lo r ide ,  magnesium carbonate ,  magnesium oxide,  
l i t h i u m  carbonate ,  z inc  oxide,  and bo r i c  a c i d .  Of these  ma te r i a l s ,  
magnesium oxide was the  most e f f e c t i v e  i n  improving t h e  water  r e s i s t a n c e  
of t h e  foam. A foam prepared us ing  3 grams of magnesium oxide per  100 
mill i l i ters of sodium s i l i c a t e  showed only s l i g h t  degradat ion a f t e r  72 hours 
of water  immersion. The small  amount of magnesium oxide a d d i t i o n  had very  

l i t t l e  e f f e c t  on t h e  d e n s i t y  of t h e  foam. Other methods w i l l  be 
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investigated to improve the water resistance of the foams. One method which 
will be investigated is to slightly gel the sodium silicate before foaming. 

J. Developmental Welding 

Activities have continued in the evaluation of the weldability of 
aluminum alloys X2021 and X7007. The repair portion of the program was 
completed for all alloy-thickness combinations through two repeated repairs 
of the same area. Presently, repair joint configurations are being 
prepared for the third repeated repair in weldments of 112 inch thick 
aluminum alloys X2021 and X7007. The first repair weldments in 1/16 
inch thick aluminum alloy X7007 and 118 inch thick aluminum alloy X2021 
were inspected radiographically and graded per MSFC-SPEC-259A. Acceptable 
repair weldments were selected for the determination of single repair 
mechanical properties. Subsequently, the mechanical properties will be 
determined for experimental panels containing as many as five repeated 
repairs on the same area. 

The evaluation of the weldability of titanium alloys Ti-6A1-4V 
and Ti-5A1-2.5Sn has continued. Two stainless steel tanks were fabricated 
during this report period. The tanks will be used as baths for cleaning 
of the titanium panels prior to welding. Panels of 112 inch thick Ti-5A1-2.5Sn 
have been submitted for chemical cleaning, 

K. Investigation of Electropolishing Procedures 

Tests were conducted to determine the corrosion resistance, if any, 
of electropolished steel in both a high humidity and a laboratory (plating 
lab) environment. Specimens of 4130 and 1010 steel were electropolished 
and subjected to both the environments along with unpolished but freshly 
sanded specimens included for comparison. After six hours in the high 
humidity environment, the untreated (not electropolished) specimens showed 
a light film of rust (the 4130 panels showed slightly more rust than the 
1010 panels). At this point, neither of the electropolished alloys showed 
any rust. After 22 hours, the untreated panels were essentially covered 
with rust while the electropolished alloy of 1010 showed no rust and the 
electropolished 4130 alloy showed only a light film of rust. After 30 hours, 
the electropolished panels of alloy 1010 showed only a slight film of rust, 
and after 37 hours of exposure, this electropolished alloy showed a higher 
degree of rust, but was still fairly reflective. The untreated panels and the 
4130 electropolished panels, after 37 hours, were completely covered with 
rust. Specimens treated identically to those that were tested in high 
humidity environments are being subjected to the severe plating lab 
environment. After 25 days of exposure, the untreated specimens are 
beginning to show very slight rust, The electropolished panels have not 
shown any sign of rust to date. (No rust was visible on the untreated 
specimens until the 24th day.) 

L. Development and Evaluation of Thermal Control Coatings 

During this reporting period the properties of a thixotropic inorganic 
suspension, having the general formula of XMgLiSi4010F2, was studied as a 

possible binder or a candidate for a highly stable thermal control coating, 
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The X d e s i g n a t i o n  i s  e i t h e r  sodium o r  l i t h i u m .  These  c o a t i n g s  (des igna ted  
a s  KX s e r i e s )  prepared w i t h  t h e  above m a t e r i a l  have e x h i b i t e d  some e x c e l l e n t  
mechanical  and o p t i c a l  p r o p e r t i e s  which may be  some improvement over  t h e  
i n o r g a n i c  c o a t i n g s  now u s e d .  Aside from t h e  s t a n d a r d  b l a c k  and w h i t e  TCC's 
t h i s  f o r m u l a t i o n  can  be made up i n  most shades  of t h e  v i s i b l e  c o l o r  spectrum.  
The pigments used t o  d a t e  have been: 

Color  - Coat ing  Des igna t ion  Pigments 

White HXW 
HXA 
HXO 
HXGL 

Zinc Oxide 
Ant imony T r  i o x  i d e  
XMgLiSi4010F2 
1 0 p  d iamete r  g l a s s  

micro b a l l o o n s  

Black HXB Carbon Black 

Red t o  Pink HXP F e r r i c  Oxide 

Blue KXBl 
HXB 1 

Copper ph tha locyan ine  
F e r r i c  f e r r o c y a n i d e  

Specimens prepared have been exposed t o  1 8  thermal  c y c l e s  between 
140°C (284°F) and -195°C (-320°F) w i t h  no d e t e r i o r a t i o n  of i t s  o p t i c a l  
p r o p e r t i e s  and w i t h o u t  debonding on c l e a n  1 /16  inch  t h i c k  6061 aluminum 
a l l o y  p l a t e s .  T e s t i n g  w i l l  a l s o  b e  done a t  LH2 and e l e v a t e d  t empera tu res .  
The s u s p e n s i o n  h a s  been found t o  have e x c e l l e n t  f i l m  forming p r o p e r t i e s  w i t h  
t h e  a d d i t i o n  of 1 .56 p e r c e n t  sodium o r  l i t h i u m  s i l i c a t e .  The c o a t i n g  i s  
s u f f i c i e n t l y  d r y  t o  pe rmi t  h a n d l i n g  w i t h i n  t h r e e  hours  and becomes i n s o l u b l e  
i n  w a t e r  by a i r  d r y i n g  a t  room tempera tu re  f o r  24 hours  and t h e n  warming f o r  
o n e  hour  a t  65°C (150°F). The c o a t i n g  is  t h e n  s u f f i c i e n t l y  ha rd  t o  be  
c l e a n e d  w i t h  s o a p  and wate r .  

Exposure t o  W i n  vacuum i s  c u r r e n t l y  underway; however, f o r  a  1000 
e q u i v a l e n t  s u n  hour  (ESH) exposure  i t  w i l l  r e q u i r e  46 days w i t h  t h e  p r e s e n t  
s y s  t e m .  

Crude bending t e s t s  were made on s e v e r a l  o f  t h e  c o a t i n g s .  On 2-mil 
t h i c k  aluminum f o i l ,  t h e  HXW c o a t i n g  (0.3-mil t h i c k )  was found t o  w i t h s t a n d  
a bend r a d i u s  o f  approx imate ly  1 m i l l i m e t e r  w i t h o u t  f a i l u r e .  

Other  c o a t i n g s  under  e v a l u a t i o n  i n c l u d e  c o a t i n g s  produced by t h e  
3M Company under  t h e  d e s i g n a t i o n  o f :  202-A10 (White) (a = 0.23) ;  401-A10 
(White) (a  = 0.25) ; 401-B2 (Gray) (a = 0.79) ; and 401-B10 (Black) (a  = 0.91) .  
A f t e r  i r r a d i a t i o n  t o  1 . 7  x  1 0 ~ 3  e/cm2 t h e  a ' s  were found t o  b e  s t a b l e .  
I r r a d i a t i o n  w i t h  4  x  1012 ~ + / c m ~  t h e  a ' s  were found t o  b e  0.26, 0.27, and 
0 .79,  r e s p e c t i v e l y .  E m i s s i v i t y  and u l t r a  v i o l e t  radia t ion-vacuum exposure  
w i l l  b e  r u n  as soon a s  p o s s i b l e .  



Formula t ions  of t h e  HX s e r i e s  c o a t i n g s  w i l l  n o t  b e  r e l e a s e d  u n t i l  
more d a t a  a r e  o b t a i n e d .  

M. Development o f  Ceramic F i b e r  Re inforced  Composites 

Work h a s  con t inued  t o  deve lop  t echn iques  f o r  p r e p a r i n g  ceramic 
whisker  r e i n f o r c e d  drawn g l a s s  f i l a m e n t s .  The a l k a l i - f r e e ,  h i g h  l e a d  
g l a s s  p r e v i o u s l y  i n v e s t i g a t e d  was smel ted i n  a  p la t inum c r u c i b l e  a t  a  
t e m p e r a t u r e  o f  980°C (1800°F). The g l a s s  had n o t  o b t a i n e d  a homogeneous 
c o n s t i t u t i o n  a t  t h i s  t empera tu re  and i t  was concluded t h a t  t h e  A1203 
c o n t e n t  of t h e  g l a s s  was t o o  h i g h  f o r  t h e  g l a s s  t o  smelt p r o p e r l y  a t  
t h i s  t empera tu re .  A second g l a s s  a l s o  having a  Pb0-Si02B20 c o n t e n t  v e r y  
n e a r  t h e  t r i ax ia l  e u t e c t i c  b u t  w i t h  t h e  A1203 c o n t e n t  reduced from 11 t o  
5  p e r c e n t  o f  t h e  b a t c h  weight ,  was smel ted a t  970°C (1600°F) i n  a p la t inum 
c r u c i b l e .  T h i s  g l a s s  was homogeneous when quenched. The f i r s t  a t t e m p t  
t o  draw f i b e r s  from t h e  g l a s s  was s u c c e s s f u l .  The bushing d r i p p e d  g l a s s  
f r e e l y  a t  510°C (950°F). A t empera tu re  of 400°C (750°F) a l l o w s  drawing 
o f  a  f i b e r  having a n  average  d iamete r  of 60 microns .  A l a r g e  q u a n t i t y  
o f  t h i s  g l a s s  m e l t  w i l l  be  prepared s o  t h a t  t h e  drawing c o n d i t i o n s  f o r  
t h e  g l a s s  can b e  e s t a b l i s h e d  more complete ly  and a n  a t t e m p t  t o  draw 
w h i s k e r  r e i n f o r c e d  g l a s s .  

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

Surveys  o f  t h e  p e r t i n e n r  l i t e r a t u r e  have been i n i t i a t e d  and are 
c o n t i n u i n g  on t h e  f o l l o w i n g  s u b j e c t s :  

1. R a d i a t i o n  e f f e c t s  on e n g i n e e r i n g  m a t e r i a l s  
2.  Vacuum e f f e c t s  on e n g i n e e r i n g  m a t e r i a l s  
3 .  L u b r i c a n t s  and l u b r i c i t y  
4 .  High and low tempera tu re  r e s i s t a n t  polymers 
5 .  S t r e s s  c o r r o s i o n  on s t r u c t u r a l  a l k o y s  . 



D. The C-1  t h r u s t e r  engine t h a t  was e l e c t r o n  beam welded i n  suppor t  
of R-P&VE-P was succes s fu l ly  t e s t  f i r e d .  No problems of e ros ion  o r  weld 
leakage were ev ident .  Al: p re sen t ,  a second modif icat ion of t h e  engine 
i s  being planned. 

E. Three Ti-6A1-4V t i tan ium a l l o y  components were e l e c t r o n  beam 
welded. These components dup l i ca t ed  j o i n t  designs used i n  t h e  C-1  
t h r u s t e r  engine,  and w i l l  be NDT t o  at tempt  t o  dev i se  techniques t o  
determine t h e  degree of pene t ra t ion  achieved i n  e l e c t r o n  beam weldments. 
Each j o i n t  des ign  was welded a t  power s e t t i n g s  t h a t  would vary weld pene- 
t r a t i o n  i n  t h e  range of 20-100 percent .  

I V .  Spectronraphic Analyses 

One hundred and s ix ty-seven  determinat ions were made on fou r t een  
samples and ninety-seven s tandard  determinat ions were made. 

V. I n f r a r e d  Analyses 

Twenty-seven de termina t ions  were made by i n f r a r e d  techniques on a 
v a r i e t y  of m a t e r i a l s  inc luding  experimental and commercial polymers, 
i n s u l a t i n g  foams and adhesives . 

V I .  Chemical Analyses 

Determinations 

Sel-Rex p l a t i n g  s o l u t i o n s  f o r  
potassium cyanide 
potassium hydroxide 
potassium carbonate  
gold 
s i l v e r  

Methanol-water mixture f o r  sodium benzoate  
Polymer samples f o r  

carbon 
hydrogen 
s i l i c o n  
n i t rogen  
bromine 

Metal samples f o r  
carbon 
s i l i c o n  
s u l f u r  
phosphorus 
chromium 
n i c k e l  

Gas samples f o r  
n i t r o g e n  
oxygen 
he1 ium 
hydrogen 
n i t rogen  d iox ide  
carbon d iox ide  



Determinations 

Titanium f o r  
n i t rogen  
hydrogen 
oxygen 

Helium f o r  
t o t a l  hydrocarbons 
water  

V I I  . Phvsico-Chemical Analyses 

Densi ty of 
RP-1 f u e l  
sodium s i l i c a t e  s o l u t i o n  
s p e c i f i c  r e s i s t a n c e  of methanol-water 
pH of methanol-water s o l u t i o n  
molecular weight of polymers 
s a p o n i f i c a t i o n  equiva len t  

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

I t e m s  - 
molded and extruded 
cemented 
coated 
f a b r i c a t e d  

I X  . E l e c t r o p l a t i n g  and. Sur face  Treatment 

Acid cleaned 
Degreas ed 
Anodized 
Gold p l a t e d  
S a l t  sp ray  t e s t e d  

Development Shop Production 

A .  A t o t a l  of 3,942 man-hours, d i r e c t  l abor ,  was u t i l i z e d  dur ing  t h i s  
r e p o r t  per iod f o r  machining, f a b r i c a t i n g ,  and welding. 

B. One thousand and t h i r t y - t h r e e  man-hours, approximately 26 percent  
of  t h e  t o t a l  man-hours, were expended on work orders  l i s t e d  below. 

1. X-ray Astronomy Assembly Modif icat ions 

Modif icat ions a r e  complete on t h r e e  of t he  f i v e  X-ray astronomy 
assembl ies .  

2 .  GOX Impact Compression T e s t e r  

Work on t h e  GOX impact compression t e s t e r  i s  completed. 
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3 .  Flange Assembly NGTM 

Work on t h e  f l ange  assembly is  approximately 50 percent  complete. 

Bearing T e s t  Assembly 

Work on t h e  bear ing  test  assembly is approximately 33 percent  
complete.  

ATM Mock-up Components 

The ATM mock-up components a r e  complete and d e l i v e r e d .  

6 .  Water Cooling Manifold 

The water  coo l ing  manifold i s  d e l i v e r e d .  

7.  T e s t  Fix ture/S-IVB C o u p l i n ~  Sea l  

Work on t h e  S-IVB coupl ing s e a l  i s  approximately 60 percent  
complete.  

8 .  Quick Release Nut Assembly 

F a b r i c a t i o n  of t h e  quick r e l e a s e  nu t  assembly is  40 percent  
complete.  

21. Miscellaneous 

A. Inspec ted  nuc l ea r  test  tank by dye pene t r an t  t echniques .  

B .  Made 148 chromatographic ana lyses  on polymeric and gaseous m a t e r i a l s .  

C .  Eighty-nine a b s o r p t i v i t y  and emis s iv i t y  measurements were made 
on va r ious  commercial and experimental  thermal c o n t r o l  coa t ing  m a t e r i a l s .  

D. Eighty-one thermal proper ty  de te rmina t ions  were made inc lud ing  
such tests as d i f f e r e n t i a l  thermal ana lyses ,  d i f f e r e n t i a l  scanning 
ca lo r ime t ry ,  thermal g rav ime t r i c  ana lyses ,  thermal expansion, e t c .  

E. F i f t e e n  m a t e r i a l s  were eva lua ted  f o r  s e n s i t i v i t y  when i n  c o n t a c t  
wi th  l i q u i d  oxygen i n  accordance wi th  t h e  requirements of  MSFC-SPEC-106B. 

F. F i f t y  items of aluminum a l l o y  and one i t e m  of Inconel  X w e r e  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 .  

XII. Publications 

A. Pa t t e r son ,  W .  J . :  Development of Siloxane-Containing Epoxy Polymers 
f o r  E l e c t r i c a l  Embedment Appl ica t ions ,  NASA TM X-53698, January 26, 1968. 
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B.  M a t e r i a l s  D i v i s i o n :  1966 and 1967 P u b l i c a t i o n s ,  NASA TM X-53702, 
January 31, 1968. 
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SATURN IB 

I. S-IB Stage 

A. H- 1 ENGINE 

1. Engines P e r f o r m  Satisfactorily D u r i n ~ A S -  204 Flight_ - - 
Review of H- 1 engine data present ly available indicates 

no problems were  encountered during the AS-204 launch. No perform- 
ance data i s  yet available; however, the S-IB stage end conditions were  
near  nominal, indicating satisfactory performance. 

2 .  Combustion Stability Tes t  P r o g r a m  Began on S-IB- 11 -- - -- 

The f i r  s t  t e s t  of a se r i e s  of five planned to investigate 
dynamic combustion stability charac ter i s t ics  of the H- 1 engine in the 
S-IB flight stage was completed. No propulsion sys tem problems 
were  noted during the induced instability on engine position 7. Reorific- 
ing of engine position 2 a s  reported l a s t  month resul ted in a sat isfactory 
thrus t  level.  

B. Gimbal System Data F r o m  AS-204 Flight Reviewed - 

No anomalies occurred in S-IB-4 gimbal sys tem performance.  
All  pa ramete r s  were  in the same range a s  seen on previous flights. The 
maximum gimbal angle was 1.8 degrees a t  approximately 75 seconds. 



11. S-IVB Stage 

A. Engines Pe r  f o rm  Satisfactorily During AS- 204 Flight 
L -I-- 

A preliminary analysis of the J -2  engine status during AS- 
204 prelaunch and flight was completed. No holds were required dur - 
ing either CDDT or prelaunch a s  a resul t  of requirements imposed by 
the J -2  engine. Engine performance during mainstage appears to have 
been satisfactory. Data covering stage pas sivation over Carnarvon 
has not been received; however, preliminary information indicates that 
the main LOX valve and main fuel valve operation sequence was a s  
planned. Detailed evaluation of the flight data i s  in progress.  

B. Review of Gimbal System Data from AS- 204 Flight -- -- -- - 
The data showed that the gimbal system performed a s  

expected. All parameter s were in the normal range. The maximum 
gimbal angle was 1.0 degree, a t  approximately 160 seconds into the 
flight. 

C. AS-204 Solid Motor Data Reviewed 

A preliminary review of the r etro rocket data f rom flight 
AS-204 indicates no anomalies in the performance of the re t ro  motors.  
Detailed evaluation of the r etro motor data i s  presently underway. The 
data f rom the S-IVB ullage motors on AS- 204 a r e  being reviewed. 

D. ORBITAL WORKSHOP (OWS) 

1. Auxiliary Propulsion System (APS) - 

Various APS configurations were evaluated for compari- 
son with the control moment gyros for OWS attitude control. Concepts 
utilizing different number s of tanks were studied to determine their 
impulse capability, weight, performance, etc. A further refinement 
of the baseline configuration i s  being generated, and the project i s  
being directed toward detail design and analysis in al l  a reas .  

2. - Quarter RackTes t  - 

Preparat ions a r e  continuing for a ser ies  of tests  to 
determine the thermal characteristics and responses of a l l  rack- 
mounted components under simulated space environments. Assembly 
of the basic quarter rack structure was completed. The thermal back- 
ground simulator i s  being installed in the insulation. Insulation design 



for the simulator was completed. Tes t  assembly and instrumentation 
designation drawings were  initiated. Rack Position 2 was selected to 
be tested f i r s t ,  since this quadrant contains no Control Moment Gyro 
(CMG) and a minimum of Thermal  Mechanical Units (TMU'  s ) .  

3 .  Quadrant IV Thermal  Control System Tes t  - 

Preparat ions a r e  continuing for a s e r i e s  of tes t s  to 
determine the thermal  character is t ics  of Quadrant IV experiment packages 
under a simulated canister environment. A switching panel i s  being 
fabricated for heater blanket and thermal  simulator voltage calibrations. 
Schematic diagrams of a l l  e lectr ical  measurements  a r e  being prepared.  
Data reduction and data plotting programs were  written for the Dymec 
data recording system. P r o g r a m  preparation for the Astro-Data sys tem 
i s  25 percent  complete. Six tes t  case conditions were  identified fo r  
input to the analytical model. Two cases  were  computed. 

4. Bulkhead Heat Losses  

Additional studie s were  completed to determine maximum 
and minimum heat lo s ses  for the bulkheads. Total heat loss  for the 
uninsulated bulkheads was determined to be a s  high a s  2, 600 Btu/hr 
(assumes  sk i r t s  painted with a le  = 1). Incorporation of a high perform- 
ance insulation on the forward bulkhead and an aft  bulkhead internal 
radiation b a r r i e r  resu l t s  in a heat l o s s  reduction to 1,200 Btulhr .  Studies 
of using the c rew quar te rs  ceiling a s  a radiation ba r r i e r  instead of the pro-  
posed radiation b a r r i e r  showed an insignificant heat leak reduction. 

111. Instrument  Unit 

IU Environmental Control System Performance  on AS-204 ----- --- - 

Data covering the f i r s t  560 seconds of the flight indicated that the 
IU Environmental Control System performed well. The water valve 
opened a t  the required t ime allowing sublimator cooling to begin. By 
560 seconds, cooling was apparent and the methanollwater tempera tures  
were  indicating that temperatures  could be stabilized. P r e s s u r e s  and 
flow r a t e s  were  in the proper ranges indicating good performance of the 
Thermal  Conditioning Sys tem. 



SATURN V 

I. S-IC Stage 

A. F- 1 ENGINE 

1. R&D Engine Tes ts  a t  Edwards Field Laboratory (EFLJ -- -- 
Twenty- six tests  were conducted, and a total duration of 

2430 seconds was accumulated. Eleven of these tests  were full-duratio: 
runs  (150 seconds or  more) .  One tes t  was terminated prematurely due 
to a facility failure and another due to a LOX pump inlet p ressure  indica 
tion below the redline. 

2 .  Production Engine Testing a t  EFL 

Two tes ts  were conducted, and a total duration of 209 
seconds was accumulated. One tes t  was a full-duration run, and both 
tes ts  r an  for the planned duration. 

B. Additional Hydraulic Accumulators Required for GSE 

A statistical analysis has shown that under certain conditions 
the present  S-IC ground hydraulic supply system, with two of the three 
pumps operative, i s  not capable of delivering the flow required by the 
F- 1 engines. To insure the capability of launching with two pumps opera- 
tive for a l l  future S-IC stages, i t  was recommended that additional 
hydraulic accumulators be installed in the GSE prior  to the launch of AS- 
503. 

Retro Motor Performance Investigated - 

The stage contractor ' s investigation of the high performance 
of the S-IC r e t r o  motors  on flight AS-501 continues. Tes ts  a r e  being 
conducted with the type of chamber p ressure  transducer used on AS- 501 
to determine its performance under conditions produced by the S-IC 
r e t r o  motor.  

LOX L o a d i x  Tes ts  - -- 
The tests  were conducted, but data evaluation will not be com- 

pleted in t ime to impact the S-IC- 502 sequence. Therefore, the S-IC- 501 
LOX loading procedure (tank .pressure  regulation) will be used on S-IC- 
502. 



11. S-I1 Stage 

A. J - 2  ENGINE 

I .  R&D Testing a t  SSFL - -- 
Thirty tes ts  were  conducted, and a total of 1793 seconds 

was accumulated. None of the tests  were full-duration runs.  Seven of 
the tes ts  were  terminated prematurely due to minor facility and engine 
discrepancies . 

2. - Production Engine Tes ts  a t S S F L  -- 

Two tes ts  were conducted, and a total of 140 seconds 
was accumulated. Neither test  was a full-duration run, and both tes ts  
r a n  a s  planned. 

3 .  5-2 Engine Testinp a t  AEDC - 

Four tes t  periods were conducted a t  AEDC. Eight S-I1 
low fuel NPSH hot firings and three blowdown tes ts  were  conducted with 
the S-IVB Battleship stage. An S-I1 duct i s  in the final stage of fabrica- 
tion a t  Rocketdyne and is scheduled for ear ly February  installation on 
the S-IVB Battlesl!.ip. 

Six S-IVB hot firings were  conducted to investigate the 
230K 80-minute r e s t a r t .  Three of these six tes ts  were  simulated 80- 
minute r e s t a r t s .  The feasibility of controlling the s t a r t  tank energy 
on r e s t a r t  by selecting the s t a r t  tank vent and relief valve i s  the pr i -  
m a r y  objective of these tes ts .  The engine has operated satisfactorily 
during these tes ts  except for an ECA failure after tes t  period No. 24. 
The tes t  data a r e  being analyzed. 

J - 2 s  Testing a t  MSFC 

To date,  five tes ts  for a total duration or l o y  secorlas 
have been accumulated on J - 2 s  engine J108 on the MSFC Battleship 
vehicle. All t e s t s  were  conducted with a nominally conditioned solid 
propellant turbine s t a r t e r  . No problems were  encountered with the 
engine system; however, two t e s t s  were prematurely terminated by 
erroneous signals to the automatic stall approach monitor system. 
Pre l iminary  data analysis has  indicated that stage ducting has not 
affected the ability of idle mode operation on the J - 2 s  engine to clear 
the ducting of saturated propellants. 



B. Cryo Proof Tes t  of LH, Forward Bulkhead -- 
The analysis of the thermal  environment indicated that, with 

a vent modification, the bulkhead can be chilled enough to proof tes t  the 
longitudinal welds. The ability to cool the bulkhead by a GSE supplied 
cold helium prechill  sequence must  be demonstrated prior  to S-11-4 
acceptance tes ts .  

C . LH2 Tank Insulation ---- 
The stage contractor completed an insulation purge study to 

increase  the purge flow capability. The study confirmed the recom- 
mended increase in the inlet purge line to the vehicle. The change con- 
s i s t s  of a line s ize change f rom 314-inch to 1-inch diameter f rom the 
umbilical to the sidewall inlet and relocation of the inlet p r e s s u r e  sens-  
ing point nearer  the umbilical. 

D. LOX Tank F a s t  Fill - 

The proposed LOX fas t  filling procedure and facility modifica- 
tion was reviewed. The proposal, providing a crossover line between the 
replenish and the fas t  f i l l  system near the LOX storage tank and modify- 
ing the f a s t  filling procedure to low flow ra tes  (- 1000 gpm) during the 
initial loading phase was found to be unacceptable due to the severe impact 
loads in the sump a r e a  a s  a resul t  of LOX slugging caused by potential 
geysering in the vert ical  section of the fill system during the initial load- 
ing phase. The geysering condition would resul t  f rom the flashing of hot 
LOX (saturated a t -45  psia)  entrapped in the 14-inch diameter system. 
Procedures  for dumping the entrapped hot LOX prior  to loading the stages 
a r e  being investigated. 

111. S-IVB Stage 

A.  - Testing of Engine Gimbal System - 

Various leakage r a t e s  of the system were programmed, and 
the pump operations were  monitored. The system will maintain p res -  
s u r e  as long a s  the reservoi r  contains some oil. A high-pressure leak 
appears  to have li t t le effect on system operation providing all the fluid 
i s  not lost .  The data obtained during this program will be useful in 
predicting remaining system longevity in the event that a leak develops 
during orbital  coast. 

Television in S-IVB- 503 LH2 Tank 

Due to instrumentation limitations, certain low gravity fluid 
behavior and heat t ransfer  phenomena (particularly during engine r e s t a r t  



preparations) that occurred during the S-IVB-501 flight a r e  not under- 
stood. Additional low gravity problems may be encountered on the 
manned missions due to docking disturbances. Based on these considera- 
tions, recommendations were made for the installation of a television 
sys tem on the upper dome of the S-IVB- 503 liquid hydrogen tank (if AS- 503 
is manned) to permi t  viewing of the liquid hydrogen surface during orbital  
maneuvers.  The television system would be very similar to the system 
used on the S-IVB-203 experiment. 

IV. Instrument Unit 

A. GN, Pur_ge - - System Tes t  

A t e s t  program i s  in progress  to determine the flow r a t e s  and 
p r e s s u r e s  that can be provided by the a i r  /GN2 purge system for cooling 
the Radioisotope Thermoelectric Generator (R TG) fuel cask that will be 
mounted on a pod of the Lunar Module (LM) as ear ly  a s  AS-504. P r e -  
l iminary data indicates that the required RTG coolant flow can be pro-  
vided by a tap-off with a Y-duct a t  the end of the existing IU purge mani- 
fold. Other possible configurations a r e  also being assessed .  

Sublimator Testing 

Sublimator S /N 27 successfully completed acceptance testing. 
Sublimator SIN 29 successfully completed the acceptance tes t  and the 
production reliability test .  

C. ECS P r e s s u r e  Switch Tested 

The supplemental qualification tes t  on the methanollwater ECS 
p r e s s u r e  switch was completed. The additional testing was required 
because the switch contacts were not monitored for chatter during initial 
qualification vibration testing. The supplemental testing demonstrated 
that the p ressu re  switch was not susceptible to chatter a t  the specified 
t e s t  levels.  

UDIES 

I. Transient  Analysis of .Flow Using Laser  Velocimeter 

The t ransient  velocity character is t ics  of a liquid following a step 
change in the driving force without interruption to flow were measured,  
recorded and analyzed. It was found that the frequency of oscillation 
could be approximated with ideal flow within * 3 percent,  and the damp- 
ing could be approximated with a semi-  emp i r i c a l  method of calculation 



within * 5 percent.  The strength of the investigation l ies  in the fact that 
i t  negates the necessity of the highly involved perturbation procedures 
heretofore required for this type of transient analysis for engineering 
purposes.  

11. Investigation of Freon E-3 a s  a Low Temperature Hydraulic Fluid --- -- -- --- 
Testing was resumed to determine the feasibility of using Freon 

E-3  a s  a low temperature (- 150 O F )  hydraulic fluid in a recirculating 
sys tem using a Kellogg Model APO 5V- 14A hydraulic pump. During this 
reporting period, the break-in,  calibration, p ressu re  control, dynamic 
response,  and p ressu re  cycling tests  were conducted under ambient 
temperature conditions with Kellogg pump SIN 758. Tes ts  a r e  continuing 
under low temperature operating conditions. 

111. - Mass  Spectrometer for Sunspot I Space Simulation F a c i l i t j  -- 

An Aero Vac Corporation Model 610 m a s s  spectrometer was 
received and installed for analyzing residual and measuring constituent 
gas part ia l  p ressu res .  The spectrometer covers the range of 1 to 300 
atomic m a s s  units. 

IV. Zero  Leakage Projec ts  ----- - 
A. ----- Investigation of Brazed and Welded Connector s -- - 

The investigation of brazed and welded connectors for space 
vehicle use was completed for the 114-inch specimens. These con- 
nectors  withstood 300,000 vibration cycles a t  a s t r e s s  level of 22, 500 
ps i  at ambient temperature and a t  a s t r e s s  level of 33,200 ps i  a t  LN, 
temperature.  The allowable s t r e s s  level a t  500 O F  appears  to be 12,000 
psi .  Testing was continued on the 1- 112-inch, 1- 114-inch and 314-inch 
specimens. 

B . Boss Seal Connector s 
----Pep- 

A se r i e s  of tes t s  were  initiated to determine if boss connector s 
using rubber O-rings can be developed to maintain leak tight (1 x s c c l s )  
connections over a period of 180 days for use in long-duration space flights. 



V.  A M 1 0  Telescope Mount (ATM) - - ----- 
Canister Fluid Cooling System 
------A 

Methanollwater (80120) was selected a s  the coolant for the 
canister active thermal  contr 01 system. Hydraulic tes t s  a r e  planned 
for a canister wall module and the radiator to a s s e s s  leakage, flow 
distribution, and p res su re  drop in these components. Detailed thermal  
models of the canister fluid sys tem a r e  being completed to evaluate the 
t ransient  performance of the system. Radiator studies will be com- 
bined with the canister thermal  model to establish the thermal  lag of the 
system. Included in the thermal  model i s  a detailed study of sys tem 
pr  e s sur e for the maximum and minimum environments . 

B. ------- Rack-Mounted ComEnents 
* --- 

Three previously open side a r e a s  on the r ack  were closed off 
to afford component mounting space. Cursory thermal  analyses  were  
completed based on an operational cluster mode to determine the feasi-  
bility of placing aluminum thermal  covers over the rack-mounted com- 
ponents. Results of these analyses indicate that 26  of the 75 components 
involved, plus the 18 charger-battery-regulator packages, cannot be 
covered due to temperature constraints.  More detailed thermal  analyses  
a r e  being performed to substantiate these findings. 

VI. Multiple Docking A d x t e r  -- - -- 

A. Environmental Control System (ECS) Ducts 
-PA- - 

A final configuration for the MDA ECS ducts has  not been 
established due to pending changes of MDA structure and the addition 
of sound suppressor  muffler s to the P L V  fans. The final design a lso  
depends upon whether the MDA will be used for p r i m a r y  OWS experi-  
ments  in the event of OWS failure.  

Thermal  D e s x n  ----- - 

The MDA heat lo s ses  exceed the design specification (243 
Btulhr  lo s s )  by a s  much a s  100 percent.  TKis will requi re  the incorpora- 
tion of 150-200 watts of heater power during normal  operation. 



ADVANCEDPROPULSIONAND TECHNOLOGY 

I. Advanced Engine Aer ospike Experimental Investigation - - --A- 

The stainless steel aerospike thrust  chamber tes t  s e r i e s  was con- 
cluded. An examination of the thrust  chamber following the l a s t  tes t  
s e r i e s  has revealed that the ceramic  coating on the chamber walls 
reached its melting temperature in several  localized a r e a s  near the 
injector.  Analysis indicates that a further injector modification i s  
required. A facility f i r e  a t  the ~ e n o  ' ~ e s t  Facility under an Air Force  
p rogram has  delayed the s t a r t  of the anticipated aerospike performance 
tes ts .  Because of these problems, the r eprogramrning for performance 
tes ts  will not be accomplished. The altitude performance tes ts  will be 
conducted subject to availability of tes t  hardware and facilities. 

The injector screening tests ,  conducted using 2. 5K pounds thrust  
segments, were completed. Results indicate that ther e i s  l i t t le differ - 
ence in combustion performance level between the two injector types 
tested, a n  impinging jet and a concentric orifice configuration. Final 
selection of the optimum injector will await completion of the initial 
throttling t e s t  s e r i e s  in  phase two, the chamber geometry investigation. 

11. Autopump Demonstration Testing 

P r e s e n t  hydraulic systems for Saturn contain servo valves and 
pump compensators,  both of which a r e  sensitive to contamination and 
environment. The autopump i s  a modified pump where the output i s  
controlled by an  electr ic  current  input, thereby supplying hydraulic 
power in  response to system needs. Tests  were conducted on this unit, 
and the feasibility of this approach was demonstrated. The pump was 
responsive to signals, but additional development i s  required to apply 
this concept to engine gimbal systems.  The pump was operated a t  a 
maximum pressu re  of 1500 psi, but frequency response was not competi- 
tive with present  systems.  Due to testing prior i t ies  and additional develop 
ment  required,  further effort on this project is  being curtailed. 

Flifit Experiments 

Work was completed on the conceptual design of a propulsion sys-  
t e m  to mee t  the present  requirements.  

A data package was prepared containing the resul t s  of these studies. 
The package contains engineering layouts of the total experiment package 
with emphasis on the propulsion systems (main and attitude control). 
Appropriate qualified hardware i s  indicated a s  possible candidates for 
application to the system. Included in the data package i s  a weight break- 
down for the propulsion systems.  Due to the limited amount of t ime 



allotted to complete the work, emphasis was directed toward providing 
a propulsion concept that would meet  a l l  mission requirements .  Detail 
design and analysis is being delayed pending determination of the pr ior i ty  
of the project.  

C- 1 Engine Acoustic Liner - 

A full duty cycle t e s t  of the acoustic liner engine i s  planned to 
demonstrate durability of the l iner .  A second C- 1 engine will be equipped 
with a liner and tested in approximately eight weeks. 
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