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GEORGE C. LMARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS SEPORT 

ADVANCED STUDIES OFFICE 

(November 1, 1967, Through November 30, 1967) 

SATURN V 

Voyager Studies 

A.  Baseline Spacecraft Design 

1. R-P&VE Spacecraft Design Status - - -  Phase I of the 
spacecraf t  design study has been documented and submitted to Laboratory 
management for review and approval. This study, which identifies the 
140-inch-diameter baseline configuration, will be published a s  Internal 
Note IN-P&VE-A-67-8. 

2. Spacecraft Structural Analysis - - - Weight comparisons 
between three s t ruc tura l  concepts for the Voyager-class spacecraf t  a r e  
being continued a s  a s t ructural  technology study. Fo? these concepzs, 
which were  described in  the October P r o g r e s s  Report, various structilra; 
members  a r e  being sized using the Str uctural Engineering Svs tern >Q:VET, 

a computer program developed for the I a M  1130. Results of this s t ~ d y  
should be available during the second week in  December. 

3 .  Miscellaneous Spacecraft DesignData Compilation - - - -  i t  
i s  planned, for future reference,  to compile pertinent spacecraf t  desigr- 
data and memorandums that a r e  not contained in other repor ts .  Ail inputs 
have now been gathered and incorporated into a draf t  copy of the repor:> 
which has beei? circulates for management review. The final mariuscript 
i s  now being prepared. 



B. Alternate Spacecraft Design Studies 

1. 260-inch-diameter Spacecraft Concept - - - The f i r s t  d raf t  
of a proposed Internal Note has been written and i s  being reviewed by the 
input originators.  Publication of the repor t  has  been delayed until mid-  
December.  

2. Shroud for Voyager-type Payloads - - -  The impact  on the 
140 -inch-diameter "baseline" Voyager shroud, created by changing the 
d iameter  of the spacecraf t  f rom 140 inches to 260 inches,  has  been a s s e s s e d  
and the resu l t s  a r e  being documented in  a forthcoming MSFC Internal Note. 
Functionally, the shroud is unchanged and i s  character ized by the following: 
(1)  shor t e r  length; (2) the spacecraf t  external s t ruc ture  i s  an  integral  p a r t  
of the shroud; and ( 3 )  conduits, umbilicals,  and access  a r e  on the space-  
c raf t .  Launch vehicle loads a r e  reduced since the 260-inch concept resu l t s  
in a length reduction of approximately four feet; separation is simplified. 
The cylindrical sections (including spacecraf t )  a r e  of aluminum honey- 
comb sandwich construction and the double-angle nose cone i s  aluminum 
skin and s t r inger  . Vent sys tem requirements  a r e  unchanged. 

3 .  Thermal Analyses of Shroud lor  Mars  Missions - - - The 
impact  on payload shrouds created by utilizing radioisotope thermoelectr ic  
generators  (RTGs) for power sources on enclosed payloads has been 
examined. As a baseline, four RTGs of 3000 thermal  wat ts  each were  
assumed.  These units were  located a t  different positions s o  that the 
"worst  case" condition might be determined. The basic  questions were  
the following: (1 )  i s  a n  active heat exchange device required to dissipate 
the thermal  energy generated by the RTG, and, i f  so ,  (2) what i s  the nature 
of the device, i .  e . ,  i ts  physical location(sf and design, and general  impact 
on the s t ruc tura l  and functional deslgn of the shroud? This effort has  been 
concluded, and the resul ts  documented in  BECO Summary Report  
PVEL-28436- 1, " Thermal  Analyses of Enclosed Payload Containers,  " 
dated October 27, 1967. It was concluded that the spacecraf t  electronic 
bay and possibly the RTG radiators  require  cooling during prelaunch 
operations.  Based on prel iminary design data the cr i t ical  components 
have been identified a s  the spacecraf t  bat ter ies  which have a maximum 
operating temperature of 86" F. 

C. P r o g r a m  Status Review to Laboratory Management 

A briefing to R-P&VE management nas  been prepared and will 
be presented a s  scheduling permi ts  a t  the weekly P&VE Technical Seminar.  
This briefing will cover the previous 140-inch-diameter "baseline" space-  
c r a f t ,  the 260-inch-diameter spacecraft ,  shrouds for each, a l ternate  



planetary mission requirements (and the spacecraf t ' s  capabilities for 
performing them), and technology requirements for a 1975 mission. 

D. Voyager Missions to Jupiter and Venus 

Work i s  continuing on the preliminary design of a Voyager -type 
spacecraft  for use  in  probing the outer planets and for use  in a Venus 
swingby/solar probe mission. Completion of this study i s  presently 
scheduled for December 8, 1967. 

APOLLO APPLICATIONS PROGRAM 

I. Ear th  Orbital 

A .  Dry S-IVB Austere Workshop (Cluster 11) 

A conceptual design study of an  ear ly  aus tere  S - I V 3  Workshop 
that will be launched by the Saturn V for Cluster I1 has been initiated. 
This concept will make maximum use of the Cluster 1 Workshop componerits 
with minimum resupply. The mission time was assumed to be one year  
with a three-man crew. Several concept approaches a r e  being developed. 

A prel iminary experiment program (consisting of experiments 
proposed, but not planned, for Cluster I, selected EOSS experiments,  and 
severa l  experiments which had been planned but not assigned between 
Cluster I and EOSS) was selected for initial guidance in the study. 

Pre l iminary  subsystems were  also selected and a prel iminary 
listing of guidelines and assumptions, functions, metabolic and atmospherll c 
requirements ,  and recommended approaches has been compiled. A hybrid 
gaseous-supercrit ical storage system i s  3eing considered for atmospheric 
supply and pressurization. Cluster I environmentai control systems 
components that might be used a r e  molecular sieves,  catall-tic burners ,  
debr is  t raps ,  charcoal and chemisorbent beds, circulation ians,  coid 
plates,  etc. A one-year supply of water will be s tored in either new or  
LEM-type tanks. Cluster I solar  cell panels and bat ter ies  and ATM 
Control Moment Gyros with the Cluster I auxiliary attitude control sys tem 
a r e  being considered a s  the principal power and attitude control sys tems,  
respectively. The Communications and Data Management Sys tems and 
Instrumentation f o r  Cluster I will be used a s  a point of departure.  



An overall  configuration sketch was developed for  R-AS which 
represented  a Saturn V-launched non-propulsive S -1VB ~ o r k s h o ~ / ~ ~ ~ /  
MDA / and ATM proposed a s  a candidate for a longer l ifetime Cluster I1 
mission. In this concept, the MDA would be shortened to provide space 
in  the SLA to accommodate the CSM. The A T M  module would be located 
i n  the S-IVB /s-11 inter  stage, interfaced with the S-IVB LOX tank and 
could operate  attached to the S-IVB either remotely and manned o r  
remotely and unmanned. Mechanical interface problems associated with 
these al ternate  modes of operating the ATM, and, particularly,  modifications 
required to the S-IVB LOX tank, af t  skir t ,  and aft inter  stage a r e  being 
investigated. 

B . Inde~enden t  Module Studv 

The experiments ( from the EOSS baseline experiment package) 
f o r  the independent module study were  selected. Both an  astronomy and a 
general -purpose module a r e  being defined. The basic  requirements  for 
the selected modules have been outlined and conceptual design sketches 
a r e  being developed. 

C. Ea r th  Orbital Thermal Analysis 

Pa ramet r i c  analyses of the p r imary  loop of candidate thermal  
control sys tems a r e  being continued with emphasis placed on definition of 
radiator  charac ter i s t ics  and location a s  affected by al ternate  attitude 
orientations and heat rejection requirements  . The study is being conducted 
such that the resu l t s  would be applicable to requirements  of the proposed 
d r y  launched S-IVB Workshop for Cluster 11. 

11. Integration 

A. Ea r ly  Space Station Operational Analysis 

Efforts during this reporting period have been concentrated on 
establishing the tradeoffs that can and should be conducted in  investigating 
a space station's operational requirements.  The programmed efforts a r e  
being channeled in  two principal directions: (1) defining and presenting 
constraints imposed by orbital  and celestial  mechanics, and (2)  developing 
the requirements  placed on a station by simultaneously conducting a multi-  
discipline experiment program. In the mechanics portion or̂  the effort 
the percentage of t ime a space station i s  over major  land m a s s e s  and bodies 
of water ve r sus  orbital  inclinations was determined. The percentage oi  t ime 
in  the South Atlantic Anomaly versus  orbital  inclination was completeci. 



Reaction control firing t ime, coast t ime,  and pfopellant consumption for 
var ious reorientations of a baseline space station (EOSS) were  completed. 
ESCAPE runs were  made to evaluate the effects of s te l la r ,  so lar ,  and 
ea r th  pointing constraints on the experiment programs.  Also, four 
experiment  sequencing modes have been defined to evaluate the efficiencies 
of proposed operational options. Rather than scheduling experiments i n  
random order ,  it may be more  logical to group cer tain disciplines o r  types 
of experiments together during each launch interval. 

B. E x ~ e r i m e n t  Integration Cr i te r ia  

Considerable effort has been expended to delineate the detailed 
requirements  and character is t ics  of discrete  experiments in the EOSS 
baseline experiment package. Comprehensive char t s  showing the available 
information on each experiment a r e  being constructed. These data a r e  
intended to allow m o r e  effective integration of the experiment sys tem into 
the station sys tem and analysis of the operational character is t ics .  

111. Lunar Systems 

MSFC Mobility Test P rogram 

As a resul t  of meetings between the Technical Services Office, 
Tes t  Laboratory, and P&VE Laboratory, Technical Services  has  agreed 
to p repa re  three t e s t  courses  and provide sand for the soft soil  course.  
The three  t e s t  courses  a r e  a scraped,  packed soil  course,  a plowed soil  
course ,  and the sand course.  Also, existing paved gravel  courses  will 
be used. The prepared courses  will be located in the Tes t  Laboratory 
GSE a r e a .  Since the prepared courses  require  d ry  soil, the course 
preparat ion has been delayed because of recent  rains .  It Is anticipated 
that a l l  courses  should be prepared and ready for testing by December 4, 
1967. 

The three t e s t  vehicles, both MTAs and the BECO Mock-up, 
a r e  ready for testing and the proposed tes t  plan has been submitted to 
the Tes t  Laboratory. The chase vehicle and data te lemetry sys tem a r e  
a l so  ready for operation. 

At the request  of Public Affairs Office, personnel from this 
Office ass i s ted  in the preparation of a shor t  filmed sequence on lunar 



su r face  vehicles for the Bri t ish Television Network, ITV. The BECO 
Mock-up was driven and fi lms were  taken of both MTAs a t  r e s t  i n  the 
Tes t  Laboratory area .  F i lms  f rom our ear l iec  flight t e s t  a t  1/6 g 
with the BECO Mock-up were  provided and excerpts were  included in  
the eight-minute film. 

ADVANCED PROGRAMS 

I. Launch Vehicles 

A .  660 k/Nuclear Vehicle Report  

The resu l t s  of the f i r s t  phase of the "660k Launch Vehicle" 
study and the nuclear launch vehicle study have been documented and a r e  
now being published in MSFC Internal Note IN-P&VE-A -67 -9.  This repor t  
identifies the concept of the "660 k Launch Vehicle" which has  a two-stage 
payload capability of over 660,000 pounds to a 185-km c i rcu lar  orbi t  and 
i s  designed to c a r r y  a nuclear stage a s  the payload. The nuclear vehicle 
study, which employs the 660 k launch vehicle, was to investigate the 
p re fe r red  nuclear orbital  launch vehicle configuration and the ea r th  launch 
vehicle sys tem to support a n  ear ly  Manned Mars Landing Mission, based on 
the LMSC Phase I nuclear stage design. 

Liquid Strap-on Pods, " 660 k Launch Vehicle" 

In a joint effort with R-AERO-X, control, aerodynamic, and 
separat ion parameters  a r e  being determined for this vehicle. Pr esentiy, 
Nitrogen Tetroxide and Alumizine ( N ~ o ~ / N ~ H ~ - A ~ ~ ~ G )  has been chosen a s  
the baseline propellant for the pods of the "660 k Launch Vehicle. " However, 
the evaluation of other propellants i s  being continued. Study examinations 
a r e  to be made to identify the effects of using HY-150 metal for  the pod 
propellant tanks. The pod pressurizat ion system design analysis  i s  contin- 
uing and the propellant slosh analysis is a l so  being investigated. 

C. Stage Design for Personnel Transfer 

A memorandum, R-P&VE-AV-67 -293, summarizing cur rent  
resu l t s  f rom this study has  been completed and distributed to key study 
personnel .  Results of this effort identify the usability of s torable  and 
cryogenic propellants in employing a t ransfer  stage that i s  based on the 



Voyager spacecraf t  bus sys tem-as  a t ransfer  stage for eacrth orbital  
ope rations.  The effect of stage diameter .  on the paylotad configuration 

( t  
and thC e f f e t '  of boil-off and off-- lo&ding<a-thecrydge~c stage a r e  
descr ibed,  

D. Low-cost Launch Vehicle 

A summary  progress  i.eview 'on the siibject study effort was 
given to members  of the Advanced Systems Activity on November 7, 1967 
This review was given by members  of the study group on the Conceptual 
Design and Analysis portion of the "LOW-cost Launch Vehicle" effort, 
current ly being managed and technically supported by members  of this 
Office. In addition to a delineation of the overall  managerial  aspects  of 
the study, this Office presented thk resul ts  of sugpbrting study efforts 
resulting f r o m  specific tasks identified a s  follows: 

( 1) Scaling and parametr ic  sensitivity studies 

( 2 )  Configbration analyses 

(3) Shrouded multi-nozzle rocket engine theoreticai 
performance analyses 

(4) Perfcrmance analyses for exponential1 y- s caled 
launch vehicle ~ 0 d c e p t s  

Resul ts  to date on the la t ter  two of these "tasks a re .  summarized in 
memorandum R-P&VE-AV-67-303, dated November* 16; 1967. Effort  
in  these two task a r e a s  i s  continuing with emphasis on thrust  augmenta- 
tion description, stage commonality concepts, and more  sophisticated 
performance analyses.  

In response to managerial  dire,ction, p r imary  study emphasis 
i s  current ly being directed toward a vehicle of the 75  k payload class .  
Two cases  under investigation within this. Office, Involving definition of 
this vehicle and i ts  conceptual extrapolation to other ,payload c i a s ses ,  a r e  
the following: 

( 1) 75 k "optimized" pkrformance vehicle sys tem 

( 2 )  Exponentially-s caled building-block vehicle /vehicle 
spectrum concept 

Ground ru les ,  individual tasks and a tentative schedule have been formu- 
lated and agreed upon for 'this effort. 



E .  Saturn Launch Vehicle Uprating Studies 

1. Saturn V SA-520 Definition - - -  The SA -520 definition 
r epor t  is in  the final stages of documentation. Publication of the repor t  
i s  scheduled for mid-December.  

2.  Saturn IB SA -2 17 Definition - - - The SA -2 17 definition 
r epor t  i s  in the final stages of documentation. Publication of the report  
i s  scheduled for the end of December.  

F. Saturn Utilization Studv 

The f i r s t  p rogress  review on the Saturn Utilization Study was 
presented to the Advanced Systems Activity Senior Staff by Mr.  William L. 
Corcoran, Study Manager, and covered activities and accomplishments 
for the period September 24 through October 3 1. The study i s  on schedule 
and operating within present  manpower commitments. A discussion on 
sensitivity factors  within the low- cost fleet  generator computer program 
for determination of configuration evolutions led to a reques t  for a formal  
presentation on the methodology techniques utilized. 

The basic  data sheets for a "Saturn Vehicle Shopping Lis t"  
have been prepared.  These sheets give physical character is t ics  of each 
vehicle by stage, and a l so  present  performance character is t ics .  The 
candidate vehicles have been selected; data sheets a r e  current ly being 
prepared  for  each vehicle. 

G. Saturn Improvement Studies 

R-AERO and R-TEST presented informal status reviews of 
their  base heating and launch facil i t ies tes t s ,  respectively, for  selected 
Saturn V models with s t rap-on solid rocket motors .  The .base  heating tests  
a r e  being conducted a t  Cornell Aeronautical Laborator ies ,  Buffalo, New 
York. The simulated launch tests ,  performed a t  MSFC under direction 
of KSC, have indicated ( 1) flame bucket redesign i s  . required to eliminate 
exhaust spill over the flame trench and ( 2 )  mobile launcher exhaust opening 
increase  of approximately 2 1 /2: feet  on al l  s ides .  These findings effectively 
substantiate the conclusions and recommendations of the recently conducted 
study of launch facil i t ies for improved Saturn vehicles conducted by The 
Martin Company for KSC in  conjunction with MSFC. Total non-recurr ing 
costs  for the fully modified mobile launcher and the new flame deflector 
a r e  estimated a t  $12. 1 M and $3.8 M, respectively. 



The complete testing program was reviewed and fi lm coverage 
of recent  tes t s  shown. One of the p r imary  program objectives i s  the 
determination of the environment of the vehicle base and facility elements 
during holddown and initial lift-off. Although Phase UiI (basic Saturn V 
with 120-inch-diameter SRM) i s  not scheduled for completion until 
Februa ry  1968, prel iminary resul ts  indicate no appreciable change in  
base  environment problems for 120 -inch-diameter SRM strap-ons when 
utilizing the redesigned flame deflector. 

11. Ear th  Orbital 

Common Mission Module 

A conceptual design of the CMId has been cieveloped, including 
s t ruc tura l  configuration, systems definition, subsystem integration, and 
internal layout and arrangement .  Current  efforts involve weight analysis,  
design review, and preparation of the final report .  A final presentation 
on the study resu l t s  has  been scheduled for December 15, 1967. 

B.  Three-burn S-IVB Staee 

An Internal Note concerning the u5lization of a t h r e e - b u r i ~  
S-IVB stage for advanced ear th  and lunar orbital  misslons i s  being prepared 
for publication. In the report ,  advanced Saturn V missions,  such a s  the 
synchronous orbi t  mission, the S-IVB i n  lunar orbi t  mission, and o thers ,  
a r e  discussed. The S-IVB stage and I U  capabilities and changes required 
for  each mission a r e  a l so  covered. 

111. Planetary 

A .  Probe  Module Definition Study 

. A study was initiated to conceptually deline a probe modu:c: 
o r  probe compartment configured to s t ructural ly  support, envirori_xenta;iy 
and biologically protect,  and operationaliy de2loy a proposed experimental 
package for  a manned planetary encounter mission. This study wiii 
establish the interface requirements  with other spacecraf t  subsystems 
and define the functional requirements  imposed on the mission module by 
the onboard scientific experiment program. 



B. Mars  Soft-lander Probe Definition 

The study to conceptually define the soft-lander probe i s  
continuing. The experiments and experiment payloads were  established 
and a baseline probe configuration has  been defined. The baseline probe 
weighs 5,000 pounds, i s  16 feet  in  diameter ,  and has a cone half -angle 
of 60 degrees.  

C. Command Pos t  Definition for Planetary Spacecraft  

Command and control center functions pertaining to the 
miss ion  module of a Mars  planetary mission have been established. The 
type equipment and equipment character is t ics  necessary  to per form these 
functions a r e  now being defined. Expected resu l t s  include a layout of 
equipment with corresponding volumes, a r e a s ,  weights, etc. 

D. Nuclear Vehicle Design Sensitivity Study 

Based on the resu l t s  documented in  BECO Report PVEL-27013-2, 
"Nuclear Vehicle Design Sensitivity Study," dated September 29, 1967, and 
LMSC Report A830246, "Nuclear Propulsion Module Reference Design, 
Phase 11," dated February  24, 1967, efforts were  initiated to produce the 
following engineering analyses : ( 1) establish new "nominal" o r  reference 
baseline configurations under consideration; (2) verify velocity increments  
f o r  ear th  departure,  Mars  braking, and Mars  departure ,  and compare 
with LMSC Phase  I1 data; and ( 3 )  define the sensitivity of the nuclear module 
weight for various mission parameter  changes. (Examples a r e  variations 
in  engine thrust  and Isp , propellant boiloff, etc.  ) 

Pre l iminary  resu l t s  have been received f rom BECO and a r e  
present ly being reviewed. A follow-on effor t  to determine nuclear stage / 
ea r th  launch vehicle compatibility i s  being prepared.  

,r-, 

ich E .  Goerne 
@, Advanced Studies Office 
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SATURN V 

I. S-IC Stage 

A. Evaluat ion of Comnlercial Adhesives 

S tud ie s  a r e  cont inuing a s  ou t l i ned  below t o  eva lua t e ,  develop, o r  
q u a l i f y  new adhesives f o r  use i n  t he  Sa turn  program. 

1. I n v e s t i g a t i o n  of the  Ef fec t s  of Aging on Polyurethane Adhesive 
Bond St rength  

Two s e r i e s  of silane-primed specimens and one s e r i e s  of unprimed 
c o n t r o l s  have now been exposed t o  an outdoor aging environment f o r  t en  
months. I n  one s e r i e s  the  aluminum adherends were primed wi th  Dow Corning 
2-6020 and bonded wi th  an  adhesive mix (Narmco 7343/7139) conta in ing  1 . 0  
percent  Dow Corning 2-6040, i n  another  s e r i e s  t he  adherends were primed 
wi th  hydrolyzed 2-6040 and bonded with t h e  adhesive mix conta in ing  1 . 0  
percent  2-6040; and i n  t he  l a s t  s e r i e s  t he  adherends were unprimed and 
no a d d i t i v e  was included i n  t he  adhesive mix. I n  genera l ,  l apshear  and 
b e l l  pee l  t e s t s  a t  -300°F (-184"C), room temperature,  and 200°F (93OC), 
i n d i c a t e  t h a t  aging f o r  t en  months r e s u l t e d  i n  h igher  bond s t r e n g t h s  than 
were observed with specimens aged f o r  only one month. These d a t a  cont inue 
t o  i n d i c a t e  t h a t  humidity has a  r e v e r s i b l e  e f f e c t  on bond s t r e n g t h .  30th 
the  humidity and temperature during the  l a s t  two months have been iower 
than i n  t he  preceding months. An at tempt  w i l l  be made t o  c o r r e l a t e  s t r e r g t h  
va lues  with p r e v a i l i n g  humidity and temperature cond i t i ons .  

2 .  Study of E f fec t s  of Addit ives  and Primers on Polyurethane Bond 
St rength  

1, 1-Dihydroxymethyl fe r rocene  was compared with an equ iva l en t  
percentage of the s i l a n e  a d d i t i v e  2-6040 i n  t he  s tandard  Narmco 7343 formu- 
l a t i o n .  T e s t  d a t a  i n d i c a t e  t h a t  the  fe r rocene  compound i s  n o t  a s  e f f e c t i v e  
as the  s i l a n e  a d d i t i v e  and the re fo re  deserves no f u r t h e r  s tudy .  



A s e r i e s  of exper iments  i s  i n  p rogress  t o  e v a l u a t e  t h e  e f f i c i e n c y  
of h o t  w a t e r  a s  a  means of removing e x c e s s  s i l a n e  pr imer  f r o n  aluminum s u r f a c e s .  
P r e l i m i n a r y  i n d i c a t i o n s  s u g g e s t  t h a t  t r e a t m e n t s  of l e s s  t h a n  one h a l f  hour  
d u r a t i o n  w i l l  be e f f e c t i v e .  

A s tudy  h a s  been completed on v a r i o u s  pa ramewrs  a f f e c t i n g  t h e  
s t r e n g t h  of u r e t h a n e  adhes ive  bonds formed w i t h  Alodine 1200-coated aluminum 
adherends .  D e s p i t e  s e v e r a l  v a r i a t i o n s  i n  c l e a n i n g  and s u r f a c e  p r e p a r a t i o n ,  
i n f e r i o r  s t r e n g t h  a t  c ryogen ic  t empera tu res  was c o n s i s t e n t l y  o b t a i n e d  w i t h  
Alodine adherends .  S t r e n g t h s  a t  room tempera tu re  and above were n o t  
a d v e r s e l y  a f f e c t e d  by t h e  Alodine t r e a t m e n t .  

F u r t h e r  s t u d i e s  have been made of t h e  Stafoam AA-1802 pr imer .  
S e v e r a l  pe rmuta t ions  and combinat ions  of t h e  fo l lowing  a r e  b e i n g  i n v e s t i g a t e d .  

a .  The e f f e c t s  of s i l a n e  pre-pr imers  

b .  S i l a n e  a d d i t i v e s  t o  t h e  Stafoam s o l u t i o n  

c .  S i l a n e  a d d i t i v e s  t o  t h e  b u l k  u r e t h a n e  r e s i n .  

One s e t  of specimens i n c o r p o r a t i n g  a l l  t h r e e  0.2 t h e s e  i n n o v a t i o n s  gave l a p s h e a r  
and T-peel  v a l u e s  a t  +250°F (121°C) o f  2380 p s i  and 45 pounds 3er i n c h  of 
wid th  (piw),  r e s p e c t i v e l y .  These a r e  extremely h i g h  v a l u e s  f o r  t h e  Narmco 
, i la ;er ia l  under t h e s e  c o n d i t i o n s  and f u r t h e r  work on t h e s e  composLfions i s  
i n d i c a t e d .  

B .  Development and E v a l u a t i o n  of P o t t i n f ;  Compounds, and Conf orma: Coa t ings  

Continued e f f o r t  h a s  been d i r e c t e d  toward development of s p e c i a l i z e d  
polymeric  m a t e r i a l s  f o r  e n c a p s u l a t i o n  of e l e c t r o n i c  hardware .  Var ious  
methods have been s t u d i e d  f o r  i n c r e a s i n g  t h e  y i e l d s  of l a r g e  s c a l e  l a b o r a t o r y  
p r e p a r a t i o n s  of epoxy-s i loxane polymer i n t e r m e d i a t e s .  These  polymers a r e  
u s e f u l  a s  embedment compounds f o r  cordwood modules. Continued attempts have 
been made t o  c r o s s l i n k  t h e  s i l p h e n y l e n e s i l o x a n e  polymers a s  p a r t  of t h e  
conformal  c o a t i n g  program. 

1. Development of Epoxysiloxane Enbedrnent M a t e r i a l s  

The p r e p a r a t i o n  of a  100-200 gram q u a n t i t y  of 2-a;ly;phenyi- 
d i m e t h y l s ~ l a n o l  h a s  been c ~ n t i n u e d  wi th  emphasis on o p t i m i z a i i o n  of r h e  
y i e l d s  of t h e  m u l t i s t e p  s y n t h e s i s  . The i n t e r m e d i a t e ,  p -a l ly lphenyldLmeth~7~-  
c h l o r o s i l a n e ,  i s  recovered  i n  poor y i e l d  by d i s c i l l a t i o n  of t h e  c rude  p r o d u c ~  
of t h e  r e a c t i o n  of p -a l ly lphenyl  magnesium bromide and d ichLorod ine thy l -  
s i l a n e .  However, t h e  cor responding  dimethylamino d e r i v a t i v e ,  formed by 
t r e a t m e n t  of t h e  c rudc  r e a c t i o n  p roduc t  wi th  climethylamine, can be  iso1a:ed 
i n  h i g h e r  y i e l d .  The subsequent  h y d r o i y s i s  of t h e  dimethylamino d e r i v a t i v e  
a t  O°C - 5°C (32OF - 41.OC) p rov ides  t h e  monosi lanol  i n  good y i e l c .  The 
sequence of r e a c t i o n s  i n v o l v i n g  t h e  dimethylamino d e r i v a t i v e  o f f e r s  s e v e r a i  
advan tages  i n  t h e  p r e p a r a t i o n  of t h e  d e s i r e d  monos i l ano l ,  p-al1ylphenylaimet;-~y1- 
s i l a n o l ,  and i t  w i l l  be a p p r a i s e d  i n  a l a r g e r  s c a l e  p r o c e s s .  



2 .  Development of Conformal Coatinos 

The s i lphenylenes i loxane  polymer, 

which was prepared prev ious ly ,  has  n o t  been c ros s l i nked  a s  s u c c e s s f u l l y  a s  
t he  polymer system con ta in ing  l a r g e r  percentages of double b o d s .  The polymer 
i l l u s t r a t e d  above was c ros s l i nked  with P,4-bis(dimethylsily1)benzene i n  
Si-H/C=C r a t i o s  ranging  from 113 t o  3 / 3 .  The c ros s i i nked  polymer i n  each 
c a s e  was a  low-strength,  "cheesy1' s o l i d .  Various a n a l y t i c a l  d a t a  necessary  
f o r  op t imiza t ion  of t h i s  process  a r e  being obta ined .  

C .  I n v e s t i g a t i o n  o£ Spring F a i l u r e s  i n  Hydraulic Er.pine- Actuators  

S t r e s s  cor ros ion  s t u d i e s  of t h e  var ious  s p r i n g s  used i n  both Noog 
and Hydraul ic  Research (HR) a c t u a t o r s  a r e  being cont inued.  Exce l~ t  f o r  
specimens taken  from t h e  c lock  spr5ng (RR) 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.  A l l  t h r e e  specimecs taken £ram the  broken c lock  
s p r i n g  f a i l e d  i n  t he  a l t e r n a t e  immersion t e s t e r  w i t h i n  36 hours .  

D. I n v e s t i g a t i o n  of Spring F a i l u r e  i n  t he  S-IC Stage LOX Prevalve 

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 
preva lve  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 s p r i n g s  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 he  humidity c a b i n e t  a f t e r  11 uays exposure under very  
h igh  stress. Addi t iona l  s p r i n g s  from t h e  same va lve  a r e  being evalua.ted 
i n  t h e  a l t e r n a t e  immersion tester. There have been no f a i i u r e s  of t h e s e  
s p r i n g s  a f t e r  30 days of exposure.  

E .  I n v e s t i g a t i o n  of t h e  F a i l u r e  of S-IC Sta.ge Servoac tua tor  300' ? L : ~ L : - , ~ :  

F a i l u r e  a n a l y s i s  was completed on the  f a i l e d  s e rvoac tua to r  boot 
f i t t i n g s  removed from SA502. Cracks i n  t h e  7075-T6 f i t t i n g s  were f o u n ~  sy 
The Boeing Company personnel  dur ing  r o u t i n e  i n spec t ion .  The cause of 
t h e  f a i l u r e  was determined by both ne t a l l o r , r aph ic  ano f r ac tog rapn ic  asans 
t o  be  stress co r ros ion  c rack ing .  This f i nd ing  was v e r i z i e d  by The B o e ~ n ,  
Company on s i m i l a r  f i t t i n g s .  The increased  s u s c e p t i b i l i t y  of t he se  ?arcs 
t o  stress co r ros ion  r e s u l t e d  from h igh  s t r e s s i n g  due t o  misalignment due 
t o  d i s t o r t i o n  i n  t h e  p a r t  f i t u p .  The " f ix"  adopted by The Boeing Company 
was t o  shim t h e  f i t t i n g s  t o  very  c l o s e  t o l e r ances .  



F. Inves t iga t ion  of Sea l  F a i l u r e  i.n a 6-Inch LOX F i l l  and Drain Valve 

A Teflon s e a l  f a i l u r e  i n  a 6-inch LOX f i l l  and d r a i n  valve has been 
inves t iga t ed  i n  response t o  a r eques t  from Propulsion Division.  The seal 
is e s s e n t i a l l y  a f l a t  d i s c  with a round cu tou t  i n  t h e  cen te r .  It is  he ld  
i n  p lace  by s e r r a t i o n s  which a r e  pressed i n t o  the  s e a l  dur ing  va lve  assembly 
wi th  cons iderable  l o c a l  deformation of the  s e a l  ma te r i a l .  These s e r r a t i o n s  
a r e  near  t h e  ou te r  periphery of the  s e a l .  It was concluded t h a t  t h i s  s e a l  
was made from a Teflon b i l l e t  of poor q u a l i t y  having a t e n s i l e  s t r e n g t h  
only s l i g h t l y  more than h a l f  of t he  minimum value  s t i p u l a t e d  i n  the  vendor 's  
ma te r i a l  spec i f i ca t ion .  A seal of t h i s  q u a l i t y  could have conceivably 
f a i l e d  i n  tens ion  due t o  thermal s t r e s s i n g  alone.  Recommendations a r e  being 
made t o  appropr i a t e  personnel f o r  avoiding t h i s  d i f f i c u l t y  i n  f u t u r e  va lues .  

11. Contract  Research 

During t h i s  r e p o r t  period,  Sa turn- re la ted  support 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 wi th  the  con t rac 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 Corporation, NAS8-21197, NAS8-21149 
2 . .  Univers i ty  of F lo r ida ,  NAS8-20247 
3 .  Peninsular  ChemResearch, Incorporated,  NAS8-5352 

B. Development of Cryogenic and H i ~ h  Temperature I n s u l a t i o n  Mater ia l  

Goodyear Aerospace Corporation, NAS8-11747 

C. AnaIytsPeal Methods Development 

Beckman Instruments ,  Incorporated,  NAS8-11510 

D.  Assessment and   valuation of B las t  Hazards 

Edwards Air  Force Base, Government Order H-61465 

E. Nondestructive Tes t ing  Techniques 

1. North American Rockwell, NAS8-20764 
2 .  R. W. Benson and Associates ,  NhS8-28208 

111. S-I1 Stage 

A. Inves t iga t ion  of F a i l u r e  of S-11 Stape I n t e r s t a p e  Fas teners  

F a i l u r e  ana lys i s  was completed on two f a i l e d  f a s t e n e r s  removed from 
t h e  S-I1 "C" i n t e r s t a g e .  Fractographic s t u d i e s  v e r i f i e d  t h e  f a i l u r e  mode 
t o  be i n t e r g r a n u l a r  s t r e s s  cor ros ion  cracking followed by overload shea r  
due t o  reduct ion  i n  e f f e c t i v e  c ross  sec t ion .  As a r e s u l t  of t he  above 
f a i l u r e s ,  twelve f a s t e n e r s  were removed from a cracked s t r i n g e r  i n  t h e  "C" 
i n t e r s t a g e  and were s tud ied  both v i s u a l l y  and meta l lographica i ly  t o  determine 
i f  e a r l y  s t ages  of s t r e s s  cor ros ion  was evident .  No evidence 05 cracking  



was found; however, t he  m e t a l l o g r a p t i c  s tndy  revea ied  t h a t  :he threaded 
a r e a s  and ?as  t ene r  heads cons i s  t ed  of r e c r y s  i a l l i z e d  g r a i n  s t r u c t u r e .  
The high temperature s o i u t i o n  hea t  t rea tment  fol lowing chead5ng and heading 
ope ra t i ons  causes  t h e  r e c r y s t a l l i z a t i o n  of t h e  cold worked a r e a s .  

Approximately 75 f a s t e n e r s  were removed from t h e  "high fo rces  tes t"  
i n t e r s t a g e  l oca t ed  i n  t h e  s t o r a g e  a r e a  south  of b u i l d i n g  4619. A t h r ee - foo t  
l ong  s e c t i o n  of a s t r i n g e r  was removed a l s o  s o  t h a t  test panels  could be  made 
f o r  t e s t i n g  some of t he  f a s t e n e r s  i n  stress co r ros ion  environments.  Eighteen 
f a s t e n e r s  were torqued wi th  new c o l l a r s  i n  a one-foot l ong  s e c t i o n  of t h e  
s t r i n g e r  and exposed t o  a l t e r n a t e  immersion i n  sodium c h l o r i d e .  A s i m i l a r  
pane l  was prepared and exposed i n  a humidity c a b i n e t .  A f t e r  more than 400 
hours  of  exposure i n  t he se  environments,  no f a i l u r e s  have occurred.  The 
remainder of t h e  75 f a s t e n e r s  was s tud i ed  v i s u a l l y  and metallogsaphicaZZy 
wi th  no evidence found of stress co r ros ion  c rack ing .  The stress c o r r o s i o n  
s t u d i e s  w i l l  be cont inued.  

B.  Eva lua t ion  of Foams f o r  A p p l i c a b i l i t y  a s  S-I1 Liquid  Hydrogen 
Tank I n s u l a t i o n  

1. Evalua t ion  of Coatings f o r  Spray Foam InsuLat ion 

E f f o r t s  a r e  cont inu ing  t o  f l n d  a coa t ing  f o r  t he  Nopco BX-250 
foam which w i l l  a f f o r d  some measur; of mechanical p r o t e c t i o n  ancl i n p e r r ; ? c a ~ ~ ; r r y  
t o  moisture ,  and which w i l l  n o t  undergo gross  F a i l u r e  & ~ r L n ;  t h e  therm;-  
vacuum a s c e n t  environment. To d a t e ,  no coa t ing  has  been foana tisat Loes 
n o t  s e p a r a t e  Erom t h e  foan  i n  l a r g e  b l i s t e r s  t h a t  a r e  p rog re s s ive ly  t-nLsrgelL 
by t h e  ou tgass ing  products  of t h e  foam. Tile Chem-Seal p r o d ~ c t  recomnendcd 
by t h e  s t a g e  c o n t r a c t o r  is  prone t o  c a t a s t r o ? h i c  f a i l u r e  dur ing  the  a s c e n t  
p r o f i l e ,  wi th  o r  without  an overcoat  of S jpa lon .  There have been r e p o r t s  t h a t  
t h i s  coa t ing  shows b e t t e r  h igh  temperature  performance a f t e r  ag ing  and t h i s  i s  
under s tudy .  

I n  a d d i t i o n  t o  s e v e r a l  Chem-Seal-coated pane ls ,  samples coa ted  wi th  
SR-539 ~ i l i c o n e ,  W-100 whi te  coa t ing  and whi te  Ted la r  f i l m  were eva lua t ed  
f o r  t h i s  a p p l i c a t i o n  wi th  v a r i a b l y  poor r e s u l t s .  These i r i ve s t i ga t i ons  wLll 
be  cont inued i n  an a t tempt  t o  l o c a t e  o r  develop a coziting which w i l l  seal 
t h e  Nopco BX-250 foam a g a i n s t  t h e  r i g o r s  of t es t ,  prelaunch and launch 
environments.  

2. Znves t iga t ion  of Sur face  Prfiparation Required f o r  3ondEn:r Yoam 
I n s u l a t i o n  t o  t t ~ e  ' X i n i - S t a ~ e  I' 

A number of s a m ~ l e s  having va r ious  p r e t r e a t r e n t s  t o  t h e  a i o d l n e  
c o a t i n g  was prepared and spray  foamed wi th  t h e  Nopco BX-250A foan,  as uescr ioed  
i n  t h e  previous r e p o r t .  Subsequent t e s t i n g  of t he se  f i r s t  samples y i e lded  
f l a t w i s e  t e n s i l e  s t r e n g t h s  averaging about 55 and 35 p s i  a t  room t e m p e r a a r e  
and -300°F (-184"C), r e s p e c t i v e l y .  Only foam breaks were obtained a t  t h e s e  
temperatures .  licwever, a t  l i q u i d  nydrogen temperature ,  adheslve f a i l u r e s  



were o b t a i n e d .  T h i s  p e c u l i a r  f a i l u r e  p a t t e r n  prompted a r e p e t i t i o n  of t h e  
t e s t s  w i t h  o t h e r  foam specimens.  Tescing s t  l i q u i d  hydrogen t empera tu res  
h a s  n o t  y e t  s t a r t e d ,  b u t  t h e  l a t e s t  samples have given r e s u l t s  comparable 
t o  t h e  f i r s t  s e r i e s  a t  -30OoF (-184OC) and room tempera tu re .  

3 .  E v a l u a t i o n  of t h e  E f f e c t s  of Heat and Vacuum on CPR-348-3 Foam 

The CPR-348-3 pour foam i s  used around t h e  feed  l i n e s  and i n  
t h e  b o l t i n g  r i n g  a r e a  of i n i t i a l  S - I 1  v e h i c l e s .  T e s t s  d e s c r i b e d  i n  t h e  
p r e v i o u s  r e p o r t  c o r r o b o r a t e d  r e p o r t s  from Korth American Rockwell (RAR) 
t h a t  t h i s  m a t e r i a l  d i s i n t e g r a t e s  and e j e c t s  f ragments  s i m i l a r  t o  popcorn 
under  h e a t  and vacuum c o n d i t i o n s .  During t h i s  p e r i o d ,  i d e n t i c a l  behav ior  
was observed i n  a sample of t h i s  foam prepared l o c a l l y  by Manufactur ing 
Engineer ing  L a b o r a t o r y .  E f f o r t s  a r e  c o n t i n u i n g  i n  a n  a t t e m p t  t o  i d e n t i f y  
t h e  a t t r i b u t e  o r  c o n s t i t u e n t  of t h i s  foam c o n t r i b u t i n g  t o  t h i s  unusual  
b e h a v i o r .  The p o s s i b i l i t y  of minimizing o r  c o n t r o l l i n g  t h i s  e f f e c t  by u s e  
of a b l a t i v e  o r  in tumescen t  o v e r c o a t s  i s  a l s o  b e i n g  s t u d i e d .  

C .  Removal of Cor ros ion  from S-11-F/D Vehic.le Tarks  

Work i s  i n  p r o g r e s s  t o  remove t h e  l;gh; c o r r o s i o n  and p i t t i n g  found 
i n  t h e  S-11-F/D l i q u i d  oxygen (LOX) t a n k .  Th is  cor ros io r ,  was observed oi-L 
+he  d o l l a r  weld of t h e  a f  t f a c i n g  s h e e t  of t h e  common bulkhead and tt,e 
u p w r  mer id ian  weld l a n d s .  The dep th  of p i t t i n 2  i n  t h e s e  a r e a s  ranged from 
O . O U i  t o  0 .010 i n c h .  These a r e a s  have been chemica l ly  e t c h e d  and r e a l o c i n e ~  
and w i l l  be reworked f u r t h e r  when a  f i r m  u s e  f o r  t h e  s t a g e  has  been e s t a b i i s h e d .  
An examina t ion  w i l l  be made of t h e  l i q u i d  hydrogen (Lh2) t ank  when t h e  s r a g e  
h a s  been placed i n  a h o r i z o n t a l  p o s i t i o n .  

D .  Developmental Welding 

I n v e s t i g a t i o n s  have con t inued  i n  an  a t t e m p t  t o  c o r r e l a t e  t h e  e f f e c t s  
of v a r i o u s  welding energy i n p u t s  and n a t u r a l  a g i n g  w i t h  t h e  performance 
c h a r a c t e r i s t i c s  of f u s e d  j o i n t s  i n  2014-T6 aluminum. During t h i s  r e p o r t  
p e r i o d  t e s t  weldments were made u s i n g  optimiim welding energy i n p u u f a s  has  
been p r e v i o u s l y  e s t a b l i s h e d )  t o  de te rmine  t h e  e r f e c t s  02 v a r y l n g  v o l t a g e  
a n d / o r  amperage upon t h e  q u a l i t y  of t h e  fused  j o i n t .  P r e l i r n l n a r y  recLir., 
o b t a i n e d  from weldments prepared of 31'8 inch  t h i c k  alumlratx a i l o y  2G14-:'C 
i n d i c a t e  t h a t  l i m i t e d  v a r i a t  i o a s  i n  v o l t a g e  a rd  /cr amperage produces v ~ k c i s  
h a v i n g  a  v a r y i n g  h e a t  a f f e c t e d  zone wid th .  Yowever, a l l  welds were sa t ; s -  
f a c t o r y  i n  appearance and r a d i o g r a p h i c  q u a l i t y  w i t h  no a p p a r e n t  d i f f e r e n c e s  
i n  j o i n t  s t r e n g t h .  S t a t i s t i c a l  methods a r e  b r i n g  used t o  e v a l u a t e  t h e  da ta  
i n  o r d e r  t o  e s t a b l i s h  optimum methods of p r o c e d ~ r e .  

E .  Development of S tandard  Nondes t ruc t ive  Techniques f o r  I n s p e c t i o n  
of I n e r t  Gas Welds of t h e  5-II 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 n o n d e s t r u c ~ i v e  
t echnology  f o r  i n e r t  gas  welds of t h e  S a t u r n  S - I 1  s t a g e  p r o p e l l a n t  thnks .  
The mos t e f f e c t i v e  t echn iques  a r e  t o  be opt imized and t h e i r  perfo.- imance i s  

t o  be e s t a b l i s h e d .  



The e f f e c t  of v a r i a t i o n s  i n  rad iographic  parameters on the  q u a l i t y  
of radiographs of a t y p i c a l  S- I1  p rope l l an t  tank weld has been s tud ied  
through experimental radiography.  Numerous exposures of t h ree  0.382-inch 
2014-T6 aluminum a l l o y  t e s t  weld panels have been made. These panels  have 
been programmed t o  con ta in  po ros i ty ,  c r acks ,  and l a c k  of fu s ion .  A c e r t a i n  
amount of a n a l y s i s  has been performed on t h e  f i lms  wi th  much more t o  fo l low.  
The d a t a  show exposures longer  than a r e  normally used i n  product ion and angle  
exposures which a r e  normally used i n  production f o r  d i a g n o s t i c  purposes only 
t o  i nc rease  t h e  d e t e c t i o n  c a p a b i l i t y  of radiography of t hese  welds.  Complete 
a n a l y s i s  w i l l  show the  degree of improvement. 

F .  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 the  coord ina t ion  and r e s o l u t i o n  of problem 
a r e a s  of a materials na tu re  r e l a t e d  t o  t he  S-I1 s t a g e .  During t h i s  r e p o r t  
per iod these  e f f o r t s  have included the  fol lowing:  

1. Pulsed Arc M I G  Welding; (PAMIG) 

The Space Divis ion of North American Rockwell, I nc .  (NAR/SD) 
has completed the  s tudy  of pulsed a r c  MIG welding (PAMIG) which was reques ted  
by t h i s  Center.  

On November 15-16, 1967, a j o i n t  meeting between the  c o n t r a c t o r  
and t h i s  Center was he ld  t o  review the  r e s u l t s  of t h e  progran and t o  access  
t h e  continued program proposed by NAR/SD. I n  b r i e f ,  the  conclusions 
reached on the  PAMIG study were: 

a .  The u l t ima te  t e n s i l e  s t r e n g t h  of PAMIG welded j o i n t s  is 
l e s s  than TIG a t  RT and -423°F and approximately equal  a t  -250°F. 

b .  Transverse e longat ion  va lues  of PAMIG welds is  approximately 
one-half t h e  va lue  of TIG welds except  a t  -423 where the  PAMIG welds are 
approximately 80 percent  of t he  TIG e longat ion  va lues .  

c .  Repair of PAMIG welds r e s u l t s  i n  more l o s s  i n  s t r e n g t h  
than  does r e p a i r  of TIG welds.  

d .  Weld o f f s e t  i n  PAMIG welds i s  g r e a t l y  reduced over t h a t  
encountered i n  TIG welds. 

e .  Equipment r e l i a b i l i t y  of both processes  i s  about equal .  

f .  The weld q u a l i t y  of both processes  is  approximately equal  
s i n c e  t h e  s u r f a c e  flaws (cracks and undercut) i n  PAMIG equals  t h e  i n t e r n a i  
q u a l i t y  encountered i n  TIG . 
Based on the  above conclusions i t  was recormended by NAR/SD t o  cont inue  
t h e  P M G  s tudy  on a l abo ra to ry  b a s i s  i n  an  a t tempt  t o  improve e longa t ion  
and e x t e r n a l  qua1 i t y  . 



2 .  Liquid Hydrogen Tank S t r e s s  Ee l i e f  Areas 

T e s t s  a r e  being made t o  determine the  design adequacy of t he  
doubler  s t r u c t u r e  a s  w e l l  a s  t he  i n s u l a t i o n  des ign  f o r  S-11-7. An ex tens ive  
program i s  i n  process  t o  determine the  s t r e s s  magnif icat ion r e s u l t i n g  from 
t h e  s t r e s s  r e l i e f  geometry. The latter is a j o i n t  program between the  s t a g e  
c o n t r a c t o r  (NARISD) and t h i s  Center and w i l l  be  completed p r i o r  t o  S-11-4 
launch,  w i th  c e r t a i n  phases of t h e  s tudy  t o  be completed t o  suppor t  a 
d e c i s i o n  f o r  a doubler  on S-11-4 p r i o r  t o  s t a t i c  f i r i n g .  The weld d e f e c t s  
i n  S-11-3 have been accepted by ma te r i a l s  review board a c t i o n ,  and thus  
w i l l  n o t  r e q u i r e  a doubler .  (R-P&VE-M and R-P&VE-S have concurred i n  t h e  
MR ac t ion . )  

3 .  Weld Cracks a t  Weld Crossovers 

The S-11-9 a f t  LOX bulkhead e x p e r i e n c d c r a c k s  a t  the  weld 
c rossovers  ( a t  t h e  junc tu re  of t h e  t h i c k  t o  t h i n  weld) a f t e r  h y d r o s t a t i c  
proof p re s su re .  One crack  was i n t e r n a l  and has caused cons iderable  
concern. A review of t h e  X-rays by t h i s  d i v i s i o n  has d i sc losed  t h a t  the  
c racks  occu r r ing  i n  bulkhead weld crossovers  co inc ide  wi th  "twinning" i n  
t h e  weld. ( 'Twinning" is  a p a r t i c u l a r  me ta l lu rg i ca l  s t r u c t u r e  encountered 
as a r e s u l t  of t h e  h e a t  and stress of welding and i s  r e a d i l y  ev iden t  by 
radiography.  It i s  a l s o  i n t e r e s t i n g  t o  no te  t h a t  t h i s  c racking  is i d e n t i c a l  
t o  t h e  c rack  i n  t he  LH2 tank crossover  weld t h a t  occurred i n  S-11-6 
(pos t  pneumostat) having t h e  same degree of twinning. S tudies  completed 
i n  t h i s  d i v i s i o n  some years  ago ind ica t ed  t h a t  a s  weld speed is  increased  
twinning becomes apparent  i n  t he  s t r u c t u r e  and f u r t h e r  i nc reases  of speed 
induce weld c racks .  While twinning i t s e l f  has no t  been considered d e t r i -  
mental ,  i t  is  an i n d i c a t i o n  t h a t  t he  weld speed is  approaching a l i m i t  be- 
yodwhich  cracks  w i l l  r e s u l t .  By reducing the  speed t o  e l imina te  twinning, 
i t  may be poss ib l e  t o  e l imina te  t h e  crossover  c racking  problem. The s t a g e  
c o n t r a c t o r  has  been s o  advised and w i l l  i n v e s t i g a t e  t h i s  s o l u t i o n .  

4 .  Spray Foam I n s u l a t i o n  

The s t a g e  con t r ac to r  has  shown cons iderable  progress  i n  
manufacturing improvements on spray  foam i n s u l a t i o n .  The t o o l i n g  and 
sp ray  equipment toge ther  with personnel experience has reduced the  
number of PR's per cy l inde r  by approximately 75 percent  and i n  some 
c y l i n d e r s  t h e r e  a r e  no MR a c t i o n s .  The most r e c e n t  a t tempt  t o  q u a l i f y  
t h e  Binks spray  gun was n o t  succes s fu l  b u t  with t h e  Lemco spray  gun 
performing s o  we l l  t h e r e  is  no major concern. 

Because of t h e  i n - f l i g h t  shedding problem wi th  p re sen t  pour 
foam ( type 348)  NARISD has explored pouring the  Nopco BX250 spray  foam. 
Technica l  problems i n  maintaining a proper d e n s i t y  a t  t he  m e t a l  s u r f a c e  
have precluded i ts q u a l i f i c a t i o n  f o r  immediate use .  However, t h e  Nopco 
249 pour foam has shown cons iderable  promise. Tes t s  have. i nd ica t ed  t h a t  
t h e  l a t t e r  pour foam w i l l  no t  shed i n  f l i g h t  and w i l l  pass s t r u c t u r a l  
q u a l i f i c a t i o n  . 



The most recent  i n su l a t i on  coat ing composite <3 coa ts  of 
Chemseal and one coat  of Hypalon) has f a i l e d  t o  pass the  a l t i t u d e  hea t  
p r o f i l e  a f t e r  having passed seve ra l  times before.  The recent  f a i l u r e s  
have been unexplained by NARISD. However, cont rac tor  personnel be l ieve  
i t  may be r e l a t e d  t o  d i f fe rences  i n  coat ing thickness as  appl ied a t  
d i f f e r e n t  manufacturing times . Within the pas t  two weeks, NAR/SD has 
developed a seemingly b e t t e r  composite cons is t ing  of t he  3 coa ts  of 
Chemseal and two coats  of Dynatherm. Tes t s  ( a l t i t u d e  and hea t )  conducted 
a t  both NARISD and t h i s  Center have indicated t h a t  t h i s  composite has 
promise. It has been agreed t h a t  both p a r t i e s  would a s s i s t  i n  eva lua t ing  
t h i s  i n  order  t o  support an e a r l y  dec is ion  da t e  fo r  appl ica t ion  t o  S-11-8 
and S-11-9. 

I V .  S-IVB Stage 

A. Study of Mater ia ls  Problems Attendant t o  the  S-IVB Workshop Pro~zlam 

1. Study of Flammability of Mater ia ls  

Inves t iga t ions  have continued i n  the  determination of t h e  e a s e  
of i g n i t i o n  and flammability of var ious inater ia ls  proposed o r  considered 
f o r  use i n  t he  S-IVB Workshop. 

An au to igni t ion  t e s t  chamber and a l l  supporting components 
including a spark i g n i t i o n  source have been fabr ica ted ,  assembled, and 
qua l i f i ed  f o r  operation. A t e s t  program has been i n i t i a t e d  t o  descr ibe  
combustion c h a r a c t e r i s t i c s  of mater ia ls  proposed f o r  spacecraf t  environ- 
ment appl ica t ions .  Data t h a t  a r e  t o  be determined experimentally f o r  
each mater ia l  a r e :  (a) combustion products,  (b) f l a s h  point ,  (c) f i r e  
po in t ,  (d) au to igni t ion  temperature, (e) flame temperature, and ( f )  p ressure  
and temperature p ro f i l e s  wi th in  t e s t  chamber. The l i s  ted tests normally 
w i l l  be conducted i n  an atmosphere of oxygen a t  6.2 ps ia .  Addit ional ly ,  
thermal analyses of each mater ia l  a r e  being made a s  follows: 

a .  DTA, d i f f e r e n t i a l  thermal ana lys i s  - r eac t ion  versus 
temperature. 

b. TGA, thermogravimetric ana lys i s  - weight l o s s  versus  
temperature. 

c .  TMA, thermomechanical ana lys i s  - glass  t r a n s i t i o n  
temperature, sof ten ing  point .  

I n  the i n i t i a l  phase of t h i s  program, over 25 samples of 
mate r i a l s  have been obtained fo r  t e s t i n g .  The thermal analyses have 
been completed on e i g h t  specimens and a r e  continuing on the  remaining 
samples. I gn i t i on  temperatures, flame temperatures, combustion products,  
e t c .  are being determined fo r  one mater ia l  a t  a t i m e  on a d a i l y  b a s i s .  
These d a t a  combined with flame r a t e  d a t a  should w e l l  de f ine  t h e  combustion 
cha rac t e r i s  t i c s  of each mater ia l .  



Eleven samples were eva lua ted  f o r  f lammabil i ty  i n  accordance 
with the  provis ions of MSC-A-D-66-3, Revision A. These samples were 
s i l i c o n  rubber  type  GE SE-517 and "Penton" (ch lor ina ted  polyethylene)  
i n  1 0  d i f f e r e n t  th icknesses  (between 0.005-inch t o  0.10-inch). 

During t h i s  per iod ,  a  test s e r i e s  was s t a r t e d  t o  determine 
t h e  f lammabil i ty  of 60 percent  methyl alcohol-40 percent  water s o l u t i o n s .  
T e s t s  conducted on t h e  bulk  l i q u i d  i n d i c a t e s  t h a t  t h i s  s o l u t i o n  w i l l  i g n i t e  
t and cont inue  t o  burn i n  a i r .  

2. Study of t he  Outgassinp C h a r a c t e r i s t i c s  of O r b i t a l  Workshop 
Mate r i a l s  

S tudies  have continued i n  the  de te rmina t ion  of t h e  r a t e  of 
ou tgass ing  of  hydrogen from t h e  i n t e r n a l  i n s u l a t i o n  of the  O r b i t a l  Workshop. 

A sample of t he  3-D i n s u l a t i o n  was punctured j u s t  through t h e  
s e a l  coa t  t o  cont inue  the  s tudy  of d i f f u s i o n  i n t o  t h e  i n s u l a t i o n .  When 
t h e  vacuum apparatus  w a s  set up it was found t h a t  the  i o n i z a t i o n  gauge 
c o n t r o l l e r  d i d  n o t  func t ion  proper ly .  The u n i t  has  been s e n t  t o  t he  
C a l i b r a t i o n  Lab f o r  r e p a i r s .  The des ign  of t h e  test  chamber f o r  t h e  
s tudy  of permeat ion-diffusion of hydrogen i n t o  the  3-D i n s u l a t i o n  has been 
completed. We w i l l  modify the  e x i s t i n g  chamber t o  conduct t hese  z e s t s .  
It i s  planned t h a t  the  chamber w i l l  be i n s u l a t e d  e x t e r n a l l y  -co slow down 
t h e  bo i l -o f f  of l i q u i d  hydrogen. The chamber i s  t o  be inve r t ed  s o  t h a t  
t h e  Orbi tal  Workshop i n s u l a t i o n  w i l l  be a t  t he  bottom of t h e  tank ( i n t e r n a l l y )  
t o  provide f o r  l i q u i d  hydrogen soak. 

S-IVB 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  materials na tu re  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  
per iod  t h e s e  e f f o r t s  have included t h e  following: 

1. Korotherm I n s u l a t i o n  on S-IVB Stages 

The d e f e c t i v e  Korotherm i n s u l a t i o n  on S-IVB-204 w i l l  be 
r e fu rb i shed  i n  a manner s i m i l a r  t o  t h a t  formerly repor ted  f o r  S-IVB- 
501 and S-IVB-502. For S-IVB-205 and subs and f o r  S-IVB-503 and subs ,  
however, a l l  of t he  Korotherm w i l l  be removed and rep laced ,  and an 
appropr i a t e  s e a l e r  w i l l  be appl ied t o  preclude f u r t h e r  damage of t h e  Korotherm 
i n s u l a t i o n  by water through the  s e a l  c o a t ,  

2. Defect ive Liquid Hydrogen Tank I n s u l a t i o n  

The S-IVB Stage Manager has been requested t o  ob ta in ,  f o r  
review by t h i s  d i v i s i o n ,  a w r i t t e n  con t r ac to r  r e p o r t  on t h e  complete 
s t o r y  of d e f e c t i v e  3-D i n s u l a t i o n  i n  the  l i q u i d  hydrogen tank  of S-IVB 
s t a g e s ,  inc luding  a  mapping of d e f e c t s  i n  a l l  scages involved, an 
exp lana t ion  of the  b a s i s  upon which t h e  con t r ac to r  judged a f f e c t e d  a r e a s  
t o  be acceptab le  o r  nonacceptable,  f o r  f l i g h t  a p p l i c a t i o n s ,  and d e t a i l e d  
d e s c r i p t i o n s  of t h e  a c t i o n s  taken by t h e  con t r ac to r  t o  c o r r e c t  unacceptable  



cond i t i ons  of t he  3-D foam. Upon r e c e i p t  of t h e  reques ted  r e p o r t ,  a  
d e c i s i o n  w i l l  be made a s  t o  t he  t echn ica l  adequscy of  t h e  c o n t r a c t o r ' s  
recommendations r e l a t i v e  t o  t h e  d e f e c t i v e  i n s u l a t i o n .  

A f a i l u r e  has  occurred i n  the  B e l l e v i l l e  s p r i n g  i n  t h e  r e g u l a t o r  
o f  t he  1B42290 l i q u i d  oxygen (LOX) tank p r e s s u r i z a t i o n  module. Th i s  f a i l u r e  
was a t t r i b u t e d  t o  stress co r ros ion .  

The s t a g e  c o n t r a c t o r  is  working with t h e  s p r i n g  vendor on a  
non-s t ress  co r ros ion  s u s c e p t i b l e  B e l i e v i l l e  s p r i n g  m a t e r i a l  f o r  use  i n  t h e  
LOX tank p r e s s u r i z a t i o n  module, 1B42290, and the  co ld  helium dump module, 
1B57781. Development t e s t i n g  w i l l  be conducted by t h e  vendor t o  ensu re  
m a t e r i a l  adequacy, and, upon completion of t he se  tests, 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  change t o  a new s p r i n g  ma te r i a l ,  probably Inconel  
718. Submission of t h i s  ECP i s  expected e a r l y  i n  December. 

The s t a g e  c o n t r a c t o r  cons iders  t h i s  an  improvement change n o t  
r e q u i r i n g  r e t r o f i t  f o r  d e l i v e r e d  s t a g e s .  The same type  of s p r i n g  f a i l u r e  
on a  f l i g h t  s t a g e  would r e s u l t  i n  a  s l i g h t  p r e s su re  decay i n  t h e  LOX tank  
du r ing  s tar t  t r a n s i e n t .  The s t a g e  c o n t r a c t o r  has determined. a n a l y t i c a l l y  
t h a t  such p re s su re  decay i s  accep tab l e  f o r  both cap t ive  f i r i n g  and launch 
of t h e  s t a g e .  

4 .  Reinforcement of Plain and P;clxillary Tunnel C l ip s  

The method of bonding iunnel  s ~ ~ p p o r t s  t o  t h e  l i q ~ i d  hyarogen 
tank  has  been r ev i sed  t o  add a  f i b e r g l a s s  doubler  ac ros s  each tunne l  
suppor t  and onto t h e  LH2 tank.  Th i s  should e l imina t e  unbonding of suppor t  
f i n g e r s  a s  experienced on S-ID-501. 

5 ,  Review of Ma te r i a l s  Compat ib i l i ty  i n  S-IVB Stage Oxygen Systems 

The S-IVB s t a g e  c o n t r a c t o r  has  been reques ted  t o  review a l l  oxygen 
systems of t h e  s t a g e ,  inc lud ing  s t o r a g e  an< t r a n s f e r  syscems, f o r  which the  
c o n t r a c t o r  i s  r e spons ib l e ,  and t o  r e p o r t  t o  t h i s  d i v i s i o n  t h e  u t i l i z a t i o n  of 
any and a l l  m a t e r i a l s  t h a t  a r e  n o t  compatible wl th  l i q u i d  oxygen as de f ined  
by IGFC-SPEC-lO6B. I n  response t o  t h i s  r e q u e s t ,  t h e  c o n t r a c t o r  propose6 
t o  canduct t h l s  i n v e s t i g a t i o n  a t  an  es t imated  c o s t  of $84,000 and t o  submzt 
a  r e p o r t  of f i nd ings  by February 5, 1968. 

6 .  Prepara t ion  of Welds f o r  Dye Pene t ran t  In spec t ion  

As  a r e s u l t  of d e t a i l e d  i n v e s t i g a t i o n s  by t h l s  d i v i s i o n ,  "Le 
S-IVB s t a g e  c o n t r a c t o r  has  been reques ted  t o  machine welds t o  a  25-40 
RMS f i n i s h  and t o  e t c h  t h e  machined su r f ace  f o r  1 5  minutes p r i o r  t o  dye 
pene t r an t  i n spec t ion  of  the  weld. The s t a g e  c o n t r a c t o r  has  proposed t o  
comply with t h i s  requirement a t  an e s t i n a t e d  r e c u r r i n g  c o s t  of $28,000 
per  s t a g e .  

L iquid  Hydroven Tank I n t e r n a l  Eount icg Brackets  

There a r e  92 epoxy-glass mounting b r s c k e t s  i n  t h e  LH2 tank of 
each S-IVB s t a g e .  F i a m a b i l i t y  t e s t i n g  of t he se  b racke t s  revea led  them t o  
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be  unacceptable  f o r  OW'S a p p l i c a t i o n s .  Thus, a c t i o n  has been taken t o  have 
t h e  glass-epoxy bracke ts  rep laced  wi th  metal b racke t s ,  perhaps aluminum. 

8. Evaluat ion of l43-19 Thernal  Control  Coat ing 

Flammability tests of t y p i c a l  S-IVB s t a g e  l i q u i d  hydrogen tank  
i n s u l a t i o n  specimens having a f i r e  r e t a r d a n t  l i n e r  of  2-mil aluminum f o i l  
and a thermal c o n t r o l  coa t ing  of MD-19 r e v e a l  t h a t  t h e  f i r e  r e t a r d a n t  l i n e r  
i s  enhanced by t h e  MD-19 coa t ing .  However, f i n a l  acceptance of t h e  MD-19 
c o a t i n g  f o r  O r b i t a l  Workshop a p p l i c a t i o n s  is  awai t ing  r e c e i p t  and approval  
of material and process  s p e c i f i c a t i o n s  and cryogenic t e s t i n g  i n  t h e  3-foot  
dome f a c i l i t y  a t  Sacramento. 

9. The fo l lowing  documents were reviewed: 

a. AAP-2 General T e s t  Plan,  Revision A 

b .  OWS De l t a  PDR Data Package, Document No. 208-07-00011C 

c .  MDC MS STM0375, "Lubricant,  So l id  Film, Extreme Environment" 

d .  PCP-904'0, "Study of GOX and LOX Systems i n  Stage and GSE" 

e. ECP-2597C, 'Reinforcement of Main and Auxi l ia ry  Tunnel. C l ip s"  

f .  ECP-2584, "Improvement of Korotherm Primer" 

g. Mart in  Marietta Corporation Contract  NAS8-21004, Phase C 
Ex t e n s  ion .  

V. F-1 Engine 

A. I n v e s t i g a t i o n  of ~ n s u l a t i o n s  f o r  Use on F-1 Enpine Components 

A sample of F-1 engine i n s u l a t i o n  has remained exposed t o  o u t s i d e  
humidi ty s i n c e  t h e  last  r e p o r t i n g  period wizhout any measurable change i n  
weight .  This  v e r i f i e s  earlier experiments which ind ica t ed  t h a t  gross  c o n t a c t  
by l i q u i d  water i s  necessary t o  t o t a l l y  s a t u r a t e  t he  R e f r a s i l  materiai on 
t h e  i n t e r i o r  of t h e  i n s u l a t i o n .  The measures being taken t o  a l l ev i a t e .  t h i s  
problem appear adequate .  

B . F-1 Engine, P r o i e c t  Management, i4aeer ials 

The F-1 engine con t r ac to r  has  completed a s p e c i a l  r e sea rch  funded 
program on Rene' 4 1  a l l o y .  It w a s  determined t h a t  s i g n i f i c a n t  improvements 
can be made wi th  r e s p e c t  t o  s t r a i n  age cracking of t h i s  ma te r i a l  i n  t h e  F-1 
eng ine  through the  use  of improved h e a t  t reatment  procedures.  E f f o r t s  are 
being made t o  in t roduce  these  procedures i n t o  the  F-1 product ion schedule 
as soon as poss ib le .  One important a spec t  noted i n  t h e  s tudy  was t h e  g r e a t l y  
improved d u c t i l i t y  of Rene' 4 1  when h e a t  t r e a t e d  i n  an  argon atmosphere 
r a t h e r  than i n  air. 



V I .  5-2 Engine, Projec t  Management, Materials  

I n  conjunction with t h e  Propulsion Division, e f f o r t s  a r e  being made t o  
minimize the  use of materials  incompatible with l i q u i d  oxygen f o r  5-2 
insu la t ion .  Additionally, the  contrac tor  has been requested t o  evaluate  
t h e  flammability c h a r a c t e r i s t i c s  of these materials  i n  accordance with 
es tabl ished procedures. 

V I I  . Instrument Unit 

A. Evaluation of Diffusion-Bonded Tube J o i n t s  f o r  Use i n  the  Environmental 
Control Sys t e m  of the Instrument Unit 

Tubular j o i n t s  made by s i l v e r  d i f fus ing  aluminum (6061) t o  s t a i n l e s s  
steel (300 s e r i e s )  a r e  being evaluated f o r  r es i s t ance  t o  corros ion i n  
inh ib i t ed  and uninhibited methanollwater solut ion.  Tests  have been completed 
i n  t h i s  evaluation by exposing specimens f o r  120 hours t o  both uninhibited 
and inh ib i t ed  methanollwater solut ion.  These specimens a r e  being examined 
meta l lurgica l ly  t o  determine the  depth of a t t a c k  and a l s o  t o  see i f  the 
j o i n t  has been adversely a f fec ted  by the  me thanollwater so lu t ions .  

B. Study of Possible Gas Evolution i n  the Environmental Control System 

Exposure of LA141 and 2024 aluminum i n  d i s t i l l e d  water containing 
250 ppm and 1000 ppm of sodium dichromate (Na2Cr207) was discontinued a f t e r  
90 days. The hydrogen gas produced i n  most t e s t s  w a s  neg l ig ib le  with the  
exception of 2024 i n  250 ppm Na2Cr207 which produced 28 n i l l l l l t e r s  of 
gas, and the  coupled LA141 - 2024 i n  1000 ppm Na2Cr207 wi~ich produced 44 
mil l i l i ters  of gas. New tests are being planned using LA141, 6061 aluminum, 
and sect ions  of Avco cold p l a t e  t o  v e r i f y  the  previous d a t a  and t o  inves t i -  
ga te  i n h i b i t o r  concentration, hydrogen evolution,  pH and so lu t ion  decomposition. 

V I I I .  Apollo Telescope Mount (ATM) 

A. Inves t igat ion of Contamination and Contamination Sources 

Inves t igat ions  have continued i n  the determination of poss ib le  
contamination of the o p t i c a l  environment of the ATM experiment, both 
by d i r e c t  deposit ion of contaminant mater ia ls  on o p t i c a l  surfaces and 
by degradation of the  view a rea  of the  equipment. A l l  mater ia ls  a r e  
t e s t e d  i n  accordance with the Materials  Proper ty .Cr i ter ia  esrabl ished 
i n  the  Materials  Managemenr Plan f o r  ATM contamination. To be acceptable,  
a mater ia l  must have a maximum r a t e  of weight l o s s  during temperature 
cycl ing from 25" t o  100°C which does not  exceed 0.2 percent/cm2/hr. 

Fourteen mater ia ls  were evaluated i n  vacuum (10'7 t o r r )  t o  100°C 
by making continuous weight l o s s  determinations and per iodic  mass scans 
on each material .  Materials  of p a r t i c u l a r  i n t e r e s t  with test r e s u l t s  
a r e  a s  follows: 



Epoxy-coated g l a s s  412525, 2-93 pa in t  d,67-7-26-3, nylon r ibbon EM46, 
Type K-1, B a l l  Brothers  ' P a i n t ,  Type D8B #67-8-3-3, Armstrong X-300 and 
RTV 60 have acceptab le  outgass ing  c h a r a c t e r i s t i c s  f o r  use on ATM. Dacron 
l a c i n g  t ape  S t u r  D,  Lace H, S t y l e  20 and Mylar Scotch wi th  backing {I56 were 
s t a b l e  t o  50°C b u t  as t h e  temperature increased  above 80°C the  ma te r i a l s  
outgassed excess ive ly .  The l a r g e  outgass ing  rate f o r  t h e  Mylar Scotch is 
a t t r i b u t e d  mainly t o  t he  adhesive backing. Glass laminate  base EM-88 CL-4 
s h e e t  and Nylon rod MIL-P-20693 Type I a r e  marginal wi th  r e s p e c t  t o  vacuum 
temperature s t a b i l i t y .  

The a p p l i c a t i o n  of t hese  materials w i l l  be .determined by t h e  ATM 
Materials Control  Board. RTV-577 s i l i c o n e  adhesive does n o t  meet t h e  
weight  l o s s  c r i t e r i a  as e s t a b l i s h e d  f o r  t h e  ATM and i s  acceptab le .  The 
material can be made accep tab le  from t h e  view of outgass ing  contamination 
by baking the  m a t e r i a l  i n  vacuum a t  100°C f o r  72 hours a t  1 X 10'6 t o r r ,  
however, t h e  material becomes tacky dur ing  t h i s  t rea tment .and ,  t h e r e f o r e ,  
is s t i l l  unacceptable .  

Epibond 101 adhesive a l s o  was found t o  be unacceptable  a t  100°C. 
Th i s  m a t e r i a l  is used i n  t h e  s o l a r  c e l l  assembly t o  bond Micoply t o  t h e  
honeycomb s u b s t r a t e .  The ATM Mate r i a l s  Control  Board has expressed a 
d e s i r e  t o  u se  t h i s  ma te r i a l  i f  pos s ib l e  because of i t s  adhesive p r o p e r t i e s  
and t h e  c o n t r a c t o r ' s  favorable  experience i n  applying the  m a t e r i a l .  
Therefore ,  a s e c t i o n  of a s o l a r  a r r a y  w i l l  be placed in a vacuum chamber 
and t h e  outgassed material from t h i s  a r r a y  w i l l  be monitored wi th  a 
r e s i d u a l  gas ana lyzer  t o  determine the  contamination p o t e n t i a l .  

A pre l iminary  l i s t  was made of 17 ma te r i a l s  t h a t  exh ib i t ed  
accep tab le  weight  l o s s  i n  Phase I tests. These materials w i l l  be  sub jec t ed  
t o  a r edepos i t i on  test. RTV 118 w a s  t e s t e d  f o r  r edepos i t i on  c h a r a c t e r i s t i c s .  
The sample was hea ted  t o  50°C and 100°C a t  lom7 t o r r .  No v i s i b l e  f i l m  was 
depos i t ed  on t h e  g l a s s  s l i d e  i n  t he  test chamber and no s i g n i f i c a n t  change 
i n  e l e c t r i c a l  r e s i s t a n c e  between two e l ec t rodes  on t h e  s l i d e  was noted.  
Therefore ,  RTV 118 is  a l s o  acceptab le  i n  accordance wi th  Phase I1 of t h e  
Mate r i a l s  Property Criteria. 

B.  Evalua t ion  of D i r e c t  Current  Motors f o r  Use on N M  

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 deveiop- 
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  c u r r e n t  to rque  motors i n  
t h e  ATM systems. 

The brush system f o r  t h e  In land  Motor Company 7 f t / l b  h igh  teinpera- 
t u r e  motor t h a t  was r epo r t ed  last  month has been redesigned t o  provide a 
brush load  of approximately 6 p s i  on The Boeing Company brush m a t e r i a l ,  
046-45. The motor is  now d r i v i n g  a genera tor  th rou  h a d i r e c t  s r gea r  
system i n  a vacuum environment t h a t  ranges from t o r r  t o  1 0 - y t o r r .  
The motor is ope ra t ing  wi th  20 v o l t s  and approximately 1.5 ampere inpu t .  
The genera tor  f i e l d  amperage i s  0.5, t he  output  amperage i s  approximately 
1 .0  and t h e  output  v o l t a g e  is  0.35. The d r i v e r  gear  and the  d r iven  gear  
are made of a l t e r n a t e  laminated s h e e t s  of 316 s t a i n l e s s  s t e e l  and Tef lon .  
A molybdenum disu1fi.de (MoS2) spray  l u b r i c a n t  w a s  appl ied  t o  t h e  gear  
t e e t h  be fo re  assembly. This  system has now been ope ra t ing  f o r  approximately 



78 hours and the components appear t o  be functioning s a t i s f a c t o r i l y .  Tes t ing  
w i l l  continue u n t i l  a modified system has been completed whereby another  
Inland motor can be used a s  a loading device t o  replace  the  bulky generator .  
This  should be completed i n  a few days. A system s i m i l a r  t o  t h i s  is opera t ing  
a t  ambient condit ions a t  present  and a comparison w i l l  be ava i l ab le  wi th  the  
one i n  vacuum. 

C. Inves t iga t ion  of ATM Bearing Lubricat ion 

Studies a r e  i n  process t o  .p rwide  lubr i can t s  f o r  the  Apollo Telescope 
Mount system which w i l l  not  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. 

The test on the  torque d r ive  t e s t  system from the  Bendix Company 
t h a t  was running i n  a vacuum of 10-7 t o r r  and a t  temperatures of about 
95OF (35OC) was stopped because of excessive brush wear on the  7 f t / l b  
Inland d r i v e  motor and the  Inland tachometer motor. The test l a s t e d  f o r  
approximately 30 days ins tead  of the  intended 60 days. The system was 
disassembled and t h e  Inland motors were replaced with new motors containing 
The Boeing Company compact mater ia l  brushes designated 046-45. This 
ma te r i a l  i s  expected t o  l a s t  longer than the  niobium d i se len ide  and si lver 
brushes i n  the  old motors. The system i s  now reassembled and pumpdown 
has s t a r t e d  on the  vacuum system. 

D. Inves t iga t ion  of Thermal Control Materials  f o r  the  ATM 

Ef fo r t s  have continued i n  the  evaluat ion of thermal cont ro l  coat ings  
f o r  app l i ca t ion  on Apollo Telescope Mount (ATPI) components. Work has been 
undertaken t o  s e l e c t  white pa in t s  s u i t a b l e  f o r  s t e n c i l i n g  connector designa- 
t i o n s  on various ATM black boxes. White pa in ts  se lec ted  f o r  t h i s  app l i ca t ion  
must have the  des i red  outgassing c h a r a c t e r i s t i c s  and must be capable of 
app l i ca t ion  over the  Cat-A-Lac f l a t  black pain t  No. 463-3-8, which is used 
f o r  pa in t ing  the  black boxes t o  provide the  r e q u i s i t e  o p t i c a l  p roper t i e s .  
S-13G thermal con t ro l  coat ing  i s  s u i t a b l e  f o r  t h i s  app l i ca t ion  provided a 
primer is used. Other white pa in ts  being evaluated include Cat-A-Lac f l a t  
white pa in t  No. 463-1-500 and Car ro l l  white No. 1013 manufactured by t h e  
Finch Paint  and Chemical Company and Car ro l l  Products,  Incorporated, 
r e spec t ive ly .  

Preformed blocks of Nopco BX-250-A foam were coated with Cat-A-Lac 
f l a t  black pa in t  No. 463-3-8. There were no problems encountered i n  
applying the  pain t  t o  the  foam, and the  pain t  appeared t o  be w e l l  bonded 
t o  the  foam. Samples of the  painted foam have been submitted t o  the  Chemistry 
Branch f o r  s o l a r  absorptance and toZal normal emittance determinations.  
This  work i s  being done i n  support of the  quar t e r  spa r  thermal tests. 

I X .  Nuclear Vehicle Technology 

In-house and contrac tual  s tud ies  a r e  being pursued t o  develop the  
ma te r i a l s  technology required t o  support the  Nuclear Ground Tes t  Module 
Program. Spec i f i ca l ly ,  the  areas of cryogenic insu la t ion ,  valve s e a l s ,  
t ransducer mater ia ls ,  gimbal and bearing lubr i can t s ,  and induced neutron 
a c t i v a t i o n  a r e  being inves t iga ted .  



Because of the  u n c e r t a i n t i e s  with r e s p e c t  t o  funding thus f a r  i n  t h i s  
f i s c a l  year  planning f o r  cont inuing  a c t i v i t i e s ,  both c o n t r a c t u a l l y  and 
in-house, has been l i m i t e d .  However, reasonably f i rm gu ide l ines  have been 
rece ived  concerning EY-68 funding under t h i s  program and a c t i o n  has been 
i n i t i a t e d  t o  cont inue t h e  suppor t ing  r e sea rch  e f f o r t  a t  General ~ ~ n a m i c s /  
F o r t  Worth. 

In-house a c t i v i t i e s  have continued i n  t h e  development and eva lua t ion  
of l u b r i c a n t  systems i n s e n s i t i v e  t o  r a d i a t i o n .  Due t o  t he  time r e l a t e d  
n a t u r e  of t hese  tests t h e r e  a r e  no new d a t a  t o  r e p o r t  a t  t h i s  t ime. 

ADVANCED RESEARCH AND 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 he  a r eas  of technology 
and wi th  the  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 

B .  Adhesive Development 

1. Narmco Research and Development, NAS8-11068 
, 2. Monsanto Research Corporat ion,  NAS8-11371, NAS8-20402, NAS8-20406 

Developmental Welding 

The Boeing Company, NAS8-20156 

Thermal Control Coatings 

The Boeing Company, NAS8-21195 

E .  Phys ica l  and Mechanical Metallurgy 

B a t t e l l e  Memorial I n s t i t u t e ,  NAS8-20029 

F .  Composite Mater ia l  Developrent and Tes t ing  

1. So la r ,  Div is ion  of I n t e r n a t i o n a l  Harves te r ,  I nc . ,  NAS8-21215 
2. Mitron, Research and Development Corporation, NAS8-20609 
3 .  McDonnell Douglas Corporat ion,  NAS8-21083 
4 .  Babcsck and Wilcox Company, NAS8-21186 

Lubr icants  and Lubr i c i ty  

I '  Midwest Research I n s t i t u t e ,  NAS8-21165 
2. The Boeing Company, NAS8-21121 
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H. Corrosion in Aluminum and Steel 

1. Aluminum Company of America, NAS8-20396 
2. National Bureau of Standards, GO-H2i51A 
3. Northrop Corporation, NAS8-20333 
4. Tyco Laboratories, Inc., NAS8-20297 
5. Kaiser Aluminum and Chemical Company, NAS8-20285 
6. North American Aviation, Inc., NAS8-20471 
7. Hercules, Inc., NAS8-21207 

Standard Research Institute, NAS8-20220 

J. Synergistic,Effects of Nuclear Radiation, Vacuum, and Temperature 
on Materials 

1. General Dynamics Corporation, NAS8-18024 
2. Hughes Aircraft Company-, NAS8-21087 
3. IIT Research Institute, NAS8-21031 

K. Instrument Development 

1. Battelle Memorial Institute, NAS8-11891 
2. Canadian Commercial ~or~oration, NAS8-20529 

11. General - In-House 
A. Development of Hig? Temperature Resistant Polymers 

Continued effort has been devoted to the developnent of improved 
crosslinking systems for the aryloxysilanes, silphenylenesiloxanes, and 
polymers of related structure. 

The previous crosslinking studies of an aryloxysilane polymer 
modified by incorporation of an allyl-containing diol, 

showed that 25 mole percent of the olefin-bearing monomer is sufficient to 
yield a crosslinked polymer which is infusible at 250°C. A modified 
aryloxysilane polymer illustrated below, 



has been prepared which contains 25 mole percent of a vinyl-bearing moiety. 
This polymer together with the silphenylene hydride crosslinking system 
can be freeze-dried to yield a powdered, catalyzed mix which can be molded 
and cured in a single operation. A very small amount of the dihydride 
crosslinking agent has been observed in the benzene recovered after the 
freeze-drying process. The use of hydrides with lower vapor pressures 
is being investigated, since loss of even a small amount of dihydride 
from the polymer formulation would result in a serious imbalance in the 
crosslinking stoichiometry. Two compounds which are being investigated 
for this purpose are illustrated below: 

Current attempts to vulcanize or crosslink the polysi lphenylenesi loxane 
elastomer by way of a millable formulation have been directed toward 
incorporation of a small number of 2-styryl groups along the polymer 
chain. The preparation of a suitable comonomer, pvinylphenylmethyl-bis- 
(dimethylamino)silane, 

I 
C H 2 = C H - 0 -  - Si- CH3 

I 

has been attempted by condensation of the Grignard reagent of 2-bromostyrene 
with excess trichloromethylsilane and subsequent treatment of this condensa- 
tion product with dimethylamine. A pale yellow oil, boiling at 94-98'C/0.5 
torr, has been recovered and is presently being characterized. The styryi 
group has a considerably higher reactivity toward peroxide initiated addition 
polymerization than the -Si-CH=CH2 or -CGH~-CH~CH=CH~ groups, and siiphenyl- 
enesiloxane polymers containing the styryl configuration should be more 
readily crosslinked with standard peroxide catalysts. 

B. Development and Characterization of Phosphonitriiic Polymers 

The product obtained from the reaction of 2,4,6,8-tetrachloro-2,4,6,8- 
tetra(2',4'-di-tert-butylphenoxy)tetraphosphazine with excess monomethylamine, 
was induced to crystallize through trituration with cold water. After being 
dried k v a c u o  over sodium hydroxide pellets, the white solid had a melting 
range of 70-75OC. No satisfactory solvent or combination of solvents could 
be found that was suitable for recrystallization of this material. The 
infrared spectrum and elemental analyses confirmed the identity of the 
compound as P4N4 (HNCH3)4 (OR)4. 



The compound was a l s o  submit ted f o r  3 ' ~  rnagnet i .~  resonance da;a t o  
t h e  Chemistry Branch i n  o rde r  t o  ob t a in  s p e c t r a  f o r  de te rmina t ion  of t h e  
number of phosphorous environments presen t  i n  tk,e molecule. Absolute genina; 
o r  non-geminal s t r u c t u r a l  assignment of t h e  molecule cannot  be made u n t i l  
t h e s e  d a t a  a r e  rece ived  and analyzed. 

I n  a  p a r a l l e l  e f f o r t  t o  prepare non-geminally s u b s t i t u t e d  t e t r a -  
phosphazines,  t h e  h igh ly  hindered a l coho l ,  t r i pheny lca rb ino l ,  was prepared 
through t h e  r e a c t i o n  of phenylmagnesium bromide wi th  e thy lbenzoa te :  

2 0MgBr + C6H5Co2C2H5 - ( C , C ~ H ~ ) ~  COMgBr + MgBrOC2H5 

(C6H5)3 COMgBr , (C6Hg)3COH + MgBrOH 

It was a n t i c i p a t e d  t h a t  t h e  molecular s i z e  of t he  a l coho l  would 
be s u f f i c i e n t l y  bulky t o  permit  only non-geminal s u b s t i t u t i o n  t o  occu r .  
However, a l l  a t tempts  t o  prepare t h e  sodium s a l t  of t h e  c a r b i n o l  i n  
r e f l u x i n g  t e t r ahydro fu ran  wi th  m e t a i l i c  sodium w e r e  f u t i l e .  Th i s  p a r t i c u l a r  
approach does n o t  appear t o  mer i t  f u r t h e r  inves. ; igat ion.  

C .  Development of F luor ina ted  Adhesives 

Ce r t a in  h igh ly  f l u o r i n a t e d  m a t e r i a l s  a r e  shown t t o  be compatible  
wi th  l i q u i d  oxygen when t e s t e d  i n  accordance wi th  MSFC-SWE-106B. The 
o b j e c t i v e  of t h i s  program i s  the  p repa ra t i on  of h igh ly  f l u o r i n a t e d  monomers 
and prepolymers f o r  i nco rpo ra t i on  i n t o  LOX compatible adhesive fo rmula t ions .  
Such adhesives  would e l i m i n a t e  some of t he  r i s k s  Lnvoived i n  making adhes ive  
bonded r e p a i r s  i n  a r ea s  s u b j e c t  t o  c o n t a c t  wi th  l i q u i d  oxygen. 

The p y r o l y t i c  decomposition of disodiurn h e x a f l u o r s g l y ~ a r a t e  was 
expected t o  y i e l d  t h e  d i f u n c t i o n a l  ;nonomer, pe r f luo rov iny lg lu t a ry l  f l u o r i d e :  

Gas chromatography has  shown a t  l e a s t  t h r e e  components among t h e  gaseous 
py ro lys i s  products .  Each component con ta in s  a  t r i f l u o r o v i n y l  group and 
one component con ta in s  a c y l  f l u o r i d e .  Mass spec t roscopy  r evea l s  a  molecular  
weight  of a t  l e a s t  240 f o r  one of t h e  g a s e m s  components. (M.W. of per-  
f l u o r o v i n y l g l u t a r y l  f l u o r i d e  i s  178) Lo s a t i s f a c t o r y  i n t e r p r e t a t i o n  of 
t h e s e  enigmatic  d a t a  i s  y e t  a v a i l a b l e .  

D .  Developmental and Evaiuat ion of M e t a l l i c  Composites 

I n v e s t i g a t i o n s  a r e  cont inu ing  i n  t h e  development and e v a l u a t i o n  of 
bo th  explos ive  bonded and d i f f u s i o n  bonded m e t a l l i c  composites.  

A c t i v i t i e s  have continued i n  t he  eva lua t ion  of t he  e f f i c i e n c y  of  
va r ious  types  of explos ives  t o  produce succes s fu l  bonds between metallic 
s h e e t s .  



The explos ives  explored were C-3, C-4, "Prima sheet" ,  and n i t roguan id ine ,  
wi th  t h e  g r e a t e s t  success  being a t t a i n e d  wi th  n i t roguanid ine .  U t i l i z i n g  t h i s  
in format ion ,  s e v e r a l  metal combinations were explos ive ly  joined dur ing  t h i s  
r e p o r t i n g  per iod  wi th  n i t roguan id ine  . D i s t r i b u t i o n  loading of t he  explos ive  
v a r i e d  from 0.55 g/cm2 t o  2.7 g/cm2 i n  t h e  21 t e s t s  completed t h i s  month. 
Employing t h e  e s t a b l i s h e d  de tona t ing  requirements ,  t h e  fol lowing metal s h e e t  
combinations were s u c c e s s f u l l y  bonded: aluminum t o  aluminum, copper t o  copper,  
magnesium t o  magnesium, tantalum t o  n i c k e l ,  tantalum t o  aluminum, tantalum t o  
copper ,  and tantalum t o  s i l v e r .  Various o the r  metal combinations a r e  planned 
f o r  exp los ive  jo in ing  dur ing  t h e  coming months and w i l l  be r epo r t ed  accord ingly .  

As d i scussed  previous ly  tests a r e  be ing  conducted t o  determine t h e  
optimum time, temperature,  and pressure  necessary t o  d i f f u s i o n  bond s e l e c t e d  
aluminum a l l o y s .  Data from t h e s e  tests w i l l  be used t o  determine f a b r i c a t i o n  
procedures f o r  composites having aluminum matr ices  with reinforcements  of 
boron,  s t a i n l e s s  s t e e l ,  and bery l l ium f i l amen t s .  During t h i s  r e p o r t  per iod ,  
i t  w a s  determined t h a t  an uneven pressure  was being appl ied  t o  t he  sample 
du r ing  t h e  d i f f u s i o n  bonding process .  An examination of t he  heated p re s su re  
p l a t e n s  revea led  a depressed a r e a  j u s t  above the  h e a t i n g  elements .  Addi t iona l  
p l a t e n s  t o  r e p l a c e  t h e  d e f e c t i v e  ones have Seen produced and a r e  p re sen t ly  
be ing  faced.  

E . I n v e s t i g a t i o n  of S t r e s s  Corrosion C?a rac t e r i s c i c s  of Various Alloys 

Tes t ing  and eva lua t ion  have been completed i n  t h e  de te rmina t ion  of 
t h e  threshold  stress l e v e l  i n  t he  s h o r t  t r ansve r se  and long t r ansve r se  
g r a i n  d i r e c t i o n  of a l l o y  7001-T75. 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 ansve r se  is  below 25 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  the  long t r ans -  
v e r s e .  Addi t iona l  t e s t s  w i l l  be run  t o  more accu ra t e ly  determine the  
th re sho ld  s t r e s s  l e v e l .  There have been no f a i l u r e s  of specimens exposed 
t o  s y n t h e t i c  s ea  water  f o r  106 days.  

The long-term exposure t e s t s  have continued on 7079-T61 and -T64 
aluminum a l l o y  i n  t h e  l o c a l  atmosphere. There has been no change i n  t h e  
t e s t  r e s u l t s  s i n c e  June.  This  atmosphere exposure test  has been i n  progress  
f o r  a t o t a l  of 21 months. 

This  i n v e s t i g a t i o n  was undertaken t o  eva lua t e  t he  s z r e s s  cor 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 
c o n d i t i o n s .  Bare and chromic a c i d  anodized round t e n s i l e  specimens of 
2014-T6, 2024-T4, 7079-T6, and 7079-T651 were exposed t o  i n s i d e  and ou t s ide  
atmosphere. F a i l u r e s  t o  d a t e  have been confined t o  specimens exposed t o  
t h e  ou t s ide  atmosphere with no changes s i n c e  the  October r e p o r t .  These 
t e s t s  have been i n  progress  7.5 months. 

Specimens of aluminum a l l o y s  X2021 and X7007 were 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  have been found t o  be s u s c e p t i b l e  
t o  stress co r ros ion  i n  t h e  a l t e r n a t e  immersion t e s t e r .  T e s t s  i n  t h e  
atmosphere have been i n  progress  21 months and t h e  only f a i l u r e s  encountered 
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 as 
low as  10  k s i .  



Test ing  has been comple&d i n  the  s tudy of t he  e f f e c t  of overaging 
7079-T651 (20 hours a t  350°F, 10 hours a t  350°F, and 5 hours a t  375'F) on 
t h e  s t r e s s  corrosion s u s c e p t i b i l i t y  of t h i s  a l l o y .  The r e s u l t s  of t he  t e s t  
w i l l  be repor ted  when the  d a t a  eva lua t ion  is  completed. 

Aluminum a l l o y  7178-T651 is being evaluated 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 .  Round threaded-end t e n s i l e  specimens s t r e s s e d  i n  
t h e  longi tudina l  and long t ransverse  g ra in  d i r e c t i o n  t o  50 k s i  (75 percent ) ,  
and C-rings s t r e s sed  t o  25 k s i  (40 percent ) in  t he  s h o r t  t ransverse  d i r e c t i o n  
a r e  being exposed i n  t h e  a l t e r n a t e  immersion t e s t e r .  Addit ional  6-r ings 
wi th  s i m i l a r  t e n s i l e  loads i n  t he  s h o r t  t ransverse  d i r e c t i o n  a r e  being run 
i n  syn the t i c  s ea  water.  There have been no f a i l u r e s  a f t e r  43 days of exposure. 

Studies  have continued i n  t he  determination of t he  stress corrosion 
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 t o  specimens exposed i n  any f l u i d  o the r  than methyl a lcohol .  F a i l u r e s  
a r e  s t i l l  occurr ing i n  s h o r t  peened specimens exposed t o  methyl a lcohol ;  
s o l u t i o n  t r ea t ed  and aged specimens s t r e s s e d  t o  80 percent  of t he  y i e i d  
s t r e n g t h  f a i l e d  i n  278 days; annealed specimens s t r e s sed  t o  70 percent  of 
t h e  y i e l d  s t r eng th  f a i l e d  i n  316 days, and specimens annealed and s t r e s s e d  
t o  60 percent  of t he  y i e l d  s t r eng th  f a i l e d  i n  349 days. 

I n i t i a l  t e s t s  have been terminated i n  the eva lua t ion  of the  s t r e s s  
cor ros ion  s u s c e p t i b i l i t y  of Almar 362, P'H15-7Mo, 17-7PH, and PH14-8Mo 
( a i r  melt  and vacuum melt). Evaluation of the  r e s u l t s  
showsthat the  s t r e s s  l e v e l s  used were too high t o  p red ic t  threshold s t r e s s  
l e v e l s  f o r  both 17-7PH and PH15-7Mo shee t  and bar  s tock .  Additional 
t e s t s  have been planned and specimens a r e  being f ab r i ca t ed .  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 condLtion were loaded t o  50, 75, 
and 90 percent  of y i e l d  i n  both the  longi tudina l  and t ransverse  g ra in  
d i r e c t i o n  and exposed i n  the  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  46 days of exposure. 

Welded and aged (20 hours a t  790°F) ARDE low s i l i c o n  301 s t a i n l e s s  
s t e e l  cryogenical ly  s t r e t ched  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  cor 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 he  y i e l d  s t r eng th  
have been exposed i n  t he  a l t e r n a t e  immersion t e s t e r  f o r  110 days without 
f a i l u r e .  

I n  a program t o  eva lua te  t he  s t r e s s  corrosion s u s c e p t i b i l i t y  
of var ious  spr ing  mater ia l s ,  round t e n s i l e  specimens made from 1 / 4  inch 
diameter music wire  mater ia l  were s t r e s s e d  i n  t he  long i tud ina l  d i r e c t i o n  
t o  70 percent  of t he  mater ia l  y i e l d  s t r eng th  and exposed i n  the  a l t e r n a t e  
immersion t e s t e r ,  humidity cabine t ,  l o c a l  Center atmosphere, and semi- 
con t ro l l ed  i n s i d e  atmosphere. There have been no f a i l u r e s  i n  any of 
t h e  environments a£ t e r  10 days of exposure. 



F. Inves t iga t ion  of Thin Film DielectrTcs 

The developmental Tef lon t h i n  capac i to r  program is cont inuing.  
Fif ty-seven capac i to r s  with d i e l e c t r i c  thickness  ranging from 800 A t o  
11,500 A have been prepared f o r  e l e c t r i c a l  c?valuation during t h i s  r e p o r t i n g  
per iod .  S i g n i f i c a n t  r e s u l t s  of t h e  eva lua t ion  t e s t s  of these  capac i to r s  
w e r e  a s  follows. D i e l e c t r i c  cons tan t  i s  r e l a t i v e l y  independent of 
temperature from +24OC through -137OC. On the  o the r  hand, d i s s i p a t i o n  
f a c t o r  v a r i e s  d i r e c t l y  with  temperature and changes by almost 75 percent  
i n  some cases .  The most s i g n i f i c a n t  changes i n  these specimens i s  depic ted  
i n  breakdown s t r e n g t h  va lues  wi th  d i e l e c t r i c  thickness  a s  the  primary 
in f luenc ing  parameter . The th inner  Tef lon specimens (1,500 A) had breakdown 
s t r e n g t h s  g r e a t e r  by a  f a c t o r  of 10 than d id  the  t h i cke r  (15,000 A) specimens. 
Th i s  e f f e c t  is  q u i t e  s i g n i f i c a n t  i n  view of the  poss ib le  use of Tef lon 
t h i n  f i l m s  i n  micro-miniature c i r c u i t r y  employing r e l a t i v e l y  high vo l t age .  
The thermal r e s i s t a n c e  of Tef lon f u r t h e r  enhances i t s  p o t e n t i a l  i n  these  
app l i ca t ions  i n  t h a t  thermal degradat ion of e l e c t r i c a l  i n s u l a t i o n  is a  
s p e c i f i c  cause of high vo l t age  i n s u l a t i o n  breakdown. 

A r e p r e s e n t a t i v e  Teflon t h i n  f i l m  capac i to r  was subjec ted  t o  
microprobe a n a l y s i s .  The purpose of t h i s  ana lys i s  was t o  determine 
t h e  n a t u r e  of pene t ra t ions  through both the  e l ec t rodes  and the  d i e l e c t r i c  
substance r e s u l t i n g  from high vol tage  breakdown of t h e  capac i to r .  Resu l t s  
i n d i c a t e  a  cons iderab le  d i f f e r e n c e  i n  behavior of these  specimens i n  the 
immediate a r e a  of breakdown when cont ras ted  t o  behavior of previously 
inves t iga t ed  CeO capac i to r s .  I n  the  case of T e g o n  d i e l e c t r i c ,  no fus ion  
of e i t h e r  t he  A 1  e l e c t r o d e  o r  the  Teflon was ev ident ,  the  parh of e l e c t r i c a l  
d i scharge  appearing t o  cons i s  t more of a  mechanical displacement of m a t e r i a l ,  
i .e., a s  i f  punched, r a t h e r  than having been fused.  This  suggests  a  very  
r ap id  vapor i za t ion  of ma te r i a l s  along the  path of discharge with equa l ly  
r a p i d  thermal quenching i n  t h e  a r ea  immediately surrounding t h e  path of 
d i scharge .  Discharge c a v i t y  s i z e  a s  determined by t h e  microprobe range 
from a minimum of 6 microns t o  a  maximum of 48 microns with an average of 
32 micron diameter over t h e  2 frames sampled. 

G .  Development and Evaluat ion of Techniques f o r  Nondestructively 
deter in in in^ Lack of Pene t ra t ion  i n  an Alcminun Ailoy Weldment 

There has always been d i f f i c u l t y  i n  nondes t ruc t ive ly  de tec ing  lack 
of pene t r a t i on  (LOP) i n  aluminum weldments. The ob jec t ive  of t h i s  program 
i s  t o  develop a technique t o  f a c i l i t a t e  t he  de t ec t ion  of l ack  of pene t r a t i on .  
Aluminum weldments have been made with copper f o i l  between the  two aiuminum 
sample p l a t e s .  Lack of weld pene t ra t ion  leaves  a  c e r t a i n  amount of unfased 
copper f o i l  which can be e a s i l y  seen on a  radiograph. The amount of unfused 
f o i l  bears  a  d i r e c t  r e l a t i o n s h i p  t o  the  l ack  of pene t ra t ion .  Weldments 
s o  prepared have been evaluated with u l t r a s o n i c  'shear waves t o  confirm 
rad iographic  r e s u l t s .  Tens i l e  t e s t s  have been made on the weldments t o  
determine whether o r  n o t  copper f o i l  cr e l e c t r o p l a t e d  copper has any 
d e l e t e r i o u s  e f f e c t s .  The percentage of e longat ion and the  average t e n s i l e  
s t r e n g t h  decreased f o r  the  specimens conta in ing  copper f o i l  and e l e c t r o -  
p l a t e d  copper. The following statements  and recommendations can be made 
wi th  r e s p e c t  t o  t h e  nondes t ruc t ive  tests and f u t u r e  i n v e s t i g a t i o n s .  



1. Lack of pene t r a t i on  was de t ec t ed  by radiography when copper 
f o i l  o r  e l e c t r o p l a t e d  copper was i n  t he  weldment. LOP would have been 
undetected wi thout  t h e  f o i l .  

2 .  LOP was, wi th  few except ions ,  de t ec t ed  wi th  u l t r a s o n i c  
s h e a r  waves whether o r  no t  t he  weldment contained copper f o i l .  

3 .  There was good c o r r e l a t i o n  between u l t r a s o n i c  r e f l e c t i o n s  
and d e s t r u c t i v e  s t r e n g t h  va lues .  

4. With very  few except ions ,  u l t r a s o n i c  i n d i c a t i o n s  could be 
d i r e c t l y  c o r r e l a t e d  wi th  v i s u a l  observa t ions  of LOP i n  t h e  broken weldments. 

5 .  Pulse  echo u l t r a s o n i c s  do n o t  show po ros i t y  very  w e l l .  

6 .  C r i t i c a l  weldments should be eva lua ted  wi th  X-ray and u l t r a s o n i c  
techniques .  

7 .  It appears  t h a t  l i m i t e d ,  uniform LOP, has  l i t t l e  e f f e c t  on t h e  
s t r e n g t h  of weldments. Th i s  type of LOP accounts f o r  some of t h e  except ions  
no ted  above. 

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 

1. Development of E l e c t r i c a l  Brush Ma te r i a l s  

The composition and processing procedures f o r  t h e  p r o p r i e t a r y  
brush m a t e r i a l  developed by The Boeing Company have been r ece ived .  Raw 
m a t e r i a l s  wi th  t h e  s p e c i f i e d  p a r t i c l e  s i z e  have been ordered.  W h i l e  
awai t ing  t h e s e  ma te r i a l s ,  an i n v e s t i g a t i o n  of t h e  composite m a t e r i a l s  
system u t i l i z e d  i n  t h e  Boeing process  i s  being made wi th  m a t e r i a l s  a l r e a d y  
a v a i l a b l e .  A specimen prepared from t h e  Boeing compositions and procedures  
u s i n g  these  a v a i l a b l e  m a t e r i a l s  was hard  an^ dense and s i m i l a r  i n  appearance 
t o  the  Boeing m a t e r i a l .  Brushes w i l l  be prepared from t h i s  m a t e r i a l  f o r  
comparison wi th  t h e  Boeing brushes .  I n  a d d i t i o n ,  t h i s  b a s i c  r e a c t i o n  
occu r r ing  du r ing  t h e  Boeing process  i s  being inves t i ga t ed  i n d i v i d u a i l y .  

2 .  Evaluat ion of Brush Ma te r i a l s  

T e s t i n g  and e v a l u a t i o n  a r e  cont inu ing  on s e v e r a l  s e i e c t e d  
brush  m a t e r i a l s  ope ra t i ng  a g a i n s t  a copper cormutator i n  an  i n e r t  
atmosphere.  The brush m a t e r i a l s  being eva lua ted  a r e  l i s t e d  below wi th  
process ing  pressure  and temperature  i n d i c a t e d .  

A-194 - 100 percent  molybdenum d i s u l f i d e  (MoS~),  (McGee) 
4,000 p s i ,  2,5006F, (1371°C) 

C-49 - 100 percent  molybdenum d i s u l f i d e  (MoS2), (Bemol) 
4,000 p s i ,  2,500°F, (1371°C) 



A-91 - 76.3 percent  tungsten d i s u l f i d e  (WS2), 23.7 percent  
s i l v e r  (Ag), 4,000 p s i ,  2,500°F, (1371°C) 

C-50 - 85 percent  molybdenum d i s u l f i d e  (MoS~),  15  percent  
s i l v e r  (Ag), 4,000 p s i ,  1,730°F, (943OC) 

C-51 - 85 percent  molybdenum d i s u l f i d e  (MoSz), 15  percent  
s i l v e r  (Ag), (91.88 Vol. percent )  and 8.11 Vol. percent  s i l i c o n  ca rb ide  
(S ic ) ,  4,000 p s i ,  1730°F (943OC) 

A-195 - 95 percent  molybdenum d i s u l f i d e  (MoS2), 5 percent  
tantalum (Ta), 4,000 p s i ,  2,500°F (1371°C). 

I. Development of Low Density Ceramic Foams 

E f f o r t s  have continued i n  t h e  development of low d e n s i t y  ceramic 
foams. The b a s i c  composition which has shown t h e  most promise and which 
i s  p re sen t ly  be ing  optimized i s  composed of 92.2 percent  '9'' sodium 
s i l i c a t e  and 7.8 percent  R e f r a s i l  f i b e r s  (weight percent  b a s i s ) .  P re sen t  
s t u d i e s  inc lude  opt imizing t h e  compressive s t r e n g t h  of foams prepared 
from the  b a s i c  composition. A s e r i e s  of foams was prepared by pre-drying 
f o r  2, 4 ,  6 ,  and 8 hours a t  74°C (165OF) p r i o r  t o  foaming a t  188'6 (370°F).  
A con t ro l  sample was prepared without  any pre-drying. Gompressive s t r e n g t h  
was determined on specimens c u t  from foamed samples t o  minimize s k i n  e f f e c t s .  
The specimens pre-dried f o r  8 hours were the  s t r o n g e s t ,  having an average 
compressive s t r e n g t h  of 42.8 p s i .  The con t ro l  sample had an average 
compressive s t r e n g t h  of 34 .1  p s i ,  whereas t h e  s t r e n g t h  of a l l  o t h e r  
specimens was below 30 p s i .  For comparison, samples foamed from '9" 
sodium s i l i c a t e  only,  i .e . ,  without  t he  R e f r a s i i  f i b e r  add i t i on ,  had a n  
average compressive s t r e n g t h  of 9.3 p s i .  

To determine the  problems a s soc i a t ed  wi th  preparing l a r g e r  specimens 
of t h e  foams, t h e  th ickness  of t h e  specimens was increased  from 1-114 t o  
2-112 inches .  The t h i c k e r  specimens contained l a r g e r  and l e s s  uniform 
pores ,  and t h e i r  compressive s t r e n g t h  averaged only 9 .2  p s i .  These r e s u l t s  
were n o t  e n t i r e l y  unexpected s i n c e  the  foams a r e  produced i n  an enclosed 
mold. Addit ional  e f f o r t s  i n  s c a l i n g  up t h e  s i z e  of  t h e  specimens w i l l  be  
d i r e c t e d  toward inc reas ing  the  length  and width of  t h e  specimens while  
maintaining t h e  th ickness  a t  1-114 inches .  

A sample of t h e  b a s i c  '9" sodium s i l i c a t e - R e f r a s i l  f i b e r s  foam was 
determined t o  be nonflammable when eva lua ted  f o r  f lammabil i ty  i n  a 6.2 
p s i a  oxygen atmosphere. 

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

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



1 .  Radiation e f f e c t s  on engineering materials 
2 .  Vacuum e f f e c t s  on engineering materials 
3 .  Lubricants and lubric i ty  
4 .  High and low temperature res is tant  polymers 
5 .  Stress corrosion on structural, a l loys .  

I 
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I. Radiography 

Twenty-nine miscel laneous p a r t s ,  components, and test  specimens were 
i n spec t ed  by rad iographic  techniques dur ing  t h i s  r e p o r t  per iod .  

11. Photography 

Negatives P r i n t s  

Engineering Photography 4 7 186 
Metallography and f rac tography  100 377 
Miscellaneous photography , process ing ,  7 5 516 

copywork, e t c  . 
111. Meta l lu rg i ca l  and Metal lographic  T e s t i n g  and Evaluat ion 

A .  Twelve 1-inch diameter  s t a i n l e s s  s t e e l  connectors  (brazed and 
welded) were s tud i ed  meta l lographica l ly  a t  t he  r eques t  of t he  Propuls ion 
Div i s ion .  Visua l  examination of t he se  specimens, - ~ h i c h  had been exposed 
f o r  180 days t o  a l t e r n a t e  imnersion t e s t i n g ,  revea led  no cor ros ion  on t h e  
General E l e c t r i c  and Aeroquip type brazed connectors  nor  t he  North 
American Rockwell welded connec tors .  However, s eve re  cor ros ion  a t t a c k  
was found a long  t h e  i n t e r f a c e  c ros s - sec r ion  of both brazed type connec tors .  
N o  d e f e c t s  were found on t h e  welded connectors .  

B. Metal lographic  s t u d i e s  were completed of 7-1/2 inch  diameter  
s t a i n l e s s  s t e e l  connectors  a t  t he  r eques t  of t h e  Propuls ion Div is ion .  
North American Rockwell type welded connectors  and Aeroquip type brazed 
connec tors  comprised the  samples.  A 300,000 cyc l e  v i b r a t i o n  test a t  
room temperature  was completed on t h e  un fa i l ed  specimens, whereas,  t h e  
cracked connectors  were removed from test upon d e t e c t i o n  of leakage.  A l l  
connectors  were cooled a t  -320°F (-196°C) f o r  1-112 hours  a f t e r  f a b r i c a t i o n ,  
hea t ed  t o  500°F (260°C) f o r  1-112 hours ,  cooled t o  room temperature  and 
t e s t e d .  The meta l lographic  examination revea led  t h a t  both welded and 
brazed connectors  sus t a ined  complete o r  p a r t i a l  f a i l u r e  du r ing  t h e  300,000 
c y c l e  t e s t .  A t  t h i s  po in t  i n  t h e  s tudy ,  i t  i s  be l i eved  t h a t  t h e  c a l c u l a t e d  
load  exceeds t h e  th reshold  load f o r  t he  connector  con f igu ra t i on  and 
m a t e r i a l s  used.  A l l  f a i l u r e s r e s u l t e d  from f a t i g u e .  



C .  Two welded 2014-T651 aluminuni s p s c l ~ e n s  from Worth American 
Rockwell Corporat ion (NARC) were s tud ied  meta l lographica l ly .  One sample 
was a  M I G  pulsed a r c  bend sample conta in ing  s e v e r a l  c racks  i n  the  cover 
pass  of t h e  weld ( t e n s i l e  s i d e  of bend).  A bent  TIG weld specimen 
(uncracked) was examined f o r  comparison. The metal lographic s tudy revea led  
a  l a r g e  grained parent  metal micros t ruc ture  i n  the  MIG pulsed a r c  weldment 
and a  very  smal l  grained s t r u c t u r e  i n  the  parent  metal of the  T I G  specimen. 
The ma te r i a l  f o r  t h e  MIG weldment was machined from 1-314 inch  p l a t e  
whereas the  ma te r i a l  f o r  t h e  TIG weldment was a s  r o l l e d  0.300 inch  
p l a t e .  Cracking of t he  MIG pulsed a r c  specimev was a t t r i b u t e d  t o  i n t e r -  
g ranu la r  f r a c t u r i n g  of t h e  b r i t t l e  network i n  t h e  weldment of l a r g e  grained 
m a t e r i a l .  It must be noted a l s o  t h a t  t h e  bend t e s t  used by NARC exceeded 
t h e  s p e c i f i e d  bend requirements f o r  t h i s  th ickness  m a t e r i a l .  

D .  A t  t he  r eques t  of Tes t  Laboratory f i v e  samples of p l a t e  s tock  
inc luding  t i t an ium,  s t a i n l e s s  s t e e l ,  T-1. s t e e l ,  p l a i n  carbon s t e e 1  and 
aluminum, were pol ished and etched t o  determine r o l l i n g  d i r e c t i o n .  

E .  A  GSE microswitch was rece ived  from the  Vehicle  Systems Divis ion  
f o r  de te rmina t ion  of cor ros ion  product between p o t t i n g  compound and t h e  
meta l  switch case .  The switch was disassembled and s t u d i e d  v i s u a l l y ;  only 
s l i g h t  s u r f a c e  p i t t i n g  was observed. Samples of t he  cor ros ion  products were 
removed and s tud ied  by X-ray d i f f r a c t i o n  techniques.  The cor ros ion  product  
was determined t o  be b a s i c  lead  carbonate  (Pb3 (C03)2 (0H)2) . 

F.  F a i l u r e  a n a l y s i s  was completed of two f a i l e d  Ti-6A1-4V s t r u t s  
removed'from a 105-inch diameter  t e s t  tank.  The aluminum tank was used 
t o  t e s t  super  i n s u l a t i o n  ma te r i a l s  a t  high "G" f a c e  loads .  These 
t i t a n i u m  s t r u t s  were welded t o  a f langed base by the  Manufacturing 
Engineering Laboratory (R-ME) then  bol ted  t o  the  tank f o r  use  a s  s t a b i l i z e r s  
whi le  undergoing t e s t  on a  rocke t  s l e d  a t  Kolloman A i r  Force 3ase  (AFB), 
New Mexico. The f a i l e d  s t r u t s  were found by R-ME personnel fol lowing 
s u c c e s s f u l  t e s t i n g  of t h e  i n s u l a t i o n  a t  t he  Holloman AFB and a f t e r  r e t u r n  
by t r u c k  t o  t h i s  Center .  Visua l  examination of t he  f r a c t u r e  i nd ica t ed  
t h a t  both f a i l u r e s  i n i t i a t e d  a t  po in t  on the  s t r u t  t o  base p l a t e  weldmen: 
where only one s i d e  of t he  s t r u t  s e c t i o n  was welded and t h i s  a r e a  had ve ry  
sha l low weld pene t r a t ion .  The a n a l y s i s  i nd ica t ed  t h a t  t he  f r a c t u r e  
i n i t i a t i o n  was caused by overload tens ion  and f i n a l  f a i l u r e  of one s t r u t  
r e s u l t e d  from low cyc le  f a t i g u e  probably dur ing  the  t r i p  from New Mexico 
t o  t h i s  Center .  Fa t igue  i n d i c a t i o n s  were found dur ing  v i s u a l  examination 
and were v e r i f i e d  by f r ac tog raph ic  s t u d i e s .  

G .  Ma te r i a l  changes from A I S I  type 301 s t a i n l e s s  s t e e l  t o  Snconel X 
r e s u l t e d  i n  t he  succes s fu l  f a b r i c a t i o n  of a snap diaphragm f i x t u r e .  The 
e l e c t r o n  beam weld s e t t i n g s  r equ i r ed  t o  j o i n  t h e  0.015-inch t h i c k  diaphragm 
t o  t h e  t e s t  assembly were 60 KV, 3Ma, and a  welding speed of 26 ipm. The 
diaphragm was subsequent ly s t r e s s  r e f  ieved ,  an2 contour formed t o  0.050 
inch  concavi ty .  A diaphragm was welded t o  each of two assemblies d ~ r i n g  
t h i s  r e p o r t  per iod .  This  work is  being done a t  t he  r eques t  of t he  Propuision 
Div i s ion .  



H. Various components of t he  t h r u s t e r  engine assembly were joined 
us ing  e l e c t r o n  beam welding. Severa l  s e a l  welds and s t r u c t u r a l  welds 
were requi red  t o  complete t h e  assembly. Sea l  welds on t h e  t i t an ium 
Ti-6A1-4V a l l o y  were made a t  machine s e t t i n g s  of 60 KV, 1.5  Ma, and 1 5  ipm 
t r a v e l  speed while  s t r u c t u r a l  welds were made a t  machine s e t t i n g s  of 90 KV, 
7.5 Ma and 15 ipm t r a v e l  speed. The engine s u c c e s s f u l l y  withstood h y d r o s t a t i c  
p re s su re  tests and w i l l  be test f i r e d  a t  a l a t e r  d a t e .  

I V  . Spectrographic Analyses 

Three hundred and e ighteen  determinat ions were made on t h i r t y  samples 
and t h r e e  hundred and s i x t e e n  s tandard  de termina t ions  were made. 

V .  I n f r a red  Analyses 

Twenty-four ana lyses  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 comnercial polymers. 

V I .  Chemical Analyses 

Determinations 

Dow 17 Anodize s o l u t i o n  f o r  
sodium dichromate 
ammonium ac id  f l u o r i d e  
phosphoric ac id  

Corrosion products from switch 
ch lo r ides  
n i t r a t e s  
s u l f a t e s  
phosphates 

Metal samples f o r  
carbon 
s i l i c o n  

Metal n i t r i d e s  f o r  
n i t rogen  

Polymeric samples f o r  
carbon 
hydrogen 
s i l i c o n  
phosphorus 
n i t rogen  
f l u o r i n e  

Gas samples f o r  
hydrogen 
n i t r o g e n  
oxygen 
helium 
para hydrogen content  

Atomic absorp t ion  a n a l y s i s  of 
aluminum f o r  copper 
s t a i n l e s s  s t e e l  f o r  copper 
t i n - l ead  s o l d e r  

f o r  
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Determina t ions  

N a t i o n a l  Bureau of Standards s t a n d a r d s  f o r  
chromium 
n i c k e l  

V I I  . Phys i c o  Chemical Analyses 

De te rmina t ions  

D e n s i t y  of 
W - 1  f u e l  
T e f l o n  s e a l  

V i s c o s i t y  of methanol-water (80/20) 
Heat of combustion o f  m a t e r i a l s  f o r  

S-IVB Workshop 
Molecular  weight  of polymers 

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

molded and ex t ruded  
cemented 
c o a t e d  
f a b r i c a t e d  

IX. E l e c t r o p l a t i n g  and S u r f a c e  Treatment  

a c i d  c leaned  
degreased  and c leaned  
go ld  p l a t e d  
a l o d i n e  t r e a t e d  
s a l t  s p r a y  t e s t e d  

X .  Development Shop Produc t ion  

A .  A t o t a l  of 5,453 man-hours, d i r e c t  l a b o r ,  was u t i l i z e d  d u r i n g  
t h i s  p e r i o d  f o r  machining,  f a b r i c a t i n g ,  and weld ing .  

B . Two thousand,  e i g h t  hundred and f i Zty- !:hree man-hours, a p p r o x i a a i c  
52.3  p e r c e n t  o f  t h e  t o t a l  nan-hours ,  were expended on work of  a n o n - r o u t i n e  
naLure  and a p p l i e d  t o  t h e  work o r d e r s  l i s c c d  below. 

1. C w ~ p l i n g  Assenbly 

These coup l ings  have been compieted and d e i i v e r e a .  

2 .  S a t u r n  V S l e d  T e s t  Moduie 

The S a t u r n  V s l e d  t e s t  moduie is  ilTL the f i n a l  s t & g e  of a s s e s ; > l : ~ .  



3. Hydrazine Engine Mock-Up and F ix tu re  

The hydrazine engine mock-up and f i x t u r e  has been completed 
and d e l i v e r e d .  

4 .  Models of ATM Experiment Package 

One ATM experiment has  been de l ive red  and the  remaining f o u r  
u n i t s  a r e  be ing  assembled. 

5 .  C - i  Enpine Modif icat ion 

Work on the  C-1 engine modi f ica t ion  has been compieted. 

6 .  ATM Contamination T e s t  F ix tu re  and P a r t s  

The ATM contamination t e s t  f i x t u r e  and components have been 
d e l i v e r e d  . 

7 .  ATM Model Payload 

The ATM model payload has been d e l i v e r e d .  

8 .  ATM Rack 

The KCM rack  is  completed and d e l i v e r e d .  

X-Ray Astronomy Assembly ModiflcatLons 

Modif icat ions t o  t h e  X-ray astronomy assembly a r e  i n  process .  

10 .  GOX Impact Compression T e s t e r  

Work has s t a r t e d  on t h e  GOX impact compression t e s t e r .  

XI. A .  Seven ma te r i a l s  were eva lua ted  f o r  LOX s e n s i t i v i t y  i n  accordance 
wi th  the  provis ions  of MSFC-SPEC-106B. Da'ca generated from these  eva lua t ions  
were forwarded t o  r eques t ing  groups and w i l l  appear l a t e r  i n  a p p l i c a b l e  
r e p o r t s .  

B .  Heat t r e a t e d  s i x  i tems of maraging s t e e l  and t h r e e  Inconel  X dia2hragm 
assembl ies .  

C .  Inspected two a i r c r a f t  s t r u t  b racke ts  by magnetic p a r t i c l e  techniques .  

X I 1  . Pub l i ca t ions  

Demorest, R.;  and Whitaker, A ,  : Evaluat ion of D i r e c t  Current  Notors 
i n  Vacuum, TM X-53675, November 24, 1967 



Thompson, L . ;  and Hi l l ,  W . :  A Preliminary Evduation of Silane 
Coupling Agents as Primers and Additives in  Polyurethane Bonding Procedures, 
TM X-53676, November 28, 1967. 
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SATURN I13 

I. S-IH S t a g e  

Cable  I n s t a l l a t i o n  Review 

A rev iew was completed on t h e  S-'CR-5 d i s c r e p a n c i e s  noted by 
Q u a l i t y  and R e l i a b i l i t y  Assurance Labora to ry  personnel  a t  Yichoud. A 
s t a t u s  r e p o r t  of t h e  review and a c t i o n  t o  be  t a k e n  by C h r y s l e r  Cor- 
p o r a t i o n  Space D i v i s i o n  (CCS;)) h a s  been sribmitted t o  t h e  S-IR S t a g e  
P r o j  e c r  O f f  i c e .  

11. Ins t rument  l Jni t  (XU) 

T h g i n e e r i n ~  C h a n ~ e  P r o p o s a l  (RCP) 

ECP 1463, a p r o p o s a l  t o  r e v i s e  t h e  TBT4 Systems T e s t  S p e c i f i c a t i o n ,  
S a t u r n  TD, IU, was e v a l u a t e d  and recommended f o r  approval. 

I .  General  

A. T e c h n i c a l  C h e c k l i s t  

Rev is ion  1 5  t o  t h e  S a t u r n  IB Technica l  C h e c k l i s t  was c n m ~ l e t e d  
and d i s t r i b u t c c l .  

3.  Program S A ~ e c i f i c a t i o n s  

Rev is ion  A t o  t h e  SA-204 t:!rouc:h SA-212 Program S p e c i f i c a t i o n  
Xase l ine  was approved bv t h e  Levcl  I f  Roard. The apnroval. docunents  
were s e n t  t o  t h e  Repos i to ry  f o r  d i s t : r i b u t i o n  and f i l i n q .  

I 

Final.  review of t h e  Technical  In format ion  Suwmarv f o r  SA-204 
was completed; t h e  document w i l l  be  r e l e a s e d  30 days p r i o r  t o  l aunch .  



n. Weight S t a t u s  Repor t s  

T h e  monthly weight  s t a t u s  r e p o r t s  f o r  launch v e h i c l e s  SA-201 
through SA-212 and f o r  AAP-1A through AAP-5 and t h e  d e t a i l  monthly 
weight  s t a t u s  r e p o r t  f o r  t h e  SA-212 launch v e h i c l e  were completed and 
d i s t r i b u t e d .  

E. Mass C h a r a c t e r i s t i c s  

Revised launch v e h i c l e  weight  d a t a  f o r  AAP r e f e r e n c e  t r a j e c -  
t o r i e s  were d i s t r i b u t e d .  Mass c h a r a c t e r i s t i c s  f o r  AS-217 were c a l c u l a t e d  
and f u r n i s h e d  t o  t h e  Advanced S t u d i e s  O f f i c e  o f  t h i s  l a b o r a t o r y .  

SATURN V 

I. S-IC S t a ~ e  

A. Ordnance Bonding Problems 

A s t u d y  is  be inq  made t o  d e f i n e  p o s s i b l e  c h a n ~ e s  t o  t h e  S-IC 
ordnance cowling i n s t a l l a t i o n  t o  p r e v e n t  b r a c k e t  f a i l u r e s  s i n i l a r  t o  
those  exper ienced  on AS-501. A comparison of S-IVB t o  S-IC i n s t a l l a t i o n  
p rocedures  and b r a c k e t  des ign  i s  be ing  made t o  determine i f  d e s i g n  
changes a r e  r e q u i r e d .  A summary of a l l  known b r a c k e t  bonding f a i l u r e s  
on t h e  S-IVB program h a s  been comuleted. I n  most c a s e s ,  t h e  f a i l u r e s  
can be a t t r i b u t e d  t o  f a i l u r e  t o  f o l l o w  i n s t a l l a t i o n  p rocedures .  

B. Af t  U m b i l i c a l / T a i l  S e r v i c e  Xast  (TSM) T e s t .  

I n  s u p n o r t  of t h e  AS-591 launch ,  an a f t  umbilical/TSM test 
program was conducted a t  t h e  MSFC S e r v i c e  A r m  Umbil ica l  T e s t  F a c i l i t y  
(SAUTF) t o  determine i f  u m b i l i c a l  s e p a r a t i o n  and TSM r e t r a c t i o n  could  
be accomplished i n  t h e  e v e n t  t h e  TSM were p remature ly  a c t u a t e d  u r i o r  
t o  v e h i c l e  l i f t o f f .  One t e s t  w a s  ~ e r f o r m e d  on each of t h e  3 u m b i l i c a l /  
TSM systems.  A l l t e s t s  were s u c c e s s f u l  w i t h  u m b i l i c a l  s e p a r a t i o n  o c c u r r i n g  
i n  t h e  s h e a r  o u t  mode. 

C. S tage  Vmbi l i ca l  'ilardware 

A memorandum was s e n t  t o  T O  s t a t i n g  t h a t  t h e  S-IC s t a g e  
u m b i l i c a l / s e r v i c e  arm systems cornpat ib i , l i ty  t e s t i n g  a t  NSFC had been 
completed and t h a t  t h e  u m b i l i c a l  hardware u t i l i z e d  a s  t e s t  u n i t s  d u r i n g  
t h e  t e s t  proqram should  be re~rogrammec'l i n t o  the S-TC system. I n  
a d d i t i o n ,  a  r e q u e s t  was nade t h a t  t h e  i n t e r t a n k  u m b i l i c a l  f o r  Mobile 
Launcher (?fIA)-3 p r e s e n t l y  a t  YSFC be r e t u r n e d  t o  The Bseing Company 
( T ~ ~ ) / ~ i c h o u d  Assembly F a c i l i t y  (MAF) f o r  i n c o r p o r a t i o n  of a13 o u t -  
s t a n d i n g  Engineer ing  Change P r o p o s a l s  (:ICP1s) and r e a c c e p t a n c e  t e s t i n g  
p r i o r  t o  shipment t o  Kennedy Space C ~ n t e r  (KSC). Request  f o r  c o n r r a c t u a l  
a c t i o n  t o  implement t h e  above was i n i t i a t e d .  



D. 3 - I C  I ly t l raul ic  Supplv and Checkout Uni t  (IISC'L:) 

1. HSCU SIX DSV-339 s u c c e s s f u l l v  suppor ted  t h e  f l i g h t  r e a d i -  
n e s s  t e s t  (FRT) and subsequent  launch of v e h i c l e  AS-501 conducted a t  
KSC. 

2. The s p a r e  s e r v o  drawer ,  which was r e f u r b i s h e d  by TBC 
w a s  t e s t e d  a t  t h e  Systems Development F a c i l i t y  (SDF) and shipped t o  
KSC t o  s u p p o r t  t h e  HSCU d u r i n g  AS-501 launch a c t i v i t i e s .  

3. During p o s t  FRT on s p o t  maintenance 
i n s p e c t i o n s  of HSCU SIN DSV-333 a t  J,aunch Umbil ica l  Tower (LTJT) 1, 
i t  was n o t e d  t h a t  t h e  f lowmeter f o r  n a i n  pump number 1 was e r r a t i c  
i n  o p e r a t i o n .  The  problem was corrected by replacement  of t h e  flow- 
mete r  p ickup c o i l .  

4. During t h e  launch of AS-501 t h e  f i r e  system i n  room 4A 
of t h e  T.LIT v a s  e n e r ~ i z e d  and sprayed t h e  TiSC'V w i t h  f o a ~ .  The reason  
f o r  t h e  a c t i v a t i o n  h a s  n o t  been determined a t  t h i s  t i m e :  however, two 
p o s s i b i l i t i e s  a r e  be in^ explored which concern e x c e s s i v e  v i b r a t i c n  
( s u f f i c i e n t  t o  t r i q q e r  c o n t r o l  r e l a y s )  2nd e x t r e ~ e  ' i :cat d u r i f i z  1 ;.unch. 
I n f o n n a t i o n  w i l l  be  forwarded from KSC as i t  becomes a v a i l a b l e .  Subsecuent 
c leanup procedures  have i n d i c a t e d  t h a t  no obvious  e x t e r n a l  damaqe was 
evidenced i n  t h e  YSCU. 

5. The SDF HSCU is undergoi!-~q re fu rb i shment  anc! m o d i f i c a t i o n .  
T h e  new SJ-1 f l u i d  was d e l i v e r e d  on Uovc?o~l~er 23, 1967. The emulsified 
f l u i d  has  been d r a i n e d  and a l l  f i l t e r s  s e n t  o u t  f o r  c l e a n i n g .  The 
m o d i f i c a t i o n  e f f o r t  wi1.l c o n s i s t  of i n s t a l l a t i o n  of t h e  a c c u m u ~ a t o r  Sank 
(10?132051) i n t o  t h e  SDF l!SCU syster? i n  p r e p a r a t i o n  f o r  t e s t .  An e f f o r t  
i s  b e i n s  made t o  complete t h e  i n s t a l l a t i o n  of t h i s  equipment s o  t h a t  
t h e  t e s t s  can be r u n  t o  s u p p o r t  t h e  launch o f  AS-502. 

I n e r t  P r e f i l l  Uni t  (IPU) 

During t h e  countdown f o r  AS-501, a t  approx imate ly  T-40 h o u r s ,  
a minor problem occur red  on S-IC IPU SJ?!  003.  The pump s h a f t  coup l ing  
b o l t s  had worked l o o s e  and r e q u i r e d  r e t o r q u i ~ z  which c o r r e c t e d  t h e  
problem. 

F. T e s t  S p e c i f i c a t i o n s  and Cr-Ltt?ria 

1. Revis ion  D of TEC document, D5-i3251, "Prelaunch Tes r  
and Checkout Requirements f o r  S-IC S t a g e s  a t  IrSC," was reviewed f o r  
t e c h n i c a l  accuracy  and found t o  be  a c c e p t a b l e .  

2. Advanced Document ?evi.;ion Y o t i c e s  (ADRK's) M-38 through 
7.f-44 of t h e  " S p e c i f i c a t i o n s  and C r i t e r i a  f o r  S-IC s t a g e  p re launch  check- 
o u t  and launch o p e r a t i o n s  a t  KSC," 95-13618, a r e  now be ing  reviewed f o r  
t e c h n i c a l  accuracy.  



3.  I R N  2-45 t o  13V5009h T S J ~ S  r e l e a s e d  and r e f l e c t s  new 
c h a n ~ e s  t o  t h e  stage/GSE i n t e r f a c e  p r e s s u r e  t o l e r a n c e s  and r e g u l a t o r  
s e t t i n g s  f o r  t h e  S-IC helium s t o r a g e  b o t t l e s  and c o n t r o l  p r e s s u r e  
s p h e r e s .  These were changed fo l lowing  a comparat ive  rev iew of red-  
l i n e s  and r e g u l a t o r  s e t t i n g s  fo l lowing  SA-501 Countdown Demonstra t ion 
T e s t  (CDDT) . 

Q u a l i f i c a t i o n  T e s t  Procedure? 

The f o l l o w i n g  q u a l i f i c a t i o n  t e s t  p rocedures  f o r  S-IC s t a g e  
were reviewed and comments made recommending r e v i s i o n s  t o  meet t h e  
minimu3 a c c e p t a n c e  c r i t e r i a :  

35-13814, Q u a l i f i c a t i o n  T e s t  Procedure ,  Flodyne Manual 
B a l l  Valve,  65B235331-103C. 

QTP IN-66-67, Q u a l i f i c a t i o n  ' res t  Proc.ecltlre, Model 2302, 
P r e s s u r e  Sensor  Assembly, Modified Design,  Bourns I n c o r p o r a t e d ,  da ted  
September 21, 1967. 

3A180A, Q u a l i f i c a t i o n  T e s t  Procedure  f o r  Manual B a l l  Valve ,  
Flodyne, 65823531-41. 

QTR IN-66-67, E v a l u a t i o n  and ? u a l i f i c a t i o n  'Test o f  a ?!odel. 
2302, P r e s s u r e  Assembly, Yodi f i ed  Design,  3ourcs  I n c o r p o r a t e d ,  d a t e 6  
J u l y  25, 1967. 

QTP IN-66-67, Rev is ion  3, E v a l u a t i o n  and Q u a l i f i c a t i o n  T e s t  
P rocedure  f o r  a Model 2302, P r e s s u r e  Sensor  Assembly, Rourns I n c o r p o r a t e d ,  
d a t e d  October 11, 1967. 

QTR IN-66-67, Rev is ion  A, E v a l u a t i o n  and q u a l i f i c a t i o n  T e s t  
of a Yodel 2302, P r e s s u r e  Sensor  Assembly, Modified Design, Bourns 
I n c o r p o r a t e d ,  d a t e d  October  11, 1967. 

P a r t i a l  Q u a l i f i c a t i o n  T e s t  P rocedure ,  Servo-Dome P r e s s u r e  
R e g u l a t o r ,  1351-3001-1, Soefnq p a r t  nuqber 65G23421-3R 

Ii. Enqineerinp, Change Proposa l  ( E C P I  

FCP 2305, Recon: i ;~ ra t ion  of Cold iTe C o n t r o l  Valve and 7e-  
p r e s s u r e  C o n t r o l  "odule Assembly, was reviewed and recornended f o r  
approva l .  

I. I n t e ~ r a t i o n  T e s t  Requirements S p c c i f i c a t i q n ~  

35-15402-1, I n t e g r a t i o n  T e s t  penuirements  S a c c i f i c n t i o n s  f o r  
S-IC P n c u ~ a t i c s  Subsystem C5eckout Loca l  C o n t r o l ,  KSC, aronosed r e v i s i o n  
"C , "  was reviewed and p rocessed  p r d o r  t o  r e l e a s e  f o r  iZSC uqe. The c'iocu- 
mcnt is  ~ e r i o d i c a l l y  updated f o r  KSC r e f l e c t i n ?  t h e  l a t e s t  f l u i d  r e q u i r e -  
ments. 



T I .  S - I I  S t a g e  

A. S-I1 Pneumatic Console S e t  (S7-41) 

An i n t e r n a l  c i r c u i t  m o d i f l c a t f o n  was made t o  t h e  S7-42C con- 
s o l e  t h a t  s e p a r a t e s  t h e  t u r b i n e  start  b o t t l e  GN2 v e n t  c o n t r o l  p r e s s u r e  
c i r c u i t  from t h e  LOX and LH2 d i s c o n n e c t  shroud purge c i r c u i t ,  T h i s  
m o d i f i c a t o n  was made t o  improve t h e  f low of the  purge c i r c u i t .  

3. I n s u l a t i o n  Purge Pneumatic Cont ro l  Console (S7-45) 

1. R e l o c a t i o n  of t h e  LTi2 f e e d l i n e  elbow r e t u r n  l i n e  flow- 
mete r  p r e a m p l i f i e r  i n t o  t h e  S7-45C f i l t e r  bank was implemented a t  %-1 
t o  s u p p o r t  AS-501 on ly .  T h i s  change,  which was made a t  YL-1 a s  a 
r e s u l t  of r e t u r n  l i n e  f l o w r a t e  readout  mal func t ion  dur ing  t h e  AS-501 
CDDT, i s  n o t  c o n s i d e r e d  t h e  complete answer bv aJ.3 r e s p o n s i b l e  p a r t i e s .  
i . e . ,  Fiortb American Rockwell (KAR) a t  ~ % s s i s s i ~ p i  Tes t  F a c i l i t y  (WF) 
and t h i s  d i v i s i o n .  IIowever, f o r  l a c k  of s u f f i c i e n t  d a t a ,  n r e a m p l i f i e r  
r e l o c a t i o n  was approved a t  VL-1 f o r  AS-501 launch.  A s e r i e s  of t e s t s  
a r e  now being performed by KAF t o  a c c u r a t e l y  de te rmine  a  p e n a n e n t  fix. 

2. The S-IT LIIZ t a n k  s idewal?  purge  i n l e t  nrcssure w a s  
reduced from 4 .0  p . s . i . g .  t o  3.0 P . s . ~ . ? ; .  of W e .  P r e s s u r e  was reciucecl 
t o  t h e  p o s s i b i l i t y  of o v e r p r e s s u r i z i n g  t h e  s i d e w a l l  i n s u l a t i o n  a t  4  
p . s . i . g .  During AS-501 countdown t h e  s i d 2 w a l l  ? r e s s u r e  dropped t o  z e r o  
and Sack purge  was i n i t i a t e d .  

3. An I n t e r f a c e  Rev is ion  S o t i c e  (TRS) was submi t t ed  by YSC 
t o  d e l e t e  t h e  A P  and f low r a t e  v a l u e s  of IRE-S-25 t o  6 5 1 0 9 7 7 5  
( f u n c t i o n  2.70) and r e v i s e d  t h e  naximum o p e r a t i n g  p r e s s u r e  from 4.0 
p . s . i . 2 .  t o  3.0 p . s . i . g . ,  e f f e c t i v e  wi th  AS-501 on ly .  A g e n e r a l  
n o t e  on the KSC IF.?? s t i p u l a t e d  t h a t  t h e  A P  and f low,  o b t a i n e d  from 
KSC a s - b u i l t  hardware ,  was a c c e p t a b l e  f o r  AS-501 launch.  IRK R-25 w i l l  
be  r e v i s e d  t o  r e f l e c t  a  AS-502 and subsequent  v e h i c l e  e f f e c t i v i t y .  
The d i v i s i o n  h a s  concurred i n  t h i s  change f o r  t h e  fo l lowing  reason.;: 

The AS-501 CDDT v e r i f i e d  t h a t  a  lower p r e s s u r e  and f l o w  
was r e q u i r e d  t o  p r o t e c t  t h e  s i d e w a l l  i n s u l a t i o n  from o ~ e r p r e s s u r ~ z a t i o r r .  
Ilowever, t h e  reduced i n l e t  p r e s s u r e  r e s u l t e d  i n  a  s i d e w a l l  o u t l e t  
p r e s s u r e  which r a p i d l y  approached z e r o  d u r i n g  AS-504  Lif2 load ing  pr-ior  
t o  launch.  Consequent ly ,  back purge was i n l t l a t e d  w i t h  t h e  accompaninq 
l o s s  of s i d e w a l l  l e a k  d e t e c t i o n  c a p a b i l i t v .  

F u l l  f low r e l i e f  v a l v e  i n s t a l l a t i o n  i n t o  XL-3 f l u i d  d i s -  
t r i b u t i o n  system i s  being wi thhe ld  a s  n r e s u l t  o f  t h e  approva l  of 
spray-on foan  i n s u l a t i o n  f o r  S-11-8 and subsequent  s t a q e s .  Spray-on 
foam w i l l  d e l e t e  c e r t a i n  l e a k  d e t e c t i o n  Eunet inns  and cor responding  
r e l i e f  v a l v e s .  Changes t o  t h e  ?IL-3 f l u i d  d i s t r i b u t i o n  syster,,  w i i i  he 
d e f i n e d  a t  a  l a t e r  d a t e .  



111. S-IVB Stage 

A. Pneumatic Console 

Emergency ECP 0955 was processed,  removing f a i l e d  r e l i e f  
valve,  A12275 PIN 1A66984-503 1/4",  from pneumatic console ,  DSV-4R-433A. 
The r e l i e f  va lve  is used t o  provide ven t  r e l i e f  c a p a b i l i t y  f o r  t h e  
cold helium supply (ox id i ze r  tank  p r e s s u r i z a t i o n ) .  This  va lve  has  
f a i l e d  s e v e r a l  t imes during t h e  pas t  month, and is  beinn rep laced  with 
a  314 inch r e l i e f  va lve ,  PIN 1A66984-1. I n  t h e  event  t h e  r e l i e f  va lve  
f a i l s  i n  t he  c losed  p o s i t i o n  during l i f t o f f ,  no vent ing  of h igh  p r e s s u r e  
helium can occur.  This w i l l  cause p re s su re  bui ldup wi th in  t h e  system 
and r e s u l t  i n  s e r i o u s  damage t o  t h e  console  and piping.  

B. E l e c t r i c a l  Housing Purge 

An'Engineering Change Request (ECR) and I R N  R-34 t o  13M50098 
and I R K  R-30 t o  65ICD9402 were prepared t o  document a reduct ion  i n  flow 
rate f o r  t he  e l e c t r i c a l  housing purge f o r  cornpatabi l i ty  wi th  hardware 
conf igu ra t ion  f o r  SA-501. 

An IRN t o  65ICD7469 was prepared r e f l e c t i n g  t h e  d e l e t i o n  of 
t h e  436 console  by KSC. Ins tead  of t h e  436,  KSC is  us ing  p o r t a b l e  regu- 
l a t o r s  t o  supply the  p re s su re  t o  t h e  Ailxiliary Pronulsion System (APS) 
hypergol loading equipment. This  system i s  l e s s  complex and al lows 
b e t t e r  communication between personnel  accomplishing t h e  loadinz  on t h e  
Mobile Serv ice  S t r u c t u r e  (MSS). A number of i n t e r f a c e s  and f l e x  l i n e s  
between the  MSS and >fL a r e  a l s o  e l imina ted .  These IRV's have been 
t r ansmi t t ed  t o  KSC f o r  concurrence. 

IV. General 

A. Vehicle Assembly Documentation 

1. Documentation was prenared t o  change t h e  i n t e r f a c e  f o r  
SA-503 and SA-504 s e a l a n t  m a t e r i a l  requirements.  This  change was 
i n i t i a t e d  i n  response t o  a  reques t  by the Saturn V Systems Enqineering 
Yanayerncnt Of f i ce  t o  reduce t h e i r  l o g i s t i c s  problems by c h a n ~ i n ?  t o  
n s e a l a n t  with a longer  she l f  l i f e .  An ECR was a l s o  prepared t o  submit 
t h e  proposed chanze t o  the  Confiyurat ion Control  3oard (CCR) f o r  apnroval .  

2 .  Documentation was prepared t o  add marlcinas t o  t h e  S-IC 
s t a g e s  t o  a i d  i n  s t a g e  i d e n t i f i c a t i o n  whi le  i n  s to raze .  

3 .  PI review has  hccn connletec! on t h e  final.  d r a f t  of t h e  AS-505 
Orc!nance Systems 3ocument supplement and  a p ~ r o v a l  has Seen qiven t o  TRC. 



4 .  Tlie vc l~ i c l e  a s s c n b l v  c : ~ ~ c ~ ~ r n e n t n t i o n  r e l e a s e  sc l~e t lu lc  f o r  
AS-';C\5 through AS--515 has  been co~opl.etc:d nnd d i q t r i b ~ r t e b .  The nchedul  c 
is based on a r r i v a l  of t h e  9-IC strip,+ a t  "SC. 

5 .  - 5-2 Enqine T,n7 Pump Sen1 T ? : ~ E I c ~  Dvcrboarcl T)rafn_ - 
R e s u l t s  o f  t h e  s t u d i e s  of t h e  Pocketdyne-nroposed r e d e s i g n  

of t h e  overboard d ra i l l  system. have beer1 s u b ~ i t t e c l  t o  t h e  S a t u r n  V 
P r o j e c t  o f f i c e .  It was nointe t?  out  t h a t  t h i s  d i v i s i o n  does  n o t  
recornend changing t h e  p r e s e n t  svstem c o ~ f i q u i r a t i o n  f r o n  a 1-inch t o  
a  i 1/2- inch l i n e .  T h i s  is  c o n t r a r y  t o  i n f o r m a t i o n  s u p p i i e d  by P r o p u l s i o n  
D i v i s i o n .  

C. Damping, R e t r a c t ,  and Recorznect System (DRRS) 

I n f o r n a t i o n  i s  being compiled i n  t h e  f o r n  of a  w r i t t e n  r e p o r t  
f o r  a  d e s i g n  c e r t i f i c a t i o n  review (DCR) i n  accordance w i t h  Program 
D i r e c t i v e  I-V-ED number 2. T h i s  r e p o r t  i n c l u d e s  a system d e s c r i p t i o n ,  
f u n c t i o n ,  and subsystem breakdown of t h e  primary and a u x i l i a r y  damninr! 
sys tems t o  i n c l ~ t d e  major  problems evidc?nced dur ing  r e s e a r c h  and develop-  
Ten t  o f  bo th  sys tems.  

D. Cable I n s t a l l a t i o n  S p e c i f i c a t i o ~ s  

Cable i n s t a l l a t i o n  s p e c i f i c a t i o ~ s  f o r  a l l  s t a g e s  have been 
revicwecl,. A l l  prime c o n t r a c t o r s  will bc n o t i f i e d  of ?fSFC-required 
r e v i s i o n s  p e r t a i n i n g  t o  i n s t a l l a t i o n  and i n s p e c t i o n .  

E. Cable I n s t a l l a t i o n  T e s t  Program 

S t u d i e s  a r e  be ing  made t o  e s t a b l i s h  t h e  t e s t  f i x t u r e  and 
c a S l e  c o n f i g u r a t i o n s  r e q u i r e d  t o  e v a l u a t e  maximum a c c e p t a b l e  c a b l e  
bundle  s i z e s  f o r  v e h i c l e  i n s t a l l a t i o n .  

F. Weight S t a t u s  Repor t s  

The monthly we izh t  s t a t u s  r e p o r t s  f o r  launch v e h i c l e s  SA-501 
through SA-506 and t h e  d e t a i l  monthly w e i ~ h t  s t a t u s  r e p o r t  f o r  t h e  
SA-506 launch v e h i c l e  were completed and d i s t r i b u t e d .  

Revised AS-502 f i n a l  p r e d i c t e d  o p e r a t i o n a i  mass c h a r a c t e r i s t i c s  
were d i s t r i b u t e d .  



ADVANCED TEC!?XOLOC;Y 

I. Systems Design 

A. C l u s t e r  Documentation 

1. The "Inboard P r o f i l e / S p a c e  E n v e l o ~ e  Layout," SKlrl-9317, 
i s  be ing  r e v i s e d  c o n s i d e r a b l y  i n  o r d e r  t o  d e f i n e  t h e  complete  c o n f i g u r a -  
t i o n  f o r  t h e  AAP-2 v e h i c l e  f o r  t h e  Prel . iminary Design Review (PDR) . 
The changes invo lved  a r e  d e s c r i b e d  as fo l lows :  

The M u l t i p l e  Docking Adapter  (YEA) d i s p l a y  and c o n t r o l  
p a n e l  and t h e  S-069 d i s p l a y  u n i t  have been removed from t h e  FDA. 
A s t r i o n i c s  Labora to ry  s t a t e s  t h a t  t h e s e  components w i l l  b e  l o c a t e d  i n  
t h e  S t r u c t u r a l  T r a n s i t i o n  S e c t i o n  (STS). A new d e s i g n  f o r  t h e  e l e c t r i -  
c a l  f eed  through p l a t e  was i n i t i a t e d .  T h i s  new d e s i g n  w i l l  comply w i t h  
t h e  d i s p l a y  and c o n t r o l  p a n e l  be ing  l o c a t e d  i n  t h e  STS. 

The e n c i n e e r i n g  l a y o u t  d e f i n i n g  t h e  e x t e r n a l  sys tem on 
t h e  ??DA i s  60 p e r c e n t  complete. A d e c i s i o n  was made n o t  t o  r o t a t e  
t h e  windows i n  t h e  c o n i c a l  bulkhead b u t ,  i n s t e a d ,  t o  r o t a t e  t h e  dock ine  
t a r g e t .  T h i s  r o t a t i o n  was necessa ry  t o  p r e v e n t  i n t e r f e r e n c e  between 
t h e  t a r g e t  and window cover .  

2 .  The documentation on t h e  MDA h o i s t  and t r a c k  assembly 
and t h e  a i r l o c k  module h o i s t  and t r a c k  a s s e n h l y  was completed.  

3.  The Yl3A p l a t f o r m  and l a d d e r  a s s c v h l y  concept  w i l l  r e q u i r e  
t h e  a d d i t i o n  of b r a c k e t s  on t h e  f o u r  i n n e r  w a l l s  f o r  a t t a c h i n g  and 
s u p p o r t i n g  t h e  p l a t f o r m  segments. 

4 .  The f i r s t  concept  f o r  t h e  W A  handl ing  f i x t u r e  and s l i n g s  
was u n z c s i r a b l e  from a s t r u c t u r a l  s t c~nc lpo in t .  The p r e s e n t  concept  i s  
t o  p r o v i d e  a s t r u c t u r a l  box o r  r i n g  s e c t i o n  which w i l l  ha rd  mount t o  
t h e  h o i s t  on t h e  ?mA. 

5. T e s t  program. requ i rev l - t t c ,  f o r  t h e  hTr)i2 windov cover  mechaanis~ 
have br rn  coord ina ted  w i t h  S t r u c t u r e s  7ivisi .on of t h i s  l a b o r n t o r v  and 
a r e  i e i n a  e s t a b l i s h e d  i n  d e t a i l .  A d e c i s i o n  was reached t o  t e s t  t h e  
ncchanism w i t k o u t  t h e  winlow. 

6.  The ?rel: irninary conf i~- :u r ;~ t ion  of t h e  f o u r  m o b i l i t y  p o l e s  
ant1 t h e  con t inuous  c'utch shoe Iias been connic ted .  C l a s s  I documentat ion 
will hezir ,  as soon as a suitab1.c: meti!ocl f o r  m a n u f a c t u r i n ~  Lhe con t inuous  
(latch shoe can be  ohtainer!. from I l a n u f a c t u r i n ~  Pnqineerin:~,  La5ora to ry .  
Tt~c processes which a r e  beinr: cons idered  a r e  spi .nning,  hammer forming,  
and e x p l o s i v e  formins .  



7. The c o o r d i n a t c  s v s t c n s  f o r  t h e  W A  o r i e n t a t i o n  have been 
changed from t h e  launch v e h i c l e  axes  t o  t h e  Apollo payload axes .  The 
l a y o u t s  a r e  be ing  r e v i s e d  t o  r e f l e c t  t h i s  change,  

8. A s k e t c h ,  SKlO-1998, vns  prcpnred t o  show d e t a i l s  o f  
p r o v i d i n g  n window emplacement exper tment  i n  t h e  S-IVB s p e n t  s t a q e .  
The window expe%riment will be ground t e s t e d  by \ fanufac tu r ing  Engineer ing  
Laboratory  and t h e  documentation w i l l  be f u r n i s h e d  hy t h i s  l a b o r a t o r y .  

9. T3e C o n t r a c t  End I tem (CYI) s p e c i f i c a t i o n s  on +,he "IDA 
handl ing  and a u x i l i a r y  equipment (WAF) a r c  be ing  updatec? ns  t h e  r e -  
qu i rements  a r e  f i n a l i z e d .  Layouts from s t r u c t u r e s  3 i v i s i o n  on t h e  
w a l l  i n s t a l l a t i o n  a r e  be ing  n o d i f i e d  by t h i s  d i v i s i o n  f o r  f a b r i c a t i o n  
of hardware f o r  t h e  VD.4 1 g t r a i n e r .  A d e s i g n  and assembly p l a n  f o r  
t h e  1 g t r a i n e r  i s  be ing  p repared .  

10. A s t u d y  o f  t h e  YSFC quick  r e l e a s e  f a s t e n e r  d e s i g n  
(SK10-9264) r e s u l t e d  i n  a  50 percene  wefght  and snace  r e d u c t i o n  from 
t h e  o r i g i n a l  des ign .  A new concept a l s o  i n c o r p o r a t e s  a  s t a n d a r d  s e l f -  
l o c k i n g  i n s e r t  t o  p r e v e n t  t o r q u e  r e l a x a t i o n .  

11. A review h a s  been completed on t h e  equipment changes 
i n  t h e  forward and a f t  s k i r t  f o r  i n s t a z l a t i o n  of t h e  s o l a r  p a n e l s  f o r  
t h e  o r b i t a l  workshop miss ion .  F i v e  equipment p a n e l s  w i l l  7 o s s i b l y  
r e q u i r e  r e l o c a t i o n  a long  w i t h  numerous c a b l e  r o u t i n g s .  

3.  Apollo  Telescope Mount (A?'?$) Docum&ntation_ 

1. SR10-7266, "ATY Inboard I ' r o f i l e  Space Envelope Layout ,"  
was r e v i s e d  t o  i t s  AA r e v i s i o n .  The s o l a r  a r r a y  c o n f i g u r a t i o n  was 
changed t o  a  7-panel,  16-module p e r  ~ a n e l  a r r a y ,  r e s u l t j n g  i n  a  
d e c r e a s e  i n  t h e  wid th  and an o v e r a l l  i n c r e a s e  i n  t h e  dep th  of t h e  
p a n e l s .  Cecause of enlargement  of t h e  c o n t r o l  c o q p u t e r s ,  two batter it,^, 
a remote  d i g i t a l  n u l t i p l e x e r ,  and t h e  Fine sun s e n s o r  c o n d i t i o n e r  
assembly were r e l o c a t e d .  

2. SK10-7328, "ATTJ~ Experiment Package Subassemhl y ,"  was 
r e v i s e d  t o  i t s  K r e v i s i o n .  Some of t h e  major r e v i s i o n s  were as f o l l o w s :  

Added Goddard Space F l i g h t  Center  p r o p o r t i o n a l  co imter .  

Added d e t a i l  on s p a r  r i n g  a t t achment  and c a b l e  r o u t i n g .  

Defined f l a t  t o  round c a b l e  t r a n s i t i o n .  

3.  Drawing 10PICi3736, " P ~ o l l o  Tel escope FTount Alignment Con- 
t r o l  Drawinq," was r e v i s e d  accordinv, t o  i n f o r n a t i o n  r e c e i v e d  from S t r t i c r u r e s  
D i v i s i o n ,  A s t ~ i o n i c s  Labora to rv ,  and ? ianufac tu r ing  Engineer ing  Laborn torv .  
The drawing was r e l e a s e d  f o r  s i q n a t u r e s  and checking.  



4 .  Tlie p r e l i m i n a r y  C E I  s p e c i f i c a t i o n s  f o r  t h e  fo l lowing  end i t e m s  
were p repared :  

Lunar Module (LM)/ATM Assembly Covers f o r  T r a n s p o r t a t i o n .  

ATM Clean Room S c a f f o l d i n g .  

AT3 Ground Handling F i x t u r e .  

ATM P l a t f o r m  and Ladder Assembly. 

5. The i n v e s t i g a t i o n  on t h e  t r a n s p o r t e r  and p a l l e t  f o r  Apol lo  
4 p p l i c a t i o n s  Program (AAP)-4 payload was completed. The i n v e s t i g a t i o n  
produced t h e  fo l lowing  r e s u l t s :  

The mainstream Apollo payload t r a n s p o r t e r  can b e  used w i t h  
no m o d i f i c a t i o n  i f  t h e  ATE ground hand l ing  f i x t u r e  is des igned  t o  a d a p t  
t o  t h e  r e g u l a r  spacecra f t /LY a d a p t e r  i n t e r f a c e  on t h e  t r a n s p o r t e r .  
(The l o a d s  w i l l  have t o  be  coord ina ted  a s  soon a s  t h e y  are d e f i n e d  f o r  
t h e  U P - 4  program.) 

The p a l l e t  which i s  t h e  AT77 ?,round handlinp, f i x t u r e  w i l l  be 
r e q u i r e d .  T h i s  f i x t u r e  w i l l  p r o v i d e  t r a n s p o r t a t i o n  a d a p t a t i o n  t o  t h e  
payload t r a n s p o r t e r ,  environmental  p r o t e c t i o n ,  and c l e a n  room r e q u i r e -  
n e n t s  maintenance by a l l o w i n g  a  purge of t h e  enc losed  a r e a .  

1 t 6. SK10-7452,  owere red S o l a r  P a ~ c l  Study,  was c o n p l e t e d .  T h i s  
s t u d y  sho~red  t h a t  lowerinp t h e  s o l a r  pzriej u n i t s  8 i n c h e s  e l i m i n a t e d  
t h e  i n t e r f e r e n c e  w i t h  t h e  L?.l/ascent c t a r e  u m b i l i c a l  suDport  arm and t h e  
603 l e v e l  work p l a t f o r m  s u p p o r t s .  Rased on a  d e c i s i o n  between t h e  
P r o p u l s i o n  an:! V e h i c l e  fnq ineer inc :  anc? A 4 s t r i o n i c s  L a b o r a t o r i e s ,  a n o t h e r  
s t u d y  was made t o  d e t e r n i n e  t h e  f e a s i b i l i t y  of lowering t ? ~ e  s o l a r  p a n e l s  
12 i n c 5 c s .  Lowering t h e  s o l a r  p a n e l s  1 3  i n c h e s  wo~lld c a u s e  redesigr i  
o f  the a s t r o n a u t  work s t a t i o n .  

7 .  ?cquirements f o r  an ATY!T,"Q.scent s t a y e  hoisting: a d a p t e r  were 
d e f i n e d  a t  mee t inqs  with r e p r e s e n t a t i v e s  f r n ~  A s t r i o n i c s  Labora to ry  and 
t h e  Layout and Pacicaqiny S e c t i o n  of ?repulsion i ~ n d  Vehic le  En,o;incerinq 
Labora to ry .  A C C I  s p e c i f i c a t i o n  i n p u t  gas  p repared .  

O SI(l0-7453, "AT?!. Experiment ?nckar:e Access Study.  " was com- ' I .  

n l e t e d .  The s t u d y  shows t h n t  t h e  p resen ;  .4TY c o n f i g u r a t i o n  (I,V/ascent 
s t a g c ,  s o l a r  p a n e l s ,  and lower spncecra f t /Lrq  a d a p t e r  i n  p l a c e )  does  n o t  
p r o v i d e  a c c e s s  t o  a l l  e x p ~ r i m c n t  package  fit^ r e t r i e v a l  doors .  Access 
can be  ga ined  t o  t h e  a s t r o n a u t  work s t a t i o n  w i t h  some d e g r e e  o f  d i f f i c u l t y .  

9.  A new c o n f i q u r a c i o n  l a y o u t  f o r  t h e  ATM was i n i t i a t e d  t o  d e f i n e  
t h e  requ i rements  f o r  an a c t i v e  c o o l i n g  system. 



10. nrawing SKlG-994r), ".4TY P l e c t r i c a l  E c l u i p ~ e n t  9 e l o c a t i o n  
Study,"  was completed. Th is  drawinq shows t h e  r e l o c a t i o n  of e l e c t r i c a l  
equipment from t h e  upper  r i n r  and q u a r t e r  pane l  a r e a s  o f  t h e  r a c k  t o  
a r e a s  w i t h i n  t h e  r a c k  bays and s o l a r  s h i e l d  s u b s t r u c t u r e .  T h i s  s t u d y  
proposes  a  r a c k  s t r u c t u r e  ex tend ing  From t h e  l u n a r  module a s c e n t  s t a g e  
t o  t h e  rack s o l a r  s h i e l d .  The c o n c l u s i o n  of t h i s  s t u d y  i s  t h a t  t h e  
p r e s e n t  r ack  d e s i g n  does n o t  a l l o w  t:te enclosed mountin? f o r  a l l  com- 
ponents.  However, a r a c k  s t r u c t u r e  t h a t  ex tends  from t h e  l u n a r  module 
a s c e n t  s t a g e  t o  t h e  r a c k  s o l a r  sh ie l r l  w i l l  pe rmi t  p r o p e r  component 
mounting . 

11. Conceptual  des ign  i s  i n  p r o g r e s s  on a r a c k  t o  c a b l e  a r c h  
a d a p t e r  such t h a t  an  exper iment  nackage r o t a t i o n  of 215 d e g r e e s  ( t o t a l )  
can be  accommodated. 

C. Xuclear  Ground T e s t  Flodule (?:GTM) Test inp,  

1. The I n s u l a t i o n  R a d i a t i o n  T e s t  Tank Assembly Drawing, SR10- 
9263, was r e l e a s e d  f o r  s i g n a t u r e .  Some miss in^ i n f o r m a t i o n  w i l l  have 
t o  be added t o  t h e  drawinq l a t e r .  

2. S t u d i e s  a r e  underway t o  de te rmine  whether  an AS-203 manhole 
cover  can be  adapted t o  t h e  KT?! p rope l - l an t  h e a t i n g  t e s t  t a n k  f o r  v i s u a l  
moni tor inq dur ing  t e s t i n e .  I n i t i a l  r e s u l t s  i n d i c a t e  t h a t  t h e  l o c a t i o n  
and viewing a n g l e  of t h e  cameras w i l l  l i m i t  t h e  viewing, 

11. Svstems Opera t ions  

A. Apollo T e l e s c o ~ e  Yount (AT:?) mrechanical  Gronnd Support  
Eq t~ ipnen t  (YCSF:) 

Concurrence was o b t a i n e d  from NASA l i eadquar te r s  r e g a r d i n g  
an a c t i v e  f l u i d  t h e r n a l  c o n t r o l  subsystem f o r  ATM i n  l i e u  of a  n a s s i v e  
h e a t e r  system. Rased on p r e v i o u s  s t u d i e s ,  e x i s t i n g  ?"SF, may r e l u i r e  
~ o d i f i c a t i o n  and new MCSE w i l l  be r e q u i r e d  t o  s u p p o r t  t h i s  sys tem.  

I. The o n e r a t i o n s  a n a l y s e s  f o r  two o p e r a t i o n s  have been 
completed f o r  t h e  !IDA pre launch  sequence of o p e r a t i o n s .  A t e n t a t i v e  
m i l e s t o n e  c o m l e t i o n  d a t e  f o r  t h e  e n t i r e  pround sequence of Yay 1, 1968, 
h a s  been e s t a b l i s h e d .  A s i n i l a r  e f f o r t  i s  r e q u i r e d  f o r  t h e  ATY pre -  
launch sequence of o p e r a t i o n s  w i t h  an evpected complet ion d a t e  of 
J u l y  1, 1968. P r e l i m i n a r y  d a t a  w i l l  b e  made a v a i l a b l e  a s  genera ted .  

2.  P r e l i m i n a r y  work is  con t inu inq  t o  e s t a b l i s h  backup informa- 
t i o n  f o r  t h e  AAP-2 grollntl sequence of o p e r a t i o n s .  Opera t ion  summary 
s h e e t s  f o r  two t a s k s  have been comqleted f o r  t h e  Durnose of v a l i d a t i n g  
and demons t ra t ing  an  a n a l y s i s  t echn ique .  T h i s  t echn ique  w i l l  r 7 e l i n c a t c  
e v e n t  f u n c t i o n a l  f lows which w i l l  be  use?  t o  i d e n t i f y  2nd e x t r a c t  t e s t  
r e q u i r e n e n t s ,  n e c e s s a r v  h a n d l i r ? ~  e ~ u i p - l e n t  r e q u i r e n e n t s ,  and r e l a t e d  
f a c i l i t y  r e q u i r e n e n t s  For launch o q e r a t i n n s  a t  YSC. 
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C. .A.utomatic tT~bil i .ca1.  Reconnc_ct System 

The C r i t i c a l  Dc?si.cn Review ( O R )  was he ld  on ?!ovenher 1 7 ,  
1967, i n  b u i l d i n ?  4610. The CDR c o n s i s t e d  of a p r e s e n t a t i o n  by SECO 
of t h e  f i n a l  concept  and tlie sequence of o n e r a t i o n s  f o r  t h e  system. 
Ai l  iriforrnal c!iscussion of t h e  de ta i l . cd  rlesivn followed u t i l i z i n p ;  t h e  
r l e t n i l  d r a w i n ~ s .  A l l  d r a w i n ~ s  w i l l  b e  completed and ready  f o r  USFC 
by Oecember 4 ,  1967. 

111. Systems Engineer ing  

A .  O r b i t a l  Workshop (015) S im~bla t ion  

1. The requirement  f o r  a p a ~ : ~ n ~ c  t r a n s f e r  d e v i c e  f o r  t h e  O!ZS 
and Em." Crew S t a t i o r l  Reviews was c s t a h l i s i ~ e d  hv  nr, Fnninecrinr!  Tnfom,n- 
t i o n  Data (EI9) s h e e t  t o  t h e  l a b o r a t o r v  P r o j e c t s  n f f i c e  on Xovembcr 3 ,  
1967. 3 e s i p n  c r i t e r i a  f o r  t h e  packacc t r a n s f e r  d e v i c e  were inc luded  
wi th  t h e  EID. 

2. L i q h t i n y  requ i rements  fol- ttic T:$ and %A were r e l e a s e d  
"Jovenber 1, 1567, t o  k s t r i o n i c s  Labora to ry .  

3.  Iir~rnan f a c t o r s  c o n s i d e r a t i o n s  f o r  tl?e nTJS Press l i r e  R e l i e f  
Svstem were forwarded t o  P r o p u l s i o n  !> iv i s ion .  Kxperimental  da ta  i n d i c a t e s  
t h a t  a  F r e s s u r e  r i s e  r a t e  of 1 n . s . i . / ~ ~ : i n i : t e  i n  t h e  OVS i s  t o l e r a b l e  t o  
t h e  crew. Est imated a s t r o n a u t  emerqn-nc.7 e g r e s s  t imes  from 5 l o c a t i o n s  
and under 7  c o n d i t i o n s  w i t h i n  t h e  OIJr were nrovided.  

4 .  A review of s i m u l a t i o n  t e s t i n g  of workshon a c t i v a t i o n  
equipment and p rocedures  i n  t h e  Af t  dome a r e a  w a s  h e l d  w i t h  YSC n e r s o c n e l  
on Xovenlbcr 34 and 1 5 ,  1967. A d i s r t ~ s s i o n  of t h e  t e s t  proEram and t h e  
p r e l i m i n a r y  r e s u l t s  was h e l d  Novenber 2.4, 3967 ,  and an a s t r o n a u t  rev iew 
of t h e  Aft  p e n e t r a t i o n  s e a l i n g  t a s k  was c o n ~ l - e t e d  Soveribcr 1 5 ,  1967. 
As t ronaurs  Cooner, Lousma, sac! "cCnnd1t:ss p a r t i c i p a t e d  i n  n e u t r a l  
buoyant:: e v a l u a t i o n s  o f  t h e  nenetra tbor ,  s e a l i n ?  t a s k .  As t ronau t  comments 
p a r a l l e l e d  and v e r i f i e d  l a b o r a t o r y  f i n d i n g s .  

5. S imula t ion  of crew q u a r t e r s  c e i l i n g  dcnioyment an:i the 
crew q u a r t e r s  door e v a l u a t i o n  w a s  compietec! Piovember 23, 1967.  TFe 
p r e s e n t  concept  of c e i l i n g  d e ~ l o y n e n t  anpears  a c c e n t a b l e .  nne door 
concep t  was damaged, a p p a r e n t l y  d u r i n g  i n s t a l l a t i o n  and some d e l a y  In 
t e s t i n g  was n e c e s s a r y  t o  r e p a i r  t h e  rloor. A second concep t ,  which w a s  
d e l i v e r e d  l a t e  by ?I;,C, had t o  3e i n s t a l l e d  underwater. Tlie mechanis-n 
cou ld  n o t  he made t o  f l ~ n c t i o n  ~ r o ? r r f v ,  tF!crefnre ,  t h i s  d ~ s i y n  was n o t  
t e s t e d .  Both t e s t s  were dela17ed c?ue t o  incomnlete  assembly of t h e  ~ o c l r -  
lip p r i o r  t o  i n s t a l l a t i o n  i n  t h e  SeuC1-a1 Sr~oyancy F a c i l i t v .  procedures 

i n  n r o y r e s s  t o  p r o v i d e  f o r  mockup i n s p r c i t o n  5y t h e  d i v i s i o n  p r i o r  t o  
i n s t a l l a t i o n  w i l l  e i i m i n a t e  t h i s  problem. 



R. - Lunar Voclule (il:) /Apol lo  T+lescope  "ount (AT?*) ' ; o c k t ~ p s  

1. F i v e  mockun concep t s  ( 2  YSFC anti 3 YSC) of t h e  AT" c o n t r o l  
and d i s p l a y  p a n e l  i n t e g r a t i o n  i n t o  t 5 e  E:"wcre evaluated.  on November 1 5 ,  
1967,  i n  a  j o i n t  review by MSC ant1 "!ST.'(: h e l d  a t  t h e  c e n t e r .  T h e  '?SoC 
a l t e r n a t e  concept  developed by t h i s  d i v i s i o n  w i t h  f i x e d  p a n e l s  l o c a t e d  
i n  t h e  a f t  r i y h t  m i d s e c t i o n  of t h e  I.:1 was e s t a b l i s h e d  as t h e  b a s e l i n e  
concep t .  The human f a c t o r s  c o n s i d c r n t l o n s  i n c l u d e d  a s t r o n a u t  s a f e t y ,  
o p e r a b i l i t y ,  t r a n s l a t i o n ,  and a c c e s s .  A s t r o n a u t s  Cooper, C a r r i n t t .  
Cibson,  and Y i c h e l  p a r t i c i p a t e d .  i n  t h e  review.  

2. Problems w i t h  t h e  p o i n t i n o  and c o n t r o l  s i n u l a t i o n  (PCS) 
were d i s c u s s e d  w i t h  a r e p r e s e n t a t i v e  of  Computation T,aboratory on 
';ovembcr 20 ,  1367. The d i g i t a l  p r o q r a n s  f o r  S t a r  Tracker  node  and 
Canopus A c q u i s i t i o n  a r e  beinr: checlicd o u t .  Tf a l l  goes  w e l l ,  t h e  PCS 
s i n u l a t i o n  test r u n s  w i l l  b e ~ i n  on ?iovembcr 27 ,  1967,  i n s t e a d  of  t h e  
riovember 1 3 ,  1967,  p r e v i o u s  comrriitnent. 

C. P f u l t i p l e  Docking Adapter (Eml!)   lockups and P,evip_ws 

1. The follow in^ is  a sumTarp of  crew s t a t i n n  r e s u l t s  of 
t h e  F D A  d e s i g n  sys tems rev iews  h e l d  on ?Jovenber 14 t o  1 7 ,  1967: 

P r o v i d e  a  " c o n t r o l  s t a r i n n "  i n  t h e  Aft  ?4TL4/STS, 

'.?hen p o s s i 5 l e ,  l o c a t e  o t i i e r  ? P A  and fixec! exqer imcnt  tor.- 

t r o l s  i n  t h e  " c o n t r o l  r o o r  ." 
Feconf i a u r e  t h e  fonc i a r~ l  )"?.I t o  n r o v i d e  stownTe f o r  

equipment d i s p l a c e d  € o m  t h e  A f t  ?TA/STS. 

Route t h e  qaseous  oxygen supp lv  l i n e  fror! t h e  CI;"" t o  
t'le A?' c x t e r c l a l l v  on t h e  ".A. 

2. T h e  a s t r o n a u t  L ~ t c r f a c s  w i t b  t ! i f>  S t r u c t u r a l  T r n n s i t i  o r  
S ec r ion  (5TS) an? "'PA w a s  cl iscursed 3y div i  q io r  p r r s o n n c l  with a 
r e p r e s e n t a t i v e  of 'VC S t .  Louis ,  '%ssour-l, on 3ctol1er  3p fn  31, 
T13c conpanv r e p r c s e n t n t i v c  assiste?. in q r e ~ a r l n ~  a n  updater' 'Till 

i n i t i a l  p r e s s u r i z a t i o n  senucncc an6 , ~ r i e f c d  c i iv i s ion  pcrsovric? or. t ? p  
n r c s t n t  "J?A concept  f o r  q e r v i c  in$! t ' i l r .  l i r , u i d  coo led  ~ n ? c r ? ; 3 ~ e r  r 
suT,.;ort s!7sten. TZle 7 T A  en- ineerir;: i?ccklln vas rr.vicwer: n::d t h e  "TjA/STc 
C ~ S W  s t a t i o n  i n t e r f a c e  an:! p o t e n t i n 1  S'l'C, ~~~int?o-c,r nnc? p a n e l  a c c e s s  
~ r o 5 1 e n s  :%.ere discussc ,d .  It a y v c a r s  t h a t  IiTS a c c e s s  is  unaffected 1,y 
:?A i n t e r n a l  c o n f i e u r a t i o n ,  i. e .  , eit:!~;: n o u n t i n ?  s u r f a c e s  p r e s e n t  as  
mucIl of  an o b s t r u c t i o n  on i n i t i a l  ac t i l ra t l ion n s  do f o u r  w a l l s ,  b u t  
STq i n i t i a l  a c t i v a t i o n  a c c e s s  cwx n c \ r e r t h c l e s s  be  ach ieved .  



3 .  The Ail?-2 Astrollaut  ;IC.JLCW O u t l i n e .  Revis ion C,  w a s  tiis- 
tri11utc.tl on Yovember 8, 1967. Revisfor1 D of t h i s  document w i l i  5 e  
a v a i l a b l e  December 1 5 ,  1967, and Revis ton C ( f i n a l  r e v i s i o n )  w i l l  be 
pub l i shed  immediately p r i o r  t o  t h e  :VIA and OWS Crew S t a t i o n  Review 
i n  l a t e  January.  

4. The a s t r o n a u t  metabo l ic  1-oad p r o f i l e  f o r  AAP-2 m i s s i o n ,  
o r b i t a l  phase ,  w a s  p repared  and r e l e a s e d  by drawing; 10I-132154. T h i s  
i n i t i a l  p r o f i l e  i d e n t i f i e s  and l o c a t e s  major a c t i v i t i e s  of t h e  a s t r o n a u t s  
and p r o v i d e s  e s t i m a t e s  of b o t h  i n d i v i d u a l  and cumulat ive  h e a t  g e n e r a t e d .  
The f i r s t  seven days  of t h e  AAP-2 m i s s i o n  were analyzed w i t h  i n p u t s  from 
t h e  man system t i m e l i n e .  

5. Manned S p a c e c r a f t  Cen te r  (MSC) and MSFC a r e  working 
t o g e t h e r  f o r  e s t a b l i s h i n g  and c o n t r o l l ~ n g  t h e  stowage c o n f i g u r a t i o n  f o r  
AAP-1 and AAP-2. The c u r r e n t  l i s t ,  dat:ed October 30, 1967,  c o n t a i n s  
MSFC i n p u t s  d e r i v e d  from l a y o u t  drawings ,  exper iment  i n t e r f a c e ,  r e q u i r e -  
ment documents, exper iment  implementatLon p l a n s  and from i n d i v i d u a l  
c o n t r i b u t i o n s  i n  a d d i t i o n  t o  t h e  FISC i n p u t s .  

D. Iiuman F a c t o r s  F x ~ e r i r n e a  

1. Urine  dumping from exper iment  ?TO52 (Bones and ?fuscle 
Chanqes) could  Dresent  a  s i g n i f i c a n t  con tamina t ion  problem t o  t h e  S-IVR 
s o l a r  a r r a y  p a n e l s .  During each 24 hour  p e r i o d  of AAP-2 m i s s i o n ,  
a ~ ~ r o x i i n a t e l y  1 . 3  g a l l o n s  of l i q u i d  u r i n e  w i l l  be dumped overboard from 
t h e  OWS. I f  t h i s  l i q u i d  impinges on t h e  s o l a r  a r r a y  p a n e l s  b e f o r e  t h e y  
c r y s t a l i z e ,  t h e  e f f i c i e n c y  of t h e  p a n e l s  w i l l  be s i g n i f i c a n t l v  a f f e c t e d .  
P r o p u l s i o n  D i v i s i o n  is c u r r e n t l y  e v a l u a t i n g  t h i s  problem a r e a  and w i i i  
make t h e i r  recommendations when t h e  s t u d y  i s  concluded.  

2 .  An exper iment  i n t e g r a t i o n  meet ing f o r  F1153, "IIuman 
V e s t i b u l a r  Funct ion,"  w a s  h e l d  on November 1 5 ,  1967, under  t h e  d i r e c t i o n  
of t h i s  d i v i s i o n .  It was e s t a b l i s h e d  t h a t  M053 w i l l  now u t i l i z e  MSFC 
f u r n i s h e d  m u l t i p l e x e r s  i n  t h e  OWS f o r  t e l e m e t r y  i n s t e a d  of t h e  Exneriment 
Data A c q u i s i t i o n  System. - P h y s i c a l  d a t a  t o  be r e t u r n e d  was reduced from 
seven teen  pounds t o  one pound. A n w  f o u r  ' jox package concept  for  '-"1353 
w i l l  r e p l a c e  t h e  o l d  s i n g l e  box conceplr. 

3 .  An exper iment  i n t e g r a t i o n  meet ing f o r  TOi3, "Crew-Vehicle 
Dis tu rbances , "  was h e l d  an Xovember 21,  1367,  under  t h e  d i r e c t i o n  of 
t h i s  d i v i s i o n .  Some of t h e  more s i g n i f i c a n t  a c t i o n s  t h a t  r e s u l t e d  from 
t h e  meet ing were as fo l lows :  

P h y s i c a l  r e t u r n  d a t a  were reduced from 20 pounds t o  
5 pounds. 

Langlcy Research Cente r  (LKC) w i l l  s t u d y  t h e  f e a s i b i l i t y  
of lock ing  t h e  exper iment  qyros  and e l i m i n a t e  power requ i rements  d u r i n g  
t h e  p re launch  and launch phases .  



!?SFC w i l l  cit3terrlir.e t1:e ontimum packaoc s l z e  and the nu~5c1-  
of packnc.,cs f o r  t r a n s l a t i o n  i n t o  the O\!S. 

Durinq t h e  o p e r a t i o n  of exneriment T013,  t h e  a s t r o n a u t  
w i l l  wear a l y c r a  s u i t  contain in^ t h e  necessa rv  p o t e n t i o m e t e r s  and a  
11el t pack t r a n s m i t t e r .  Othcr  exper iments  w i l l  have t o  be  mechan ica l .1~  
i n a c t i v e  f o r  npproximatelv  80 minutes  w h i l e  TO13 i s  i n  o p e r a t i o n  t o  
n r c v e n t  v e h i c l e  d i s t u r b a n c e s .  

4. An i n v e s t i g a t i o n  was made t o  cictermine t h e  exncr iment  
requirement  f o r  t h e  ??DA bulkhead winolows. O r i q i n a i l y ,  t h e  "I312 windows 
were i n c o r p o r a t e d  t o  s a t i s f y  t h e  o b s e r v a t i o n  r e q u i r e n e n t s  of s e v e r a l  
exper iments ,  some of which r e q u i r e d  u l t r a v i o l e t  and x-ray measurements. 
However, on ly  one exper iment ,  Yulti-!:ank T e r r a i n  Photograplry (S065) ,  from 
t h e  p r e s e n t  b a s e l i n e  l is t  now r e q u i r e s  t h e  u s e  o f  t h e  m.4 windows. I t  
was recommended t h a t  fused s i l i c a  g l a s s  P!RO 115-905 Type I ( e q u i v a l e n t  
t o  Corning 7940) 'be  used f o r  t h e  MDA bulkhead windows. This w i l l  
a l s o  p r o v i d e  t h e  o b s e r v a t i o n  c a ~ a b i l i t y  t o  meet any cont ingency.  

5. E v a l u a t i o n  of ?ISFC exper-iment nunber 23 (leak. d e t e c t o r )  
was completed. Var ious  exper iment  l o c a t i o n s  were proposed and a recominended 
l e a k  s o u r c e  c o n f i g u r a t i o n  w a s  g iven.  Cross  a s t r o n a u t  f u n c t i o n s  were  
i d e n t i f i e d  and human f a c t o r s  aird requ i rements  r e l a t e d  t o  t h e  
work s t a t i o n  were p r e s e n t e d .  

6. Eva lua t ion  of e x n e r i r n e ~  t '7507, G r a v i t y  S u b s t i c u t e  Workbenct~, 
was completed. The e v a l u a t i o n  inc luded  p r e l i m i n a r v  i c ! c n t i f i c a t i o n  o f  
human o p e r a t o r  and e q u i ~ m e n t  des ign  requ i rements ,  p r r l i m i n a r v  i d e n t i f i -  
c a t i o n  of human o n e r a t o r  and equinmect d e s i g n  requ i rements ,  p r e l i m i n a r v  
i d e n t i f i c a t i o n  of p o t e n t i a l  s a f e t y  h ~ z a r d s ,  and d i s c u s s i o n  of t h e  work- 
bench a s  a c e n e r a l  r e p a i r  s u p p o r t  dev ice .  

E. Cont rac t  A c t i v i t i e s  

1. The f i n a l  d r a f t  a n a l v s i s  f o r  Ccnera l  E i c c t r l c  ( C E j  con- 
t r x t  NAS8-18117, "Tiurnan Z n g i n e e r i n ~  Data f o r  " fa in tenance  & Repair  of 
Advance Space Svsterns," w a s  completed and t rnns in i t t ed  t o  GI? (Va l lev  
Forge) on November 6 ,  1967. The colnnletion of t h e s e  a n a l y s e s  w a s  t c n  
days l a t e .  I t  i s  n o t  y e t  known whether t h i s  a d d i t i o n a l  d e l a v  w i l l  a f f e c t  
t h e  f i n a l  r e p o r t  complet ion d a t e s .  

2. The f i r s t  group of s u b j e c t s  was r u n  under c o n t r a c t  ?!AS%-21118, 
I I Man-System Locomation Cont ro l  and Displ.a:-~ C r i t e r i a  f o r  E x t r a t e r r e s t r i a l  
Vehicles, Phase  11" on Wednesday, No-~c~cber 28 ,  1967. T h i s  is approx imate ly  
two months behind schedu le .  A numbex of eqtij.pment and d a t a  c o l l e c t i o n  
problems have i n t e r f e r e d  w i t h  t h e  p r c z r e s s  of t h e  program. 



F. \#<eight  S t a t u s  Repor t  

The AAP monthly  pay load  w e i g h t  s t a t u s  r e p o r t  f o r  C l u s t e r  was 
comple t ed  and d i s t r i b u t e d .  

IV. Systems Requirements 

T e s t  P l a n s  and S p e c i f i c a t i o n s  

1. P r e l i ~ i n a r y  d r a f t s  o f  t h e  Auxil i a r v  A l t i t u d e  C o n t r o l  Sys tern 
(hhCS) s p e c i f i c a t i o n ,  AACS R&D P l a n ,  and t h e  AACS Sys tems T e s t  P l a n  were  
comple t ed  f o r  t h e  Apo l lo  A p p l i c a t i o n  Proqram (NIP) .  

2 .  P r e l i m i n a r y  d r a f t s  o f  t h e  S o l a r  Ar ray  R&D P l a n ,  end i t e m  
s p e c i f i c a t i o n  and t h e  System T e s t  P lan  were  comple ted  and d i s t r i b u t e d  
f o r  r ev iew.  

3.  Data was a s sembled  f o r  n r e p a r a t i o n  o f  t h e  A?q/MDA I n t e g r a t e d  
T e s t  P l a n .  T h i s  document wi1.l c o n t a i n  test  i n f o r m a t i o n  f o r  t h e  com- 
b i n e d  A M I ~ A  i n t e g r a t e d  t e s t i n g  t o  be crrnducted a t  MSFC, h!SC, and WC. 

4. b.ssembly o f  a l l  a v a i l a b l e  i n f o r m a t i o n  n e c e s s a r y  f o r  w r i t i n g  
c i ~ t ~  AT*f Sys tems T e s t  P l a n  con t inue t i  d u r i n c  t h i s  r e p o r t i n q  p e r i o d .  It 
wac; tentatively a g r e e d  t h a t  t h i s  clocl~ment would n o t  be  a t r u e  s y s t e m s  
p l a n  i n  t h a t  t h e  main bodv would o u t l i n e  l a b o r a t o r y  p o l i c i e s ,  g u i d e i i n e s ,  
s c h e d u l e s ,  e t c . ,  w i t h  t e s t  e f f o r t s  cove red  bv append ixes .  Cach a p p e n d i x  
\:ill c o v e r  a s p e c i f i c  phase  of t e s t i n n , ,  i.e.; s t r u c t u r a l ,  v i b r a t i o n ,  
acous t i c . ; ,  t h e m a l l v a c u u ~ ,  a n i  w i l l  ; ~ e  .added t o  t h e  test  p l a n  as t h e y  
become a v a i l a b l e  from t h e  responsible a c t i v i t y .  



GEORGE C. MARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS REPORT 

PROPULSION DIVISION 

November 1, 1967 through November 30, 1967 

SATURN IB 

A. S-IB-4 Engine Thrus t  Chamber Corrosion 

An inspection of H- 1 engine thrus t  chambers  revealed surface 
corrosion forming on a l l  engines. This corrosion i s  caused by the long 
exposure of the thrust  chambers to the highly corrosive sa l t  spray 
atmosphere;  however, i t  has  not progressed to a point where i t  will be 
detrimental to thrus t  chamber operation or performance. The corrosion 
deposits were  removed, and the thrust  chambers  of a l l  engines were  
completely repainted. 

B. S-IB-4 Gimbal System Sampling 

Hydraulic fluid samples were taken f rom the gimbal sys tems 
on positions one and three.  Analysis of the samples revealed no t r a c e  
of the sil t  that was previously seen in the systems.  Apparently the 
hydraulic sys tem purge and fill procedure i s  effective in removing the 
smal l  par t ic le  contamination. No further fluid sampling i s  planned 
unle s s component malfunctions a r e  encountered. 

11. S-IVB Stage 

ORBITAL WORKSHOP 

1. . Storage Analysis 

Pre l iminary  analyses indicate that curtain temperature var ia -  
tions will be between a maximum of approximately 58 "F and a minimum 



of approximately 9 O F .  The temperatures  cannot be predicted until 
vehicle ro l l  r a t e s  a r e  established. 

2.  Meteoroid Shield Close-Outs 

Analysis indicates that 900 Btu/hr of internal heat will be 
requi red  to offset heat  leakage out the ends of the 5-inch gap between the 
nzeteoroid shield and the tank wall. This analysis was performed for a 
gravity gradient mode with a 53 "j.3 angle. The perpendicular to Orbital  
Plane (POP) mode should have a significantly la rger  heat leak. A 
flexible curtain with an  inner surface emiss i~r i ty  of .05  and an outer su r -  
face emissivity of .9 i s  recommended to close out this gap. Such a cur - 
tain would reduce the heat leak to negligible proportions.  

3 .  Penetration Heat Leaks 

Analysis of eleven metal  insulation penetrations indicates that 
in some places the astronaut  touch l imits  of 55 O F  to 105 O F  will be exceeded; 
however, many of the penetrations a r e  behind the thermal  curtain and a r e  
not apt  to be touched. Also, a l l  the af t  end penetrations a r e  out of r each  
of the astronauts .  Exceeding the touch cr i te r ia  in local a r e a s  i s  not 
expected to be of concern. 

4. Increase Duct Flow Rates  

By increasing duct flow r a t e s  to 675 cfm and adjusting the 
coating emissivit ie s ,  the minimum wall temperatures  for the coide s t  
sun-oriented case  can be increased f r o m  40 to 57°F. For  the coldest 
P O P  mode case,  the wall temperature inc reases  f r o m  20 to 34OF. For  
hottest  case  conditions, the wall temperatures  do not inc rease  signifi- 
cantly. These changes reduce internal heat requirements  about 3000 
Btu/hr for Mission "A". 

5. Environmental Contr 01 System Heater 

A heater for the OWS environmental control sys tem i s  being 
designed. Pre l iminary  design of the heater was completed, and sketches 
were  submitted for thermal  analysis.  A procurement  specification for 
the heater  assembly i s  being prepared.  



SATURN V 

I. Apollo /Saturn Vehicles 

A. AS- 50 1 Engineering F i l m  Evaluation (All Stages) 

The evaluation of the fi lm i s  approximately 90 percent  com- 
plete. Film evaluation difficulties occurred, because a contr 01 power 
and timing 10s s during the period of 0.6 to 1.0 second made it impossible 
to project a t ime curve for this period. In addition, the ground support 
equipment holddown a r m s  were  re leased  during this power failure.  As  
a resu l t  the t ime of vehicle f i r s t  motion cannot be established f r o m  the 
film, and disconnect t imes  of the holddown a r m s ,  the tail  service m a s t s ,  
and the swing a r m  umbilicals (except S-IC inter tank, swing a r m  No. 1)  
cannot be shown. All the following i tems have t imeldata  lo s s  during 
power failure: 

1. Retraction rat io  of tail  service m a s t s  and swing a r m s .  
2 .  Vehicle motion (fir s t  5 mete? s ) .  
3. Horizontal rriotion of the base of the S-IC stage. 
4. Vehicle/LUT relationship lift-off to tower clearance.  

The two on-board cameras  were  recovered.  The quality of this f i lm 
was  excellent. 

B . Evaluation of Flight AS- 50 1 Data on Retro and Ullage Motor s 

Data obtained f rom flight AS- 50 1 on the r e t r  o and ullage motor s 
indicates a l l  solid motors  f i red;  however, some of the data was blanked- 
out due to te lemetry attenuation. More complete data taken f r o m  the on- 
board tape recorder  will be obtained f rom the pr ime contractors .  

C. Saturn V Flight Crit ical  Components Review 

The cr i t ica l  i tems which sti l l  requi re  action and/or  additional 
testing for AS- 502 or AS- 503 a r e  a s  follows: 

S-IVB - 29 
S-I1 - 14 

In addition, there a r e  6 i tems in formal  qualification testing 
for the AS-503 S-IVB Stage, oxygen-hydrogen burner system. 



11. S-IC Stage 

ENGINE 

1. S-IC- 1 Flight Data Analysis Indicates No 
F- 1 Engine Problems 

Analysis of the flight data received to date indicates that 
there  were  no F- 1 engine-related problems during the flight of S-IC- 1. 

2. S-IC- 1 Engine Gimbal  System Flight Data Evaluation 

All gimbal system pa ramete r s  were  in the range that 
was expected. Five sys tem measurements  were  lost ;  the fi l ter mani- 
fold differential p res su re  transducer s were  faulty, and the r e tu rn  fluid 
temperature measurement  on position 4 a l so  failed to provide useful 
data .  The filter manifold differential p r e s s u r e  transducer problem will 
be cor rec ted  for S-IC-2 and subsequent stages.  The maximum gimbal 
angle  during the flight was 0. 6 degrees.  This i s  only a fraction of the 
maximum capability of 5 . 2  degr ee s . 

3. Outboard Engine Depletion Sensor 

The effect of dry  indication of the outboard engine deple- 
tion sensor was investigated. It was iound that pr ior  to lift-off one (of 
two) fuel or two (of four) LOX sensor dry  indications will inhibit the 
beginning of the automatic s t a r t  sequence and r e su l t  in a no-go condi- 
tion. After lift-off, the above indication will cause a l l  outboard engines 
to shut down subsequent to "outboard engines cutoff enable" signal (145. i 
seconds after lift-off for SA- 50 1).  

B. S-IC- 1 Stage Pressurizat ion System Performance  

I .  Fuel  Tank 

The helium pressurizat ion sys tem performance was sat is-  
factory, and the helium heat exchanger performance was within specifi- 

cation l imits .  

2 .  LOX Tank 

The pressurizat ion system maintained the ullage p r e s s u r e  
within the flight control l imits .  The COX flow control valve fully opened 
a t  120 seconds because of the la rge  pressurant  demand that resul ted f r o m  
heat exchanger performance being greatly off-design. The cause for the 
off-design performance i s  being investigated. 



C .  S-IC- 1 Stage Base and Impingement Heating 

The base region environment agreed fairly well with pr  e- 

dictions in r ega rd  to total heating and base p res su res .  Therefore,  

i t  does not appear likely that a substantial amount of insulation can be 
removed f rom the F- 1 engines. 

D. Subscale 120-inch Diameter Solid Motor Model Tes ts  

Four  t e s t s  have been conducted to date using subscale 120- 
inch diameter solid motor s strapped on to a subscale S-IC stage to 
evaluate the effects of solid motor exhaust on a scale model of launch 
complex 3 9 .  Test  resu l t s  indicated there  would be no significant 
adver se effects on the launch complex by the solid motor exhaust. All 
tes t s  were conducted with a ze ro  dr if t  condition on the vehicle and a 
ze ro  degree nozzle cant angle on the solid motor s .  The next s e r i e s  of 
t e s t s  will be conducted with maximum drif t  on the vehicle followed by 
t e s t s  using solid motors  with a six degree nozzle cant angle. 

ILI. S-I1 Stage 

A. J - 2  ENGINE 

1. SA- 50 1 Flight Data Analysis 

Pre l iminary  analysis  of the flight data indicates that there 
were  no J- 2 engine related problems during the flight. As a r e su l t  of the 
analysis  the J- 2 s t a r t  tank ref i l l  capability will be eliminated for S-XI/ 502 
since r e s t a r t  i s  not required. 

2. R&D Testing a t  SSFL 

Seventeen t e s t s  were  conducted, and a total of 1225 seconds 
were  accumulated. None of the tes t s  were full-duration runs .  One t e s t  
was terminated prematurely by a faulty safety cutoff device. 

3 .  Product ionEngine T e s t s a t S S F L  

Nine tes t s  were  conducted, and a total of 765 seconds was 
accumulated. None of the tes t s  were full-duration runs .  One t e s t  was 
terminated premature ly  due to a f i r e  a t  a loose fitting on the thrus t  
chamber.  



4. 5-2 Engine Test  a t  AEDC 

Eight hot firings and two blowdowl~ stall  tes t s  were  run 
in support of the S-I1 fracture mechanics problem. Seven of the eight 
hot firings were  conducted with a simulated S-I1 fuel tank pressure .of  
27.0 psia.  The remaining hot f i re  tes t  was conducted to establish base  
data a t  maximum fuel pump NPSH. T'he engine operated satisfactorily 
during these tests ,  and no significant detrimental effects were  observed. 
Further  low fuel pump NPSH tests  with the present  configuration engine 
and fuel ducts a r e  scheduled for December. 

5. J-2X Turbopump Hot LH, Cavitation Evaluation 

The Rocketdyne cavitation testing of the J -2  fuel pump 
with hot LH2 was completed. Results indicate that the minimum bulk 
saturation p ressu re  for nominal engine operation of the S-IVB stage 
will be very close to the tank p ressu re  limit. I t  may, therefore,  be 
possible to operate the S-IVB stage with ze ro  tank NPSH and no 
orbital  pres tar  t r ep r  essurization system. 

6 .  J- 2X. Experimental Engineering Program 

Testing continues on the J-2X 0 13- 1 Engine to investi- 
gate propellant valve throttling on J- 2s configuration hardware. Thirteen 
(13) tes t s  were conducted for a total duration of 929 seconds. Standard 
main propellant valves were  incorporated for thrust  control during the 
ear ly  t e s t s  with marginal success.  Later t e s t s  have used special cavita- 
ting venturi valves to control main propellant flow. Problems have been 
encountered with flow instabilities and valve control. 

7. J -  2s Engine 

The study to adapt the J - 2 s  to S-I1 and S-IV3 stages of 
2 13 and 5 13 was completed. The pressurization system hardware must  
be requalified i f  the present  5- 2 pressurizat ion interface requirements  
cannot be met.  

B .  S-11-501 Stage 

1. Evaluation of Engine Gimbal System Flight Data for AS- 50 1 

All four systems performed a s  predicted. Some system- to- 
sys tem variation was probably due to instrumentation shifts, since gr cud 



sys tem calibrations were not performed a t  KSC. During the CDDT, 
low rese rvo i r  levels  were  observed on two systems.  This was sub- 
sequently corrected by bringing up the accumulator precharge to 
specification levels.  The countdown EGS sequence recommended by 
MSFC was employed for this launch. Very few hardware replacements  
o r  modifications were  required for the four S-I1 systems,  because they 
were  built up on the stage. 

2. Pressur iza t ion  System Performance  

Liftoff tank p r e s s u r e  was lower than expected 
due to low LOX vent valve seating p r e s s u r e s  (out of specification). This 
caused the engine s t a r t  p r e s s u r e s  to be a t  the required minimum of 35 
psia .  The decay r a t e  of 1.6 ps i /min  was grea ter  than the 1 .4  p s i l m i n  
expected decay. The 2 ps i  ullage decay following engine s t a r t  and 16 
seconds recovery t ime was a s  expected. Engine 4 LOX heat exchanger 
exit temperature was 150" hotter than the other four .  The cause of this 
anomaly was attributed to a plugged heat exchanger inlet. The GOX flow 
control valve fully opened a t  350 seconds into burn. This was attributed 
to the l a rge  flow demand created by the low temperature and p r e s s u r e  of 
the pr  e s  surant  medium a t  the flow control valve inlet. 

3. Base and Impingement Heating 

The Base environment appear s to be substantially l e s s  
seve re  than the design environment. The J- 2 insulation appear s 

adequate; a l l  insulated components stayed well below their allowable 
tempera tures .  

4. LH, Stratification 

The stratification data a r e  being evaluated. It a p p a r  s 

that heat loads to the LH, tank were  significantly reduced by i c e l f r o s t  
formations.  The propellant temperature and stratification were  lower 
than predicted, but they ag ree  well with the analytical model when 
reduced heating i s  superimposed. 

5. LH, Tank Insulation 

During the countdown and launch, the previously de ter -  
mined procedure s performed acceptably. TV inspection just pr ior  to 

launch showed no insulation problems of concern. During flight, the 

internal  bursting p r e s s u r e  in the insulation did not exceed 4 psig,  
which was slightly below predicted p ressu res .  Insulatron surface 
tempera tures  were  a lso  below predicted values, and tentatively, this  
i s  attributed to f r o s t  on the outer surface.  The flight data a r e  sti l l  

being analyzed. 



C. S-11-2 Flight LOX Pump Inlet P r e s s u r e  Profi ie  

During S ta r t  Transient  

The p r e s s u r e  profile during s t a r t  t ransient  was predicted 
fo r  a given flow r a t e  t ransient  and tank p r e s s u r e  history. The re su l t s ,  
which will be used for simulation a t  the Arnold Engineering Develop- 
ment  Center (AEDC), reveal  a momentum p r e s s u r e  loss  of 2 ps i  for a 
LOX outboard suction duct length of 7.34 feet. A recovery t ime of 
16-18 seconds will be needed to r each  the control p r e s s u r e  range (36-37.5 
ps ia)  with a 3 5 psia  initial pump inlet  p ressu re .  

IV. S-IVB Stage 

A. S-IVB- 50 1 Stage 

1. Evaluation of Enpine Gimbal System Flight Data 

All gimbal sys tem paramete r s  were  within specifications 
for both burns,  and a l l  redline c r i t e r i a  were  m e t  pr ior  to liftoff. No 
auxiliary pump-motor thermal  cycles were  required during orbital  
coast.  The re se rvo i r  level was lower than nominal during liftoff and 
f i r s t  burn due to a low system oil level and temperature of accumulator 
precharge.  The level did go up to 32 percent  during the second burn 
due to the heat input to the system. Also, only 30 percent  of the actuator 
force  capability was employed, and 1 .2  " engine deflection was observed 
during the course of both burns.  

2. APS Flight Evaluation Sumnar: ,~ 

This evaluation was based on flight data available for the 
periods f r o m  T f 240 seconds to T f 700 seconds and f r o m  7 + 11,300 
seconds to T 3 11,800 seconds. The APS performance during these 
periods was satisfactory. T h e  performance pa ramete r s  of the sys tems 
were  generally well within their normal  values.  Deviations f rom the 

predicted value s were noted on the helium tank pr  e s sur e, which indicated 
corresponding deviations f r o m  the predicted propellants consumed. The 
total amount of propellants consumed by modules I and 111 throughout the 
flight until T + 11,800 seconds was estimated ta  be approximately 69 p e r -  
cent and 65 percent  (r espectively) of the predicted values.  This indicates 
that the altitude control demands during the flight were  not a s  much a s  
was anticipated. 

3 .  Actua t ionPressu re  Loss  During Flight 

The exact location of the leakage i s  unknown. Based on 
the data available, i t  appea r s  that the leak was downstream of the 



regulator and probably f rom one of the actuation control modules. The 
modules in question will be replaced with newly designed modules on 
S-IVB-205, -502, and subs. 

4. Base and Impinqement Heating 

The S-IVB /J- 2 orbital  temperatures  and impingement heat- 
ing r a t e s  a r e  being investigated in detail. Pre l iminary  information indi- 
cates  cool orbi ta l  tempera tures  and li t t le impingement heating. 

5. Low Gravity Propel lant  Control 

A prel iminary review of the data was made to determine 
the measurement  locations in  the propellant tank ullage regions that 
sensed liquid during the low gravity periods of orbit  inser t ion and J-2 
engine r e s t a r t  preparations.  Since the S-IVB gas tempera ture  and 
liquid-vapor sensors  a r e  not suitable for operation in low gravity, only 
l imited conclusions can be derived f rom the data. The following observa-  
tions were  made: 

a .  Orbital  Inser  tioil 

(1) LHZ Tank - Measurements on the instrumenta- 
tion probe indicated no significant liquid motion. Liquid was indicated 
by the s ix internal skin temperatures  distributed on Position I between 
the slosh baffle and deflector. 

(2) LOX Tank - No liquid motion was detected, but 
a l l  instrumentation was located on the instrumentation probe, and there-  
fore ,  liquid motion a t  the tank walls could not have been detected. 

b.  Res ta r t  Sequence (Initiated a t  flight t ime = 1 i ,  160 sec.  ) 

(1) LH, Tank - The presence of liquid was indicateu 
by most  of the sensors ,  both on the instrumentation probe and internal 
skin, between the slosh baffle and deflector pr ior  to 11,160 seconds 
(beginning of pitch and yaw maneuver s ,  r epr e s surization, and ullage 
engine thrust) .  I t  cannot be d e t e ~ m i n e d  when this liquid impinged on 
the sensor s until additional data a r e  received. The sensors  above the 

deflector detected liquid a t  random t imes  and locations after 11, 160 
seconds. 

( 2 )  LOX Tank - All liquid-vapor sensors  indicated 
liquid pr ior  to and during engine r e s t a r t  preparation; however, the gas 
tempera ture  measurements  seem to indicate the presence of vapor.  



B. Redesign of the S-IVR Engine Gimbal System for 
Majority Voting Actuator s 

The gimbal sys tem will undergo a major  redesign in o rde r  
to incorporate the majori ty  voting actuator s . The following sys tem 
changes a r e  a l so  being made: 

1. Reduction of s y s t e m p r e s s u r e f r o m  3650 to 3000 psi .  

2. R e  setting and requalification of the engine- driven main 
pump, low pr e s sur e relief valves, and high pr  e s sur e relief valve. 

3 .  Design and development of a higher flow, lower p r e s s u r e  
auxiliary pump that will match  the pr  c sent dc motor charac ter i s t ics .  

4. Installation of springs in the r e se rvo i r  that will c r ea te  a 
positive inlet p r e s s u r e  for both pumps in the event that the accumulator 
precharge  i s  lost .  

5. Rerouting of tubing and flexible hoses will be compatible 
with the above changes. 

C. Cryogenic Valve Electr ical  Connectors 

I t  was recommended that a l l  cryogenic valve electr ical  con- 
nectors  on the S-IVB stage be reworked to debond the connector in te r -  
facial  sea ls .  Experience has  shown that the siiicon wafer - to-glass  
in se r t  bond induces cracking of the g lass  a t  cryogenic tempera tures .  

A.  Instrument  Unit Purge  Tes t  

Hardware i s  being coliected for flow t e s t s  to determine the 
availability of IU purge gas  for cooling the Radioisotope Ther ma1 
Generator (RTG) on the Lunar Module descent stage. Testing will be 

completed by January 15, 1968. Changes reqxired will be incorporated 
on AS-505 to accornrnodate the RIG. 

3 .  Regulator Life Tes ts  

The Gas Bearing Regulator is  being subjected to the extended 
l i fe  tes t .  The external leakage of the regulator was slightly above the 
specified l imits .  The regulator now has  300 hours  of t e s t  t ime and i s  
operating satisfactorily.  A 2000-hour l ife t e s t  will begin on the S-IC 
stage regulator in  December.  



Sublimator 

Acceptance testing was completed successfully on Sublimator 
S IN 24 and S/N 26. A production reliability t e s t  was successfully com- 
pleted on SIN 26. SIN 27 and SIN 29 a r e  awaiting test .  

SPECIAL STUDIES 

I. Investigation of Freon E-3 a s  a Low Temperature 
Hydraulic Fluid 

The final t e s t  r epor t  for the Vicker s Pump was issued. An 
American Brake Shoe Pump was installed in the Freon E- 3 t e s t  setup. 
The pump was operated for 22 minutes when the input shaft of the torque 
transducer (par t  of the tes t  equipment) sheared, interrupting the tes t s .  
The transducer i s  being repaired.  

11. Gas Bearing Regulator (20M420 12) Extended Life Tes t  

Approximately 350 of the 1500 hour extended life t e s t  were corn- 
pleted satisfactorily.  Tes ts  a r e  continuing. 

The passivation of the S-IVB stage was revised,  based on a 
Command and Service Module (CSM) docking time of 30 hours.  The 
basic  passivation concepts previously established a r e  sti l l  employed. 
The only difference l i e s  in dumping the cold helium bottles directly 
into the LOX nonpropulsive vent downstr earn of the vent valves. This 
mode i s  accomplished by the addition of a new line and squib valves. 
It offers the advantage of continuously venting the cold helium and 
eliminates the possibility of p res su re  buildup in this  sys tem during 
habitation. 

IV. Apollo Telescope Mount (ATM) 

A. ATM Thermal  Control 

Experiment Canister 

A decision was made to use  active liquid cooling of the 
experiment canis ter .  A prel iminary design study was completed. A 
two-loop system, which uses  a CSM p u n p  and glycollwater in the 
canister cooling loop and a Gemini pump and. Coolanol 1 5  fluid in the 
radiator  loop, i s  being considered. This sys tem will allow maximum 
use  of off-the- shelf hardware and compatible fluids. 
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2 .  Rack-Mounted Components 

Thermal  analyses show that a l l  but three of the rack-  
mounted components will operate within design l imi ts  during ATM 
active operation, but that many of the components located on the r ack  
r ing will get too cold during the pre-operational period between orbital  
insertion and ATM activation (- 75 hours) .  The preoperational problem 
can be solved by orientating the ATAM side-toward- sun and slow rol l .  An 
al ternate  solution i s  the use  of a thermal  cover,  such a s  mylar ,  over the 
r ack  components; however, this i s  not desirable ,  and probably not feasi-  
ble, f rom the standpoint of the Extra Vehicular Activity (EVA) requi red  
for  cover removal  pr ior  to operation. Another approach i s  being analyzed 
m-herein a l l  components, except the s tar  t racker ,  a r e  mounted on the r ack  
sides,  so they will receive thermal  protection f rom the folded solar panels 
during the preoperational mode. Since the s ta r  t r a c k e r ' s  location i s  fixed, 
it may requi re  a heater or  insulation. 

3 .  ATM Spar Thermal  Deflection Tes t  

The final t e s t  r e p o ~ t  was released.  

4. Quadran t IVThermal  Tes t  

The change in the ATM thermal  control concept, f r o m  a 
passive to an active system, required a change in t e s t  objectives. A 
s e r i e s  of t e s t s  a r e  being planned to determine the thermal  charac ter i s -  
t ics  of the experiment packages ( temperature gradients and stabilization 
t imes )  and to check out t e s t  facil i t ies (vacuum c'hamber, solar  simulation, 
data acquisition system, etc.  ) in  preparat ion for the Experiment Package 
Thermal  Test .  Hardware fabricated for the original t e s t  p rogram i s  
being modified to accomplish these objectives. The solar and eiectr ical  
heat s imulators  on the experiment packages were  reworked to meet  the 
l a t e s t  specifications. Deflective heater biankets on the experiment 
packages were  reworked and checked out. The experiments a r e  ready 
to be installed on the spar .  I t  i s  expected that these objectives can be 
accomplished within the schedule of the orlginal t e s t  program. 

5. Quarter Rack Tes t  

Fabrication of the quarter  rack  s t ructural  p a r t s  was 
completed, and the p a r t s  were  received.. Assembly of the s t ruc ture  
i s  now in process .  Design of the rack  end-plates, Lunar Module (LlM) 
simulator,  and lower r ack  shroud to provide thermal  background 
simulation was s tar ted.  Delivery of a l l  rack-mounted Thermal  Mech- 
anica.1 Units (TMU's).  I t  may be necessary to fabricate some TIMU'S 
in-house. The provision of Controi Moment Gyro (CMG) mounting 
hardware has been requested. The fuli impact  of the change in AT-M 
thermal  control concept on this tes t  p rogram i s  not known a t  this t ime 



6 .  Optical Correlation Techniques for Fluid Flow Simulation 

I t  was demonstrated that the Fourier  Transform of the 
wave equation and associated boundary conditions can be obtained with 
l e s s  than 1 percent  e r r o r  by optical correlation techniques using a 
coherent light source suppled by the He-Ne CGW L a s e r .  The boundary 
conditions a r e  var ied by mere ly  changing aper ture  shapes in a punched 
card .  The advantage of this technique for solving fluid flow problems 
i s  in the speed and ease  with which problems can be se t  up. Of course,  
the computation i s  virtually instantaneous, and a d i rec t  analogue of the 
fluid system i s  used ra ther  than numerical techniques. 

B . Environmental Contr 01 System 

Design of the t e s t  sections for the canister s and radiator s 
for the ECS sys tem depicting severa l  different types of flow pat terns  
were  completed. Specifications a r e  being written for a diverter valve, 
check valve, hand valve, vent valve, heater sys tem and a coolant flow 
proportioning temperature control subs~rstem. 

V. Multiple Docking Adapter (MDA) 

A. Thermal  Analyses 

The MDA thermal  status was summarized for the Pre l iminary  
Design Review (PDR). Current  analyses show that the Mission B heat 
l o s s e s  a r e  already 50 per  cent above design specifications, which will 
necessi ta te  heater power (150-200 watts) for sztisfactory thermal  
operation. Major hea t  lo s s contributor s a r e  windows, docking ports ,  
radiator  , scientific a i r  lock and the numerous insulation penetrations 
requi red  to support the radiator and meteoroid shield. 

Analyses were performed for the MDA storage mode that 
indicate internal wall temperatures  stabilize a t  approximately - 15 O F .  
Approximately 500 watts of heater power will be required to increase  
the wall temperatures  pr ior  to activation of the MDA after  s torage.  

The thermal  performance of the MDA insulation sys tem i s  
being determined experimentally. These tes t  programs cover inve sti-  
gation of insulation thermal  conductivity and outgassing charac ter i s t ics .  

B. Multiple Docking Adapter Insulation Tes t  

The Aluminum foil and Plexiglas insulation i s  being teste6. 
Tes t s  of the perforated and unperforated aluminized mylar and 
polyurethane foam insulation a r e  compieted and r e su l t s  a r e  being 
documented. 



ADVANCED PROPULSIONAND TECHNOLOGY 

1. Advanced Engine Aer o Spike Experimental Investigation 

The gas lgas  impinging jet injector performance characterization 
test  was completed. As expected with gas/gas propellants, the chamber 
heat load data indicated that the combination process  takes place very  
near the injector face. The concentric orifice injector i s  being tested. 
The f i r  s t  injector heat exchanger element for gasifying LOX i s  also 
being tested. Thrus t  chamber tes ts  will r e sume  early in December. 

11. Small Engine Evaluation P r o g r a m  

Testing of the Walter Kidde 40-pound thrust  engine i s  continuing. 
Approximately 50 minutes total run time was accumulated. Tes ts  have 
included cold and hot pulsing and steady- state operation without any 
appreciable change in engine performance. 

C- 1 Engine 

The baseline engine testing was started. The fir s t  t e s t  of the 
s e r i e s  was run with a propellant inlet temperature of 100 O F ,  and the 
engine accumulated a total of 1, 145 s t a r t s  for a total burn time of 100 
seconds. There were no instabilities encountered during this ser ies .  
Appr oxima tely thr ee minute s after the te s t  was shutdown, an  explosion 
occurred in the cell. The oxidizer inlet line was ruptured and the Moog 
valve cover was bulged. The engine was not damaged below the valve. 
The valve was replaced and the damaged valve i s  being inspected. The 
explosion probably occurred in the oxidizer line ups t ream of the engine 
inlet, because the oxidizer line was completely ruptured, and i t s  design 
burs t  p ressu re  was 4,000 psi.  
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SATURN IB 

Saturn IB Sys tem 

Updated ground wind loads  fo r  the AS-204 vehicle w e r e  furnisned to 
R-P&VE-SS a s  an  a id  in  determining ground wind res t r i c t ions .  The loads  
we re  rev i sed  because  r e su l t s  f r o m  t e s t s  showed that  the iower  port ion of 
the vehicle i s  s t i f fer  than originally computed. This change in  st iffness 
necess i ta ted a revis ion of dynamic cha rac t e r i s t i c s .  

Lift-off dynamic loads  ana lyses  have been init iated fo r  the Saturn IB, 
AS-204 vehicle, using the l a t e s t  vehicle deflections due t o  ground winds. 
Longitudinal and l a t e r a l  lift-off loads will be computed. 

SATURN V 

I. S-IC Stage 

A .  AS-501 Slow Release  Mechanism 

Slow-release  mechanism s t r a in  gage data  fo r  AS-501 flight ha s  been 
evaluated fo r  four of the mechanisms .  The data  indicates  that  the p re load  In 
the rods  i nc r ea sed  to  a range of 50-60 kips cturing engine ignition, just  p r i o r  
to lift-off. This i s  in  the range that  was  expected and a s  a r e su l t  the mecnan i sms  
functioned successful ly .  This  i s  a p re l iminary  evaluation based on data  f r o m  
only four mechanisms .  Data on a l l  s ixteen mechanisms  have not been received - 
f r o m  KSC. 



3. P3-rotechnic Separation Device 

An investigation into the u se  of a pyrotechnic separa t ion  device fo r  
the s low r e l e a s e  devlce  h a s  been maae .  The lnvestigatlon revea led  that  a  
s t snaa rd ,  off-the-shelf device  i s  not  available which could be incorpora tea  
Into the exist ing design.  A method of cutting the die with a shaped cha rge  
looks feas ible ,  but would r equ i r e  a long lead t ime  fo r  p rocu remen t  and  
t e s t s .  An addit ional  p rob lem with th i s  method would be controll ing the 
f ragments .  I t  i s  e s t imated  that  a  charge  s i z e  of 300 gra ins  p e r  foot o r  
g r e a t e r  would be requ i red  to  cut  the die.  

11. S-I1 Stage 

A .  Recircula t ion Ba t t e r i e s  

The vibra t ion c r i t e r i a  fo r  the 501 flight wor th iness  of the i n t e r s t age  
mounted rec i rcu la t ion  ba t t e r i e s  we re  reviewed to  evaluate app rop r i a t enes s  
f o r  qualification of the Eagle  P i c h e r  ba t t e r i e s  for  u se  i n  the 207 conta iner .  
The evaluation indicates  that  the i n t e r  s tage  environment  is m o r e  s e v e r e  than 
the 207 container ins ta l la t ion;  the re fore ,  the use  of the Eag le  P i c h e r  b a t t e r i e s  
l n  the 207  conta iner  was  approved contingent upon an  ana lys i s  t o  ue t e rmine  
!li,-it the 207 conta iner  loads  would not be significantly i nc r ea sed  to  jeopardize  
the qualification s ta tus  of the support ing b racke t ry .  

B. Fo rward  Sk i r t  Acoustic Testing 

The S-I1 fo rward  s k i r t  which was  t es ted  in Wyle 's  r eve rbe r a t i on  chambe r  
h a s  been ins ta l led  on the Mobile Acoustic Resea r ch  Labora to ry  (MARL) and 
ins t rumented  with 8 2  vibra t ion and acoust ic  measu remen t s .  The MARL is in 
position a t  the F - 1  engine t e s t  s tand.  The spec imen  will be subjected t o  t h r e e  
s t a t i c  f i r ings .  The purpose  of the t e s t s  i s  to  de te rmine  vibro-acoust ic  t r a n s f e r  
functions obtained i n  a f r e e  f ield exposure ,  and co r r e l a t e  t hem with those  
obtained dur ing r eve rbe r a t i on  tes t ing.  

C. LH? Redesigned Center  Engine Feed  Line 

The LH2 redesigned cen te r  engine feed l ine is being subjected to 
v ibra t ion t e s t s  a t  Wyle Norco.  The following t e s t s  have been c ~ r ~ p i e t e c ; :  

1 .  Inlet longitudinal ax i s  
2. Inlet r ad ia l  a x i s  
3 .  Thrus t  s t r uc tu r e  supported section longitudinal a x i s  
4. Th rus t  s t r uc tu r e  su2ported section radial  ax i s  
5. Th rus t  s t r u c t u r e  supported section tangential  a x i s  



inspection a f t e r  t e s t  five indicated bracke t  fa i lu res  a t  the inlet and the t h ru s t  
s t r uc tu r e  support  sectlon. Korth American Rockweli (NAR)  has  proposed that  
the line be subjected to t e s t s  o ther  than vibration t h a t a r e  requ i red  in the 
qualification sequence.  During th is  per iod the b racke t s  will be redesigned,  
fabr icated,  and then the vibration sequence will be continued f r o m  the point 
of fai lure.  After  completion of a l l  r equ i red  t e s t s  the  l ine  will be  considered 
qualified. The l ine  and new bracke t s  will then be subjected to  r epea t  t e s t s  
of 1, 2,  3, 4, and 5 to qualify the brackets .  This p r o g r a m  i s  predicated on 
the rat ionale that  the in i t ia l  b racke t s  would be ' so f te r '  and t he r e fo re  subject  
the line to m o r e  conservat ive  responses  than the redesigned bracke t s .  
S t ruc tures  Division a g r e e s  with continuing the t e s t  f r o m  the point of fa i lu re  
but d i s ag ree s  with qualification of the to be determined only a f t e r  adequate 
proof of the re la t ive  conservat iveness  of the redesigned v e r s u s  original  
b racke t s  i s  obtained. This  proof can be obtained by comparat ive  t e s t  r e s u l t s  
of the redesigned v e r s u s  original  b racke t s  in the original  fa i lu re  t e s t  mode. 

D. 402 Testing. - "A" S t ruc ture  

S0metim.e during the ground handling operations of the S-IC port ion 
of the S-I1 402 "A" s t ruc tu r e ,  i t  was  discovered that  a iongitudinai s t r i nge r  had 
been completely shea red  off the specimen.  The s t r i nge r  was  sheared  a t  
approximately 0. 25 inches  above the cylindrical  skin and extended about 11. 0 
inches  up the s t r i nge r  f r o m  the S-111s-IC inte.rface. This specimen h a s  been 
ground handled th ree  t imes  s ince  i t  was  removed f r o m  the S-IC-S Lox tank. 
I t  i s  not known which ground handling opera.tion caused the fa i lu re  o r  whether  
o ther  s t r i nge r s  we re  poss ibly  damaged in  the s a m e  manner  a t  the s a m e  t ime .  
All s t r i n g e r s  on the S-IC port ion .of the S-I1 "A" s t ruc tu r e  have been visual ly  
and dye -penetrant  inspected.  Five  additional s t r i nge r s  we re  found to be 
damaged. These  s t r i n g e r s  have c r acks  located a t  approximately  . 2 5  inches  
above the cylindrical  skin and range f r o m  about . 10 to 2. 0 inches  up the 
s t r i nge r  f r o m  the S-111 S-IC interface .  These  s t r i nge r s  a r e  locateu approxi-  
mate ly  45O around the tank f r o m  the damaged s t r inger .  The mechanical  
spl ice  i s  being evaluated to de te rmine  the s t ruc tu r a l  impact ,  i f  any,  that  will 
r e s u l t  f r o m  these  d i sc repanc ies .  P r e l im ina ry  evaluation indicates  that  the 
s t r i n g e r s  can be t r i m m e d  enough t o  e l iminate  the c r acks  without significantly 
affecting the s t ruc tu r a l  in tegr i ty  of the splice.  

E. MSFC Tes t  403 ("C" Structure)  

S t ruc tura l  p repara t ion  and modification of the spec imen  was completed 
on November 14. A c racked  s t r i nge r  was  found on the aft  s k i r t  which was  
apparent ly  caused by a prying action a t  some t ime.  approximately  one inch 
was removed f r o m  the end of the s t r i nge r  in o r d e r  to  remove the  c r acks .  



Due to d i scovery  of mismatched  holes in an  al ignment fitting z t  
t he  sccond separat ion $lane the s t a r t  of test ing was uelayed until November 28 ,  
1967. Roeing completed thei r  final checkout of gages ,  thermocouples ,  and 
hea t  sy s t em by this  date and P h a s e  I tes t ing was init iated.  The P h a s e  I t e s t  
wil l  be conducted a t  ambient  t empera ture .  Testing with t empe ra tu r e  environ-  
ment  i s  scheduled to begin during the  f i r s t  p a r t  of December .  

F. Weld Land Relief Tes t s  

Two panels  of a s e r i e s  of panel  t e s t s  to  de te rmine  the load dis t r ibut ion 
in the thinned down a r e a  of the S-I1 LH2 tank c i rcumferen t ia l  weld land w e r e  
t es ted  th is  month. Both t e s t s  we re  c a r r i e d  t o  fa i lu re .  The f i r s t  spec imen  
was nonwelded with weld rel ief  - 224, 500 goundo fa i lure  load. The second 
was a welded s2ec imen  with weld rel ief  - 202, 000 pounds fa i lu re .  A th i rd  
panel will be r eady  for  t e s t  e a r l y  in  December .  Two m o r e  panels  a r e  being 
fabr icated by Manufacturing Engineering.  These  panels  a r e  longer  and will 
contain the c r o s s o v e r  land. The t e s t  data  indicate that  considerable  load 
redis t r ibut ion actual ly  does  take ?lace and that  local  yielding occu r s  i n  the 
thinned down weld land a t  l e s s  than the pneumostatic t e s t  p r e s s u r e .  

TI1 S-IVB Stage 

Fo rward  Sk i r t I Ins t rument  Unit/SLA .Acoustic Tes t  

The S-IVB forward  sk i r t l l n s t rumen t  unit/SLA acoust ic  t e s t  spec imen  
was  mounted on i t s  t e s t  f ix tu res  in the reverbera t ion  chamber  a t  Wyle. The 
specimen was ins t rumented,  calibration of the ins t rumentat ion cornpleted, 
and a ' l lve '  ST- 124 was  ins ta l led in  the ins t rument  unit. The f i r s t  phase  of 
test ing was  completed November 20, 1967. This phase  of tes t ing inclucied 
t h r ee  runs  a t  sound p r e s s u r e  l eve l s  of 144, 150, and 153 dB, and a s ta t ic  
load of api>roximately 25, 000 pounds. The s ta t ic  load i s  p resen t ly  being 
i nc r ea sed  to approximately  75 ,  000 pounds. The second phase of test ing will  
consis t  oi  t h r ee  runs  a t  sound p r e s s u r e  l eve l s  of 144, 150, and 153 uB 
with the i nc r ea sed  s ta t ic  load. To date  t he r e  a r e  no ma jo r  p rob lem a r e a s  
and test ing should be completed well  ahead of schedule. 

IV. Ins t rument  Unit 

A .  Water Dilution of Hypergols 

Effor ts  have been init iated to de te rmine  the s t ruc tu r a l  effects of 
a wate r  dilution of h-y,3ergols in  the S-IVB/IU compartment .  Conditions t o  be 
examined include shell  loads  during f ree-s tanding,  water  l ine loadings on the  LU 
shell  f r o m  both the umbilical  plate and a diffuser ins ide  the compar tment ,  ano  
g r e s s u r e  loadings on the S-IVB bulkhead and forwarci sk i r t .  Evaluation of the 
IU for  t h r ee  loadings caused by pumping water  into the IU/S-IVB compar tment  

has  been completed.  Resul ts  show that  the expected loads  a r e  higher  than those 
requ i red  to yield the Grnbiiical plate.  

7 8  



B. Interface Panels  

Panel  4 of a s e r i e s  of five I U  upper interface specimens failed a t  
approximately 9070 engine-out loadings. Because of this premature failure,  
attempts a r e  being made to determine the cause.  No conclusions have been 
made to date.  Another panel has  been instrumented preparatory to testing. 
Present ly  spring clip deflection gages a r e  being made to  acquire the numerous 
deflection measurements  requested for this panel, tes t .  

C .  Cold Pla te  At.;ach Points 

Several load conditions defining the capability of the cold plate 
attach points have been forwarded to R-P&VE-VS for use in their  design of a 
work platform to be installed in the IU spacer  s t ructure on the ATM vehicle. 

D. Umbilical Separation/Service A r m  

Analysis of the IU for  the loadings resulting f rom umbilical separat ion/  
service a r m  testing in the VAB has  been completed and documented by rnemoranciurn. 

~ r o r n  This study shows that the IU can successfully withstand the loads a r i s ing  ' 
the above condition with the access  door removed. 

V. Saturn V System 

A .  Damper System 

Design studies a r e  continuing to increase reliability of switches in 
the hook actuation cylinders. The present  design (vendor furnished) allows 
only . 045 inches of movement for switch actuation. This makes adjustment 
of the switch very  crit ical .  It i s  desirable to have . 125 inches movement 
available. 

The relative deflection between the umbilical tower and the AS- 50 1 
vehicle was determined for the 63. 2 knot wind condition (60 foot level) with 
the vehicle em?ty and the dam9er attached. This information was furnished 
to Mr .  Aberg, R-P&VE-V, a s  an aid in  determining the tracking capability 
of the umbilical a r m s .  

C . AS- 50 1 Launch Monitoring and Evaluation 

The bending moment and axial load a t  station 3 9 0  were  monitorea in - 
rea l  t ime during the prelaunch activity and the f i r s t  six minutes of AS-501 flight. 



The 2eak bending moment recorded during the prelaunch activity was 33 
million inch-pounds. The bending moment and axial load immediately before 
S-IC ignition were 24 million inch-pounds and 4. 5 million pounds respectively 
The axial load jumped to 5. 5 million pounds a t  lift-off and increased to  a 
maximum of 7.  0 million pounds a t  inboard engine cutoff. Ignition of the S-I1 
stage caused a 1-second t ransient  compressive force of 1 . 9  million pounds 
in the S-IC intertank. The bending moment reached a maximum of 56 
million inch-pounds adjusted a t  78 seconds. The rea l  t ime display functioned 
smoothly throughout the period being monitored. The resu l t s  obtained f r o m  
this display were  in good agreement  with prei iminary flight data. 

APOLLO APPLICATION PROGRAM 

I. Apollo Telescope Mount 

A .  Rack 

A prel iminary design was completed for  the additional s t ruc ture  
required for supporting the solar  panel modules 15. 5 inches below the lower 
f rame of the Rack. An estimate of the weight based on this prel iminary design 
w;: s a lso  made. However, the final location of these panels has  not been 
declded. Detail design has continued for  the addition of Rack-stiffening shear  
webs surrounding each control moment gyro (CMG). Detail design was a l so  
s ta r ted  for the Star t racker  support s t ructure.  A layout was s tar ted to 
develop the s t ructural  concept for the cable t r ay  system required to c a r r y  the 
electr ical  cables a c r o s s  the gimbals between the Rack and Experiment Package. 
A prel iminary design was completed for  the support beam required in the Rack 
by the cable t ray  system. Conceptual layouts were  a l so  initiated for a s t ruct-  ra l  
system to support the CMG inver te rs  in  the Rack outrigger a r e a s .  

B. Experiment Package Insulation 

The insulation mater ial  for the experiment package has  once again 
returned to a multilayer high performance insulation due to a decision to  
utilize a fluid system for  thermal  control. The complete insulation system 
has not been defined a t  this t ime. 

C. Spar 

A wing of the ATM spar  has  been fabricated for the purpose of ob- 
taining data on tolerances expected on the flight spar  configuration. This wing 
bowed slightly (approximately 0. 10 inch over i t s  length) and received a con- 
siderable amount of in te res t  during a tour of Manufacturing Engineering 
Laboratory by Dr.  von Braun. As a resul t ,  a brief description of the spar  
design status has  been written giving the design, testing, and manufacturing 

planning accomplished and planned for the AT'M spar .  



D. Gimbal System 

A monthly design review was held with representatives f rom Astrionics,  
Perk in-Elmer  Corporation, and P & V E .  Discussions on MSFC weld require-  
ments and the la tes t  configurations of the launch lock mechanism were main 
a r e a s  of in te res t  t o  Structures  personnel. 

Perk in-Elmer  was reluctant to specify the required Class I weld 
a s  defined by MSFC-SPEC- 135. Fai lure  to understand the requirements of 
a Class  I weld was apparently the cause of this reluctance, since Perk in-Elmer  
appears  willing to use the specification following an explanation by personnel 
of this Division. 

Perk in-Elmer  i s  redesigning the launch lock mechanism since the 
late s t  concept, a s  pointed out by Structures Division personnel, was in 
real i ty  a four-bar linkage and a s  such was unstable. 

Following the review, Perk in-Elmer  was given a task assignment to 
study operation of the gimbal system in a 1 G checkout, including checkout 
in the stacked launch vehicle, where accessibil i ty seems to be the major  
problem. 

11. Multiple Docking Adapter (MDA) 

A .  Structural Svstem 

Pre l iminary  layouts of the equipment mounting walls and astronaut 
floor have been completed and delivered to the Strength Analysis Branch for 
final check. The bulkhead, previously reported in re lease  was recalled to 
incorporate late change requests  f rom Vehicle Systems Division and Manu- 
facturing Engineering Laboratory. These cha.nges have been -incorporated 
and the drawing package i s  again in the formal  re lease  process .  A prel iminary 
layout of the new skin panel cutouts (information received November 15) 
in the upper cylinder assembly has been completed. Detailing has  been held 
up until cutout s izes  and locations have been confirmed, since these changes 
will affect hhrdware already fabricated and ready for subassembly. 

The MDA window construction has been changed f rom a double to a 
single pane installation. This option, provided in memo f rom M r .  G. B.  Hardy 
to Mr. R. G. Eudy, dated May 1, 1967, has  been coordinated with strength 
and thermal  analysis representatives who agree that a s impler  window 
installation can be had with no compromise to s t ructural  or  thermal  efficiency. 
Meteoroid analysis indicates there i s  no problem with a singie pane instaliation. 



B. Structural Test  Article 

Due to a myriad of design changes which has been requested, 
recommended, and proposed, i t  i s  no longer possible to release the necessa ry  
documentation for the s t ructural  t e s t  a r t ic le  by December 1, 1967. Par t icu lar ly  
involved a r e  the docking ports  and the provisions for equipment mounting; 
both a r e  current ly under revision. 

C. Docking P o r t s  

A design change i s  underway to incorporate a revised thermal  
b a r r i e r  in al l  docking ponts for  both the static s t ructural  and thermal  tes t s .  
A dummy hatch will a l so  be designed for static tes t  use where pressurizat ion 
i s  required. These design requirements have been imposed by the unavailability 
of Apollo hardware for ear ly  use in the MDA program. 

111. Nuclear Ground TestModule 

The status repor t  and viewgraphs for the Laboratory weekly seminar  
meeting were completed. The nine-foot insulation tes t  tank drawings were 
revised for shop requested changes. Detail pa r t s  for the tank modification 
a r e  being manufactured. The 10 5-inch insulation t e s t  tank drawings have 
been completed except for the vacuum jacketed drain line. The design of 
the vacuum jacketed drain line i s  in progress .  No expected compietion date 
can be given because of lack of interface requirements.  

Work i s  continuing on the Nuclear Ground Tes t  Module. The s tatus  
of the drawings i s  a s  follows: 

Forward Head Assembly 

Apex and Base Gore Segments 

Apex Gore Segment with Fittings 

A f t  Head Assembly 

Base Gore Segments 

Y-Ring - Forward Head 

Tanks Assembly 

Skin Segments 

Skin Section Assembly 

Complete 

90% Complete 

Complete 

Complete 

Complete 

Complete 

Complete 



Aft Skirt  Assembly 

Skin Segment 

Aft Skirt Weldment 

Lower Ring 

Forward  Skirt Assembly 

IV.  Experiments 

MSFC Flight Experiment #8 

9570 Complete 

8070 Complete 

25% Complete 

10% Complete 

Detail design of the tension and indexing system i s  essentially complete 
The fi lm and specimen re t r ieva l  container i s  approximately 60% complete. 
Documentation i s  approximately 95% complete and checking has  been initiated. 
Detail design i s  ex-2ected to  be completed on December 4, 1967. Checked 
drawings and the s t r e s s  and engineering reports  a r e  scheduled for completion 
on December 29, 1967. Design of the data acquisition sys tem i s  essentially 
complete. Component selections have been made and their  ifistaliations defined. 

*" G. A .  Kroll 
Chief, Structures  Division 
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