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GEORGE C. MARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS REPORT 

ADVANCED STUDIES OFFICE 

(March 1, 1968, Through March 31, 1968) 

ADVANCED PROGRAMS 

1. Launch Vehicles 

A. P r e s s u r e  -fed Launch Vehicle 

1. Phase 11 Study Effort - - -  A parametr ic  study of second 
stage propulsion sys tem alternatives (number of engines, thrust  level) 
was completed for the Phase 11 reference vehicle based on a vehicle l if t-  
off thrust/weight rat io  of 1. 25. This effort resulted in  an  initial design 
point definition of engine number, thrust  level, and propellant loadings 
for the f i r  s t  and second stages of the reference vehicle. Additional 
studies were  performed to determine the design, performance,  and cost 
impact associated with vehicle lift-off thrust/weight rat ios  of 1.20, 1. 35, 
and 1.45'. 

A status review of the PFLV study effort was  given to the 
Senior Staff, e t  al .  , of the Advanced Systems Activity on March 27,  1968. 
This review, including a summary  of the management and study activit ies 
of the in-house study group supporting this effort, was given by Mr. Laue, 

J 

of this Office. In addition, a technical summary  was given of studies 
performed by the la t te r  on the conceptual definition of a reference launch 
vehicle concept. This concept proposal was subsequently accepted a s  the 
tentative baseline or point of departure  for the schedule of pa ramet r i c  
design and cost  analysis studies identified for the in-house study effort. 

An investigation of pressurizat ion sys tem concepts for the 
p r e s s u r e  -fed launch vehicle i s  in  progress .  Conceptual designs and weight 



comparisons were  made for cryogenic (liquid helium, hydrogen) concepts, 
for  concepts using ambient gas storage, and concepts which produce hot 
pressurizat ion gases  through reactive processes .  The investigation of 
a l l -s torable  pressurizat ion system schemes i s  continuing and new concepts 
a r e  being explored. The final goal i s  the development of a n  al l -s torable  
pressurizat ion sys tem which i s  competitive with the cryogenic systems in  
t e r m s  of weight, volume, and simplicity. 

2. Phase  I Studv Effort 

Work has  been completed and documentation i s  in  process  
on the study of stage L/D design influences for the Phase  I PFLV Reference 
Vehicle Concept. Data obtained f rom this study, which considered only 
f i r s t  stage L/D optimization, will be applied to the reference vehicle con- 
cept identified for the Phase I1 effort. Similarly,  prel iminary procedures ,  
established for evaluation of vehicle normal  force using aerodynamic 
coefficients, have been developed. Structural weight calculations based 
on the prel iminary procedures established will be performed in order  to 
determine design loads related to the Phase I1 Reference Vehicle Concept. 
Resul ts  of the cur rent  parametr ic  study of stage weight a s  a function of 
tank p r e s s u r e  and L/D ratio a r e  being evaluated. 

Thrust  gains associated with shrouding three- ,  four -, and 
five-nozzle configurations for upper stages were  determined. Data were  
generated for the following propulsion and vehicle character  i s  t ics : 

o Total P r i m a r y  Nozzle Vacuum Thrust - 284,000 pounds 
o P r i m a r y  Nozzle Expansion Ratio - 15: 1 
o Chamber P r e s s u r e  - 300 ps i  
o Third Stage Application 
o Stage 2/3 Interstage Utilized a s  Third Stage Shroud 

Thrust  gains attributed to the shroud were  approximately 1.73 per  cent 
for  the three-nozzle configuration and 2 .  1 per  cent for the four-nozzle 
configuration. Data generated for a five-nozzle configuration indicated 
a thrust  gain of 2. 1 per  cent due to the shroud. Effort i s  present ly under - 
way to evaluate a four -nozzle configuration with a p r i m a r y  nozzle expansion 
ra t io  of 8: 1 to determine thrust  gain, shroud length, and shroud weight. 

At present ,  four computer programs a r e  required to obtain 
these data. Due to long run time, involving a n  i terat ion requirement ,  the 
math model does not lend itself readily to a parametr ic  study. These 
p rograms  a r e  now being combined into a single program for use  by 
R - COMP in furtherance of the parametr ic  analysis effort. 



A meeting with representatives of the Test Laboratory was 
2ld on March 8, 1968, to explore the possibility of the lat ter  supporting 
le PFLV study effort via small  scale testing of multi-nozzle (shrouded) 
ngine concepts. Participating in these discussions were  representat ives 

~f the Brown Engineering Company. The proposed tes t  activities would 
seek to corroborate  and extend BECO's analytical findings to date. 
Mr. C. Verschoore, R-TEST-C, expressed a tentative in teres t  in the 
proposed effort subject to a more  detailed definition by R-P&VE-A of the 
physical parameters  involved, and an as sessment  by R -  TEST of tes t  
facili t ies available and suitable for the desired experimental tes t  effort. 

Pre l iminary  t rajectory analyses utilizing the four -nozzle 
shrouded configuration for a third stage application indicated that the 
thrus t  or  specific impulse gain due to shrouding i s  approximately offset 
by the weight penalty associated with carrying the shroud; therefore,  the 
payload gain- appears  to be negligible. P r i o r  to further discussions on the 
proposed t e s t  program, t rajectory analyses will continue until this conclu- 
sion i s  either proved or  disproved. 

An alternate to the shrouded nozzle configuration has 
received some attention. A computer program has been developed which 
will permi t  the evaluation of annular nozzle propulsion sys tem performance 
The program can be used to predict propulsion system performance f rom 
sea  level to vacuum for pressure-fed stages using annular nozzles. 

Saturn Utilization 

The Douglas Missile and Space Systems Division of MDC i s  
current ly conducting an  in-house study to derive a conceptual design for 
a n  economical, expendable logistics launch vehicle system to support 
NASA and USAF programs in the 1970-1989 time period. On March 5, 1968 
they presented information generated to date under their study, including 
definition of mission requirements and a review of candidate launch vehicles 

Pa ramet r i c  performance data were  published for 28 selected 
vehicle configurations utilizing the standard J -2  engines in  the S-I1 and 
S-IVB upper stages.  Subsequent studies will be conducted to provide 
( 1) s imi lar  data utilizing J -2s  engines and (2) performance data utilizing 
Centaur a s  an upper stage where applicable. 

A compilation was made of the information on a l l  uprated 
Saturn IB, Intermediate, and Saturn V launch vehicles that have been 
defined under study contracts during the years  of 1965 through 1967. 



Small configuration drawings a r e  included for each vehicle. In addition, 
the performance capabilities of various Saturn vehicles that have been 
investigated in-house a r e  a l so  included in the memorandum. These data 
a r e  being distributed in  Memorandum R-P&VE-AV-68-43. 

A s e r i e s  of meetings was held between this Office and Structures  
Division concerning the loads data to be included in theiSA -520 and SA-2 17 
documents. An agreement  was reached that the Satyrn V loads published 
i n  Memorandum R-P&VE-SLL-26-64 would be referenced i n  the SA-520 
document and the Saturn IB loads published in Memorandum R-P&VE-SLL- 
212-63 would be referenced in the SA-217 document. These a r e  the design 
loads for each of the respective vehicles. The two documents, which will 
be published in NASA Technical Memorandums, a r e  being typed in  final 
fo rm for management approval. 

11. Ear th  Orbital 

A. Saturn V Workshop 

1. NASA-wide Task Group for E a r l y  Space Station - - -  The 
re su l t s  of the NASA-wide Saturn V Workshop Task Group study were  given 
to Mr. Mathews a t  NASA Headquarters on March 7 and 8 with presentations 
by each of the Task Group chairmen. Mr. Mathews indicated that subse-  
quent direction of further study efforts would follow the conclusion of the 
Thompson committee presentation. 

Mr. Mathews a lso  indicated his satisfaction with the mater ia l  
presented, although i t  represented "snapshots in  time" ra ther  than a 
programmat ic  evolution f rom the 14-day Cluster A to a 2-year station. The 
study guidelines, however, had dictated the study approach. Following 
much blackboard design by Mr. Mathews and other f ront  table guests,  an  
opinion was expressed that a modular approach to pe rmi t  the build-up f r o m  
shor t -  to long-duration would be nice. The purpose of this study of separa te  
Saturn V -launched Orbital Workshop concepts was, howeve r, to provide the 
significant technical and programmatic  information essent ial  for determin-  
ing the nature and content of the Orbital Workshop program that should 
follow the current ly planned Saturn I Workshop. 

The Configuration Task Group presented four selected 
Saturn V Workshop designs representing incremental s teps f r o m  the 
Saturn I Workshop through a new program s tar t .  No attempt was made 
by Mr. Mathews to narrow this range of possible definitions of the 
Saturn V Workshop. 



The resul ts  of an investigation to integrate and schedule 
experiment packages with Cluster B configurations were  presented. 
Comparisons were  made among the three experiment packages identified 
a s  minimum (essentially a reflight of Cluster A experiments),  medium 
(more  sophisticated, 20,000 pounds plus, multi -dis cipline groupings), 
and maximum ("medium" plus detached modules operations) packages 
that might be candidates for Configurations B and C. 

Pre l iminary  resul ts  indicated that the package which can 
be successfully integrated and scheduled on a B Configuration l i e s  some- 
where between a minimum and medium package. 

Some additional conclusions were  the following: 

a .  On a three-man station, a lmost  50 per  cent of the 
experiments must  be scheduled for two-man availability. This i s  a 
s t rong justification for incorporating the experiment control consoles in 
proximity to the station command control consoles. 

b. A satisfactory number of bio-med and behavioral 
experiments could not be performed in l e s s  than 10 hours/week/man. 

c. Discipline sequencing of experiments i s  desirable  
s ince i t  resu l t s  in  increased efficiency relative to astronaut  t ime,  orbital  
mechanics rescheduling opportunities and skill  changes with resupply 
flights. 

d. A three-man crew can conduct a considerably l a r g e r  
experiment package than the minimum package defined by the Experiment 
Task Team. 

P r i o r  to the presentation by the Resupply and Logistics 
Task Team, reevaluation of CSM configurations for the Saturn IB logistics 
flights to the DWS was made by this Office. All configurations under 
consideration now allow some logistics payload, a s  compared with some 
previous ones, such a s  the AAP-3 56-day configuration, showing a negative 
launch vehicle capability of -270 pounds. The la tes t  minimum logistics 
payload available i s  1840 pounds, with the AAP-3 56 -day configuration, 
and the maximum i s  10,930 pounds, with the quiescent CSM using Solid 
Rocket Motors (SRM) for deorbit of the CM. The increased payload was 
obtained by removing excess  storables,  such a s  food and cryogenics, 
included i n  the configurations by MSC personnel to  fill existing capacity, 
ra ther  than filling to actual mission requirements.  



Estimated schedules and milestones were  summarized 
and presented to Mr. Mathews. Summary char t s  indicated the t ime 
requirements  for phase -in of the various options in  spacecraf t  ( three- ,  
four -, or  six-man),  logistics vehicles (Saturn IB, Uprated Saturn IB, 
Titan 111, e tc. ), experiment packages (minimum, medium, and maximum), 
and Workshop Configurations ( B -  1, B-2, C- 1, C-2, and C-3). Development 
schedules were  shown for the Workshop configurations indicating f i r  s t  
availability dates  of B-1, Dec. '71; B-2, June ' 72 ;  C-1, Oct. '73; and 
C-2, April  '74. These dates could be delayed i f  the experiment packages 
were  pacing. Pre-phase  D activity schedules were  shown for the period 
f r o m  the present  to the inception of either B or  C Configuration production. 

An MSFC summary  of the Headquarters presentation was 
given in the Mor r i s  Auditorium on Monday, March 18. The following a r e a s  
were  covered: Experiments - Mr. P e r r y ;  Mission Analysis - Mr. Goldsby; 
Configurations - Mr. Becker;  Logistics - Mr. Orillion; Schedules - 
Mr. Huber;  and Resources - Mr. Rugledge. Key Laboratory personnel 
involved in  the Workshop effort were  invited. 

Efforts in d i rec t  support of the NASA-wide activity have 
essent ial ly  ceased (with the exception of minor documentation work) with 
the formal  presentations a t  NASA Headquarters.  Continuing in-house 
effort  on Saturn V Workshop design and analysis is reported i n  the follow- 
ing paragraphs.  

2.  Configurations - - - Alternate methods of interfacing the A TM 
with the Saturn V Workshop in the S-II/S-IVB inters tage a r e a  a r e  being 
investigated to alleviate EVA difficulties for fi lm re t r ieva l  to the grea tes t  
extent possible. Mounting of the ATM in  both the cur rent  ATM/RACK and 
the ATM canister only configurations i s  being considered. 

Saturn V Workshop m a s s  character is t ics ,  requested by 
R-ASTR-A for use  in attitude control and stabilization studies,  a r e  being 
updated and documented. 

A limited study on crew res t ra in ts  and mobility aids  was 
completed. Several conceptual designs envisioned for use  in the Saturn V 
Workshop were  developed. Examples of these a r e  the following: 

a .  Astronaut t ransfer  devices 
b. Networks of permanent and portable handrails 
c. Body tethering devices and quick-release mechanisms 
d. Astronaut safety elements such a s  helmets 

P re l imina ry  concepts on portable partitions were  a l so  generated. 



A repor t  consolidating the Saturn V Workshop configuration 
design and analysis work completed by R-P&VE, R-AERO, and R-ASTR 
during the past  two months i s  in preparation with a f i r s t  complete draf t  
due April 5,  1968. Detailed writeups a r e  being prepared on experiment 
integration, selected subsystems, and inter ior  design. 

Additional studies on the Saturn V Workshop will be performe 
by this Office during the next two to four months. Interior design and sub- 
sys tems analysis will be evaluated in  more  depth, par t icular ly with respec t  
to equipment arrangements ,  s t ructural  systems,  sys tems integration and 
life support sys tems.  

3 .  Subsystems - - -  Further  investigation was made on Config- 
urations B - 1 and B-2 life support sys tems.  Detailed weights were  
developed in the cryogenic, water ,  waste,  purification and crew sys tem 
a r e a s .  MSC and MDC personnel were  consulted to obtain better knowledge 
of the Cluster A components, development status,  etc.  , and their adaptatioi 
to the Cluster B effort. The McDonnell Astronautics Company of MDC i s  
conducting a prel iminary in-house study of a cryogenic s torage sys tem 
with a useful life of 12 to 18 months for Workshop B. The total company 
investment to date amounts to approximately $200,000. A 60-inch I. D. 
spherical  tank was proposed because it i s  the l a rges t  vesse l  that can 
conveniently fi t  into the space between the airlock t rus ses .  Three such 
tanks (two O2 and one N2) would be required to supply the Workshop B 
requirements  for a year .  

Subsystems descriptions and inter ior  design considerations 
for Workshop B a r e  being drafted a s  subsections of an internal MSFC 
repor t .  Although no new design activity i s  current ly underway, follow-up 
discussions a r e  continuing on selected aspects  such a s  attachment of 
heavy floors direct ly  to the LHZ tank wall. Planning activity i s  a l so  
underway for continued design and subsystem definition activity in  the 
April  - June time f r ame  for an ear ly  Workshop B. 

Selected operational analysis studies have recently been 
conducted in ve ry  prel iminary form. These cover such i tems a s  station 
deactivation and reactivation, station comparison and evaluation fac tors ,  
vibration analysis,  and crew mobility aids.  

In a meeting with the Bendix Corporation, the use of the 
cu r ren t  AAP cryogenic tanks on the Workshop B missions was discussed. 
Proposed Phase 2 of this program provides a study of only extending 
these tanks for 90-, 180-, and 360-daymissions.  Bendix analysis and 



testing indicates that the A A P  tank concepts a r e  readily applicable to 
missions of one-year duration or  longer. By varying the number of 
shields (up to three maximum within existing envelope), adding super 
insulation externally, or  a combination of the two, and adding a ref r iger  - 
ation loop to control the external ambient temperature,  a one-year 
duration or  grea ter  could potentially be 'achieved. One AAP tank was 
tested for 130 days a t  70" F ambient and performed satisfactorily for ' th i s  
period. 

4. Experiment Integration - - - Efforts a r e  current ly underway 
to define a medium experiment package that i s  commensurate with the most  
recent ly envisioned Saturn V Workshop resources ,  schedule availabilities, 
crew s ize  and vehicle support capability. R -AS comments and recommenda - 
tions will be included. The package will be analyzed over the next three 
months with respec t  to scheduling , physical integration, and operational 
considerations. The analyses resul ts  a r e  expected to reveal  what may  be 
te rmed a "realist ic" experiment package for a Saturn V Workshop in the 
1972 t ime period. 

Adaptability of individual experiments and small  groupings 
of experiments ( from the package discussed above) for t ime-phased 
del ivery to an orbital  station i s  being studied and established. Many of 
these experiments do lend themselves to this approach. Mr. Mathews, 
of NASA Headquarters,  has  repeatedly indicated a need to consider this 
approach. 

Effort  i s  a l so  being directed to develop additional experi-  
men t  integration cr i te r ia ,  study and analyze experiment integration, and 
analyze experiment scheduling and operation on the Saturn V Workshop 
system. 

A s  a p a r t  of the experiment integration studies,  an  analysis 
i s  being performed on the proposed biomedical and bioscience experiments 
to  conceptually develop an  integrated Life Sciences Laboratory. A logic, 
based on accessibil i ty and frequency of use,  has  been developed which 
a s s i s t s  in determining the location of the various components. A detailed 
timeline of the biomedical experiments i s  a l so  being performed to de ter  - 
mine the minimum astronaut t ime required to conduct the vital measure -  
ments  on the controlling body functions. 

R -AS personnel drafted an advanced study work s tatement  
on the overall  system definition of a remote astronomy module and plan 
to  t r ansmi t  this to  NASA Headquarters  in the near future. Personnel  of 



this Office reviewed the work statement and their comments were  forwarded 
to R-AS. General agreement  exists with the work statement. 

i 

Input data and study plans a r e  being prepared for the next 
phase of stydy activity on the Langley Math Model. Representatives of 
Langley a r e  to meet  with us a t  MSFC in  April  1968 to discuss  this next 
phase of activity relating to the three or  three/six-man ea r ly  Workshop B. 

5. Resupply Logistics - - -  A summary  of mater ia l  on deorbit  of t 
S-I1 stage, used to inject the Saturn V Workshop into either a 270- by 270-n. 
c i rcu lar  orbi t  or a 100- by 270-n. mi.  elliptical orbi t  was prepared.  The da 
obtained p r imar i ly  f rom Memorandum for Record R-P&VE-AV-68-25, out- 
line for the p r i m a r y  mission modes under consideration the potential a l t e r -  
nates for spent S-11 stage management, the weight and sys tems required for 
deorbit  of the stage, and the stage configuration modifications for deorbit. 
F o r  a l l  of the two-stage Saturn V mission modes considered for launch of 
the Saturn V Workshop, the payload penalty for deorbit  of the spent S-I1 stag 
i s  8000 to 8500 pounds. 

Discussions were  held between personnel of this Office and of 
the AAP Projec t  Office of Industrial Operations to explore ways of increasin 
useful CSM payload for Saturn IB Workshop revis i t  missions.  Of par t icular  
in t e re s t  i s  the payload increase  to allow a 90-day Workshop mission. The 
inc rease  anticipated i s  approximately 75 lb/day of expendables for 34 days, 
o r  2550 pounds. Approaches advanced have included suborbital s t a r t  of the 
CSM, use  of the J-2S, use  of Minuteman strap-ons,  and minimization of 
cryogenics and expendables i n  the CSM. 

A memorandum documenting the weight and performance 
data prepared in support of the Logistics and Resupply Task Team of the 
NASA-wide Task Group for Saturn V Workshop i s  in  preparation. The data 
being documented will include logistics launch vehicle performance,  space-  
craf t  weights, e lectr ical  power requirements ,  and subsystem lifetime; 
included will be other data for the various spacecraf t  options that were  
identified by the Manned Spacecraft Center. 

One significant conclusion emerging f r o m  this documentation 
i s  that the Saturn IB or  Titan 111 M launch vehicles probably have adequate 
logistics payload capability for any space station that i s  envisioned through 
the mid-1970s. 

A shor t  study was made of the logistics payload available for 
astronomy packages on manned or unmanned ear th  orbital  flights of a 
var iety of logistics launch vehicles. The data f r o m  this study were  summa 
r ized on viewgraphs for  a presentation by Dr.  von Braun to a group of 
as t ronomers  a t  NASA Headquarters.  



B. Saturn IB Workshop 

At the request of Mr. G. Platt ,  supporting R-TO, a cursory  
study was made to develop two conceptual approaches to identify a 
replacement for the LM on AAP-4 flight. The LM replacement i s  to 
perform the functions of unmanned rendezvous and docking of the ATM 
to the Saturn I Workshop, provide a habitable volume and contain required 
displays and controls for ATM operation. The concepts developed indicated 
either the use of MDA -type structure of the AAP- 1A payload "can," for the 
habitable volume, with the incorporation of a RCS and necessary astrionics 
equipment for rendezvous and docking. R -ASTR-A and R-AS participated 
in  the study program to identify astrionics equipment and estimate systems 
costs.  

A .  Lunar Surface Exploration 

A meeting was held on March 18, 1968, to brief Dr. von Braun 
and other Center key personnel on Captain Scherer ' s  visit  to the MSFC. 
Mr. Paul, R-AS, outlined the NASA Headquarters plan for lunar exploration 
to be presented on March 19 by Captain Scherer . This "plan" utilizes the 
Extended Lunar Module (ELM), lunar flying units, advanced orbi ters ,  
lunar roving vehicles, and a Titan 111 C / ~ e n t a u r  class  logistics vehicle 
with ELM launches beginning a s  ear ly  a s  1971. Dr. von Braun's  comments 
to the proposed plan were  that i t  appeared quite optimistic in (1) the number 
of new hardware s t a r t s ,  (2) the payload capability of the ELM, and ( 3 )  the 
schedule beginning in mid-1971 with the f i r s t  ELM flight with two lunar 
flying units. There i s  also a longer storage requirement for the Saturn V 
launch vehicle, if  we accept the plan, which, in  some cases,  may be a s  
long a s  four to five years  for vehicles AS-5 12, 5 13, 514, and 5 15. This 
problem was discussed briefly by Dr. von Braun and Dr. Lucas; however, 
it was accepted that the problem was not crit ical,  just costly. The meeting 
concluded that we must  point these potential problem a r e a s  out to 
Captain Scherer and t r y  to suggest a possible alternative plan. 

At the March 19 meeting, Captain Scherer  and Captain O'Bryant 
presented the Lunar Exploration Plan to Dr. von Braun with some of the 
plan approach rationale. The attached two figures depict the launch schedule 
cost and a breakdown of the payloads recommended in the NASA Headquarters 
plan. At the conclusion of the meeting, Dr. von Braun pointed out the severa l  
problem a r e a s  which were  discussed on the previous day. Mr. Paul presented 
a n  al ternate plan which utilized two Saturn V vehicles in a dual launch mode. 
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This was not a recommended replacement to the plan; however, i t  was 
fel t  this approach should be considered. The NASA Headquarters group 
included Captain Scher e r  , Captain 0' Bryant, Colonel Gr osz,  and 
Mr.  Schmidt (Bellcomm). 

The afternoon program consisted of a 30-minute presentation 
by personnel of this Office on the Lunar Roving Vehicle (LRV) work 
performed in-house (pr imari ly  P&VE), followed by demonstrations of the 
driving simulator and analog computer program a t  the Computation 
Laboratory. The group a lso  visited the Tes t  Laboratory to observe the 
two Mobility Tes t  Art ic les  (MTA). 

A car ry-over  meeting was held on March 20  between Colonel Gros 
and Mr. Schmidt and Center representat ives  f r o m  R-AS and this Office to 
d iscuss  future work in support of the lunar exploration program. All 
agreed  i t  would be v e r y  difficult to t ransport  the dual mode, Field Assis tant  
vehicle on the ELM with a payload weight limitation of 750 pounds, including 
vehicle and science; however, it was felt  that a vehicle designed for mannec 
operation or  one designed to operate remotely could possibly be built within 
this weight constraint. It was a l so  agreed that i f  ei ther the logistics vehicle 
(Titan I11 ~ / ~ e n t a u r  o r  Saturn ~ ~ / ~ e n t a u r )  or  Saturn V dual launch, with 
"stripped" LM, were  used, then the roving vehicle concept would be the 
"specified" LSSM. This vehicle would be operated in the dual mode 
(manned or  unmanned). 

B. Small Manned Roving Vehicle (SMRV) Study P r o g r a m  

Effort on the in-house study of a SMRV i s  continuing. A working 
group meeting was held on March 22,  1968, to d iscuss  the crew station 
design and the remote controller package. A conceptual design of the crew 
station being performed by R-P&VE -VA is nearing completion. 

The meeting on March 20 with NASA Headquarters  personnel 
r a i s e s  questions a s  to the feasibility of the SMRV, which was a l so  to be 
operated remotely,  pr imar i ly  because the ELM payload i s  now only 
750 pounds. This would require  that we build a vehicle which could operate  
in  the manned mode for three days, then i n  the unmanned control mode for  
one year ,  for no more  than 500 pounds. Although the study will continue, 
the depth of sys tems analysis will not be to the detail  a s  previously 
anticipated. 

A demonstration of the DC torques was given a t  the s i te  of 
Space Craft ,  Incorporated, on South Parkway, March 11, 1968. The 



demonstrat ion was  arranged by this Office lor  technical panel members  
who a r e  working in-house on the SMRV study. An evaluation of torques 
for  the mobility sys tem is one task of the study. 

C. MSFC Mobility Test Article (MTA) Test  P r o g r a m  Status 

The sand and scraped soil  courses  a r e  complete. The plowed 
soil course is not complete, with about two days' effort s t i l l  required. 
Both MTAs and the BECO mock-up a r e  nearly ready to tes t ;  however, 
about one week's effort i s  required to prepare  each vehicle for  t e s t  af ter  
the long s torage period. It appears  now that testing will begin no ear l ie r  
than mid-May due to higher pr ior i ty  commitments within Test Laboratory. 

IV. P lane tary  

A .  Evaluation of Unmanned Planetary Mis sion and Hardware 
Alternatives to the Voyager Saturn V Baseline 

Information received f r o m  North American Rockwell indicated 
that tooling for  the Service Module Block I RCS i s  no longer available; 
therefore,  two Block 11 RCS units will be used in MSFC's baseline vers ion  
of the Modified Service Module. The a s sessmen t  of active ve r sus  thermal  
control i s  awaiting a definition of the astr ionics  equipment to be placed in 
the SM. 

A study i s  underway to determine the major  design problems 
associated with the "submerged" Saturn IB/SM i n  which the SM i s  placed 
inside the SLA cavity. Areas  under consideration include nose  cone/^^^ 
jettison technique, SM adapter s t ructure,  and launch facility modifications. 
Studies recently completed by North American Rockwell indicade that, for 
the submerged configuration, passive thermal  control i s  adequate; however, 
for  the standard configuration (SM attached to the top of the SLA), an  active 
thermal  control sys tem with additional insulation i s  required. 

Two s t ruc tura l  support arrangements  of the Service Module and 
one of the Centaur have been evaluated for installation a s  third s tages on 
the Saturn IB. Each third stage configuration i s  enclosed in  a n  AS-204 
type  nos nose cap payload enclosure.  Of the two Service Module configu- 
rat ions,  the support arrangement  utilizing t r u s s  support of the SM f r o m  
the present  LM support position showed the lighter weight. The second 
arrangement ,  utilizing a conical adapter extending f rom the base of the 
SM to the IU ring, resulted in higher weight. In this support a r rangement ,  
a n  18-inch cylindrical spacer was inser ted between the SLA and the IU to 



provide clearance between the conical adapter and the IU cable trough. 
The Centaur support arrangement  uti l izes tension members  f r o m  the top 
of the SLA and tie members  a t  the LM support plane to prevent la te ra l  
movement or  ''swing" of the aft portion of the stage. 

Jett ison weight summaries  have been prepared for two Saturn IB/  
Centaur launch vehicle configurations. For  the f i r s t  configuration, a 
260-inch-diameter shroud and double-angle nose cone a r e  used to  enclose 
the Centaur stage and the payload. For  the second configuration, the 
Centaur stage i s  supported within a SLA and a shor t  154-inch-diameter 
cylindrical section with a nose cone, s imilar  to the AS-204 nose cone, 
encloses the payload. Centaur information for these vehicle configurations 
was  made available f rom LeRC and f rom a " Titan II~/Centaur  Integration 
Study" performed by The Martin-Marietta Corporation for LeRC under 
contract number NAS 3-8708. 

Jet t ison weight summaries  and configuration drawings have been 
prepared for  the Titan 111 ~ / ~ ~ e n a  and the Titan 111 ~ / ~ ~ e n a  vehicles. In 
addition, configurations and jettison weight summar ies  have been generated 
fo r  the Titan III ~ / ~ e n t a u r ,  the Titan I11 F'/centaur, and the Titan 111 F / 
standard transtage. This resu l t s  i n  a total of two Saturn IB vehicles and 
seven Titan vehicles for which configurations and weights have been 
generated in support of the R-AS study. 

A presentation on the Saturn IB Service Module vehicle configu- 
rat ion for the unmanned planetary mission was scheduled for  March 21, 
1968, to the Advanced Systems Activity Senior Staff; however, i t  was 
cancelled in  favor of a presentation on the same  subject by NAR. 

B. Mars  Surface S a m ~ l e  Return (MSSR) Probe  

In support of unmanned planetary study programs,  this Office 
i s  initiating a study to investigate the feasibility and at t ract iveness  of a 
MSSR probe for a 1975 Voyager-type Mars  mission. It i s  assumed that 
the rnission/weight capability represented by one of the two Saturn V 
Voyager spacecraf t  vehicles may be used to support a MSSR. The study 
will  conceptually evaluate and define the vehicle sys tems and flight 
mechanics and ent ry  problems. This three-month study will interface 
with paral le l  effor ts  by R-AERO-X and R-ASTR-A. 



V .  General 

R-ASTR-A, R-AERO-X, and R-P&VE-A a r e  proceeding with the 
development of SRT requirements related to advanced missions, a t  this 
t ime particularly those related to the Saturn V Workshop Configurations, 
B-1  and B-2. &z E ich  E. 



GEORGE C. MARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS REPORl  

STRUCTURES DIVISION 

(March 1, 1968 through March 31, 1968) 

SATURN V 

I. S-IC Stage 

AS-502 Control-Release Mechanisms 

A representative f rom Structures Division was a t  KSC on 
March 7-8 to  discuss  control-release mechanism installation require-  
tnents.  Some KSC personnel were confused on the lubricating require-  
ments  in conjunction with the removal of four mechanisms f rom the vehicle. 
It was emphasized to them that the AS-502 vehicle will operate successfully 
whether the grease  i s  improperly applied, a s  on AS-501, o r  even i f  the 
g rease  i s  optimumly applied. It was a l so  emphasized to KSC personnel 
that  any changes, modifications, or  deviations to the control-release 
mechanisms should only be incorporated by official paper work. 

11. S-I1 Stage 

A .  S-11-4 Crvoeenic Proof Test  

A cryogenic proof tes t  of the S-11-4 was successfully 
cryogenically completed a t  MTF on Friday,  March 23, 1968. The LH2 
proof ullage p res su re  attained was 36. 185 PSIG. The warmest  tempera ture  
recorded on the forward bulkhead a t  the proof p res su re  was -297OF. 
Instrumentation tolerance was +O.  2 PSIG. The proof to l imit  p res su re  
rat io  achieved based on the above tolerance was 1. 055 to 1. 07. 

The stage p r imary  vent valve was over ridden because of 
venting t ~ l e r ~ a n c e s .  The stage was vented manually a t  proof p r e s s u r e  



levels .  Chill down of the forward bulkhead was satisfactorily accomplished 
with cold gas a t  -380°F in 20 minutes. Common bulkhead redlines were 
comfortably maintained. 

B. S-I1 Lightweight Structural Test P rogram 

1. "A" Structure Test  (402) 

Manufacturing Laboratory i s  working two twelve-hour shifts 
on the etch, pr ime,  and foam operation. The S-IC bulkhead has been 
completely etched a s  of March 20, 1968. The foaming operation on the 
bulkhead was completed March 25. With the completion of this operation 
the cylinder and sk i r t  foaming operations should be performed on or  
ahead of schedule. 

Structural assembly inside the tank s t ructure was completed 
except for  replacement of a cracked baffle. Difficulty was experienced in 
the installation of Hi-Loc fasteners  which had been lubricated a t  MSFC. 
Lubrication was specified to be in accordance with vendor specification, 
but high preloads we r e  experienced during installation. Fas teners  and 
col lars  have been provided to the Hi-Shear Corporation for evaluation. 

Spray foam insulation of the forward bulkhead was completed 
on March 25. This was the f i r s t  bulkhead of this size to be foamed a t  
MSFC and resu l t s  appear very good. The foam insulation drawing was 
revised to add deflection measurement  brackets and incorporate other 
change s . 

A revision to the s t ructural  assembly drawing was re leased  
incorporating a modification to the aft skirt .  The modification consists 
of the addition of flat plates between s t r ingers  to provide added assurance  
against problems f rom skin buckling. 

2. "B" Structure Test (401) 

On Friday, March 15, 1968, Phase  IV (Fi l l  and Drain Test)  
of the V7-22(401B) Test P r o g r a m  was completed. The tank was filled 
to the 3070 level  with LN2 using 32, 000 gallons. All sys tems performed 
satisfactorily and prel iminary s t rain data a t  the weld repa i r  in the 
membrane sk i r t  region indicated low strain measurements  a s  predicted 
by analysis.  

On Saturday, March 16, 1968, the LN2 f i l l  and drain t e s t  
was completed without incident. At the completion of the LN2 tanking 
of 100, 000 gallons, (94. 2% filled - Station 914) the tank was pressurized 
to 36. 7 psig and the temperature in the cr i t ical  region of the forward 
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b u ~ ~ h e a d  was - 2 0 5 ' ~ .  Pre l iminary  look a t  recorded data indicates the 
ullage p res su re  was in the range of 36t to 37t psig, and the temperature 
var ied f rom -106OF to -210°F a t  the cryo-proof p res su re  level. This 
i s  being investigated and i s  con t~ad ic to ry  to data obtained up to the 35. 0 
psig level. Dye penetrant and X-ray inspection of the V7-22(401B) t e s t  
assembly was completed af te r  the cryo-proof test .  No defects were 
detected. 

On Monday, March 25, 1968, Phase  V (Cyclic Testing) was 
initiated. The 40 room temperature cycles were satisfactorily completed. 
The 35 cryogenic cycles will be run a t  the completion of the dye penetrant 
inspection. 

3. "C" Structure Test  (403) 

A temperature influence test  was successfully run on the 
"CI1 Structure March 5 to a max. temperature of 3 0 0 ~ ~ .  This tes t  con- 
f i rmed analysis  in that the engine longerons and center engine crossbeam 
tempera tures  did not r i s e  much above the original ambient temperature 
for  a two-hour tes t .  

The "C1' Structure influence testing was completed on 
March 20, 1968. Some influence t e s t s  were deleted f r o m  the schedule 
because of the extremely low s t r e s s  levels and deflection data. 

4. S-11-3 Thrust  Structure Test  (404) 

The MSFC 404 Test P r o g r a m  was successfulLy completed 
February  28, 1968. Completion of this program fulfills the tes t  objectives 
that were not attained on the thrust  s t ructure during S-II-S testing a t  
Seal Beach, California in 1965. 

111. Instrument Unit 

A .  ST-124-M Testing 

azimuth 
engine s 

The ST-124-M, mounted in the ' s tack ' ,  located a t  26. 5 degrces  
and 180 feet f rom the engine, 'was subjected to  a 30 second F-1  
tatic firing exposure on March 12, 1968. Although a prel iminary 

'quick look' data analysis indicated that the guidance p la f fo rm functioned 
satisfactorily,  a more  thorough data evaluation showed Lhc inertial 
acce lerometers  to be hitting their  six degree stops. Prc l iminary  vibration 
and acoustic data analyses showed these levels to be 3 - 6 dB higher than 
comparable AS-501 levels in the cr i t ical  frequency range (20 - 60 cps) .  



A second 30 second F - 1  engine exposure of the ST-124-M on 
March 19, 1968, located a t  the same position, showed the iner t ia l  acce ler ,  
m e t e r s  in the guidance platform to definitely be hitting their  six degree 
stops. F o r  the third exposure on March 27, 1968, the ST-124-M was 
relocated a t  a position 50 degrees and 150 feet f rom the engine exhaust. 
P re l imina ry  'quick look' data analysis indicated that the guidance platform 
malfunctioned. 

B. AS-50 1 Measured Environment/Specification Comparison 

In response to memorandum R-OM-V-68. 74, "Instrument 
Unit Flight Vibration Environment Measured on the AS-501, I t  the 
Environmental Section compared AS-501 instrument unit vibration levels 
with IN-P&VE-S-63-2 revised. Specification exceedances were noted and 
graphically shown for the ST-124 platform, R F  assembly F 2  panel, gas 
bearing supply panel, and the flight control computer. It should be 
noted that with the exception of the ST-124, only the random specification 
was exceeded. In conclusion i t  was stated that with the exception of the 
ST- 124 any instrument  unit component qualified structurally and functionally 
to both sine and random specifications of IN-P&VE-S-63-2 revised would 
be qualified for  Saturn V flights. 

IV. Saturn V System 

Damper System 

Modification of the hook box assembly to  incorporate revised 
switch actuators  was completed and successfully tested. This modification 
offers increased reliability and redundancy in a cr i t ical  portion of the 
automatic sequence. The damper system for Mobile Launched I and I1 
a t  KSC will be retrofit ted for AS-504, and subsequent effectivity. 

ENGINES 

Nuclear 

The Vibration and Acoustics Branch i s  engaged in engineering 
support to determine vibro-acoustic effects on facil i t ies a t  the Nuclear 
Rocket Development Station (NRDS). The following prel iminary resul ts  
of this  study have been t ransmit ted to NRDS. 



1. Overall sound p res su re  level contours for  a Phoebus 2-A 
engine firing. 

2. A typical sound p res su re  spectrum, 

3 .  A l i s t  of locations where p res su re  and response measure -  
ments  should be taken. 

4. Recommendations concerning the calibration range of the 
instrumentation. 

APOLLO APPLICATION PROGRAM 

I. Apollo Telescope Mount 

A .  Rack 

The spherical bearing that i s  specified for  use in the removable 
diagonal s t ru t  a t  the LM end work station was found to have, in the a s -  
received condition, a quantity of a Methyl silicone between the outer r ace  
and the ball. The presence of this compound i s  unacceptable because i t  
will outgass in space. Investigation i s  st i l l  under way to determine i f  the 
d ry  fi lm lubricant in the bearing i s  damaged by the Methyl silicone. 
Similar bearings a r e  also required a t  the solar a r r a y  wing support points 
on the Rack s tructure.  Specifications a r e  being added to the documentation 
that a l l  of these bearings must  be f r e e  of any foreign substances. 

B. Experiment Package 

A prel iminary design of the spar ,  with stiffening rings,  has  
been made and kletail drawings prepared for production of an alignment 
t e s t  spar .  At leas t  one instrument will be mounted and the proposed align- 
ment procedure will be attempted. This prel iminary design i s  identical 
to the flight configuration a s  i t  i s  presently known. 

C. Samis Computer 

Programming of the ATM rack into the SAMIS computer 
program has  sti l l  not been completed. A variety of problems associated 
with both tape redundancies and SAMIS pseudo-instructions have con- 
tributed to  the delay. Because no solution can be a s su red  in the nea r  future,  
the value of SAMIS in the ATM structural  design will not be realized. I t  
i s  anticipated that because of the approaching release date of April 8 on the 
r a c k  drawings, the Douglas Redundant Force  program will have to  serve  
a s  basis  of the s t r e s s  analysis efforts. 
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D. ATM Control Console 

A meeting with representatives f rom Martin Denver on the 
ATM control console has  resulted in an action i t em on the Vibration and 
Acoustics Branch. The understanding i s  that MSFC will derive D E / Q  t e s t  
specifications and tes t  requirements for the console and that the above 
will be imposed on the Martin Company a s  the vibration qualification 
requirements  for the console. 

11. Multiple Docking Adapter 

A. Structural System 

A design study i s  presently underway to find a pract ical  
method of tying the flanges required to  support the experiment modules 
to the internal longerons in the MDA shell. 

Leakage problems encountered on the thermal  t e s t  fixture have 
been remedied by employing a rubber gasket between the cover plate and 
skin. The original RTV 90 faying surface seal failed af ter  repressurizat ion.  

B. Docking P o r t s  

The glass  reinforced epoxy rings for the MDA docking ports  
have been fabricated and a r e  now undergoing machining operations and will 
be shipped to MSFC in the near  future. Pre l iminary  analysis indicates 
good quality rings with excellent dimensional control. 

In an MDA /LM-A interface meeting Grumman Aircraf t  
Engineering Corporation (GAEC) proposed a new motorized 4-latch con- 
figuration which i s  a se r ra t ed  "CW clamp with a matching se r ra t ed  MDA 
docking ring. GAEC stated that theApollo 12-latch configuration i s  not 
compatible with the LM-Alcanister design which introduces loads into the 
LM structure f rom the docking surface through four hard  points. MSFC 
MDA design i s  based on the Apollo configuration; however, i t  could 
accept the loads f rom an 8-latch configuration. The GAEC proposal will 
be impacted against the present  MDA design and the findings reported on o r  
before May 1, 1968. 

/%Ghief, Structure s Division 
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(March 1, 1968, through March 31, 1968) 

SATURN V 

I. S-IC Stage 

Modification to the Forward Service Arm System 

1. Kennedy Space Center (KSC) has indicated a need to modify 
the S-IC stage forward service arm system. The present system includes 
umbilical disconnect at T-16.7 seconds in the countdown. If a hold 
occurs between T-16.7 and T-0, it will necessitate a launch scrub because 
of the inavailability of electrical and environmental conditioning 
services to the forward compartment required for recycling. 

2. Different approaches to remedy this condition involving the 
forward service arm system have been advanced as follows: 

Provide a reconnectable swing arm with an umbilical similar 
to swing arm 1. 

Provide disconnect and swing redundancy for the arm and make 
it "preflight" disconnect at links b u m  (approximately T-6 seconds). 

Make the ECS reconnectable and reroute the electrical cabling 
and hazardous gas analyzer pickup through the tail service mast. 

Review ECS requirements for AS-506 and subsequents for nartial 
deletion of the N flow because of the reduction of electronic canisters 
from 19 to 4. ~daitional purge can possibly be obtained from swing arm 
4 for this compartment. 



3. The conclusion has been reached that the most simple and direct 
approach would be to initiate umbilical disconnect and service arm 
retraction at "links burn" which is the second approach listed above. 
Redundant retract capability for service arm 2 would be required; however, 
the KSC representative accepted the action to assess requirements for 
retract redundancy and provide a schedule for modification of the service 
arm. Further, agreement has been reached to continue investigation of 
possible environmental control system (ECS) removal for AS-506 and 
subsequent vehicles since only four canisters will be required in the 
forward compartment. The required electrical cables would be rerouted 
through the electrical tunnel to the aft umbilicals. Upon receipt of 
the KSC evaluation, a meeting will be called to discuss implementation of 
this change. 

11. S-I1 Stage 

A. Lox and LH, Couplings 
L 

1. The lox and LB2 umbilical couplings have been redesigned 
to eliminate a single point failure mode. The single point failure was 
failure of the locking pin to retract. The redesign changed the couplings 
so that they have the capability to shear out in case the pin does not 
retract. 

2. The above redesign was completed by North American Rockwell 
Corporation/Space Division (NR/SD); hardware fabrication and qualifica- 
tion testing was completed on March 8, 1968. Flight hardware for AS-503 
passed acceptance testing at NR/SD on March 9, 1968, and was installed 
on AS-503 at KSC prior to umbilical/service arm validation testing. 

3. Change out of the LH propellant ground half coupling was 
completed on mobile launcher (ML) ?! for AS-502 on March 24, 1968. The 
decision was made to change out the coupling after water was found inside 
the disconnect and separation of the ground half disconnect from the 
stage was observed. At present, no explanation for the separation has 
been determined. Failure analysis is in progress. 

B. Cryopenic Proof Pressure Test 

Division personnel participated in the S-TI Cryogenic Proof 
Pressure Test Procedures Safety Review held March 14-15, 1968, at Missis- 
sippi Test Facility (MTF). In addition, a brief "walkthrough" of 
operator activities was performed. This cursory review revealed no 
obvious procedural deficiencies which might be conducive to human error 
events. 

C. Engineering Change Proposals (ECP's) 

ECP 5402, Reduction of KSC Checkout Requirements, S-11-6 and 
subsequent vehicles, was processed. Recommendation for disapproval was 
submitted. It is felt that the submission of this ECP was premature 



and t h e  necessary confidence l e v e l  of the a f f e c t e d  equipment has  no t  
been f u l l y  e s t a b l i s h e d  a t  KSC t o  allow t h e  checkout requirements t o  
be reduced below the  p re sen t  minimum requirements.  

111. S-IVB Stage  

Po in t  Level Sensor Arming Time f o r  Second Bum Cutoff 
I 

1. The l a t e s t  computer performance p r e d i c t i o n  d a t a  on t h e  SA-502 
vehicle/S-IVB s t a g e  has i nd ica t ed  a  decrease  i n  t h e  burn time. The 
decrease  n e c e s s i t a t e d  a  change i n  t h e  command "Point Level Sensor Arming" 
from T6 + 683.2 t o  T6 + 663.0 i n  t h e  f l i g h t  sequence. This  change is  
mandatory t o  arm t h e  S-IVB s t a g e  p rope l l an t  l e v e l  s enso r s  p r i o r  t o  a c t u a l  
S-IVB s t a g e  p rope l l an t  deple t ion .  P rope l l an t  dep le t ion  cu tof f  is a backup 
t o  guidance cu to f f .  The e f f e c t  of p rope l l an t  dep le t ion  cu to f f  wi thout  
t h e  senso r s  being armed i s  a c a t a s t r o p h i c  condi t ion .  

2. The change was made i n  t he  switch s e l e c t o r  t a b l e .  A new 
magnetic t a p e  was prepared by As t r ion ic s  Laboratory and t r ansmi t t ed  t o  
KSC. 

I V .  Instrument  Unit (IU) 

I U  Conditions 

This  d i v i s i o n  i s  proposing an o v e r a l l  eva lua t ion  s tudy of t h e  I U .  
Problems e x i s t  which r e l a t e  t o  i n t e r f e r e n c e s  of t h e  Radioisotope Thermal 
Generator (RTG) and S u p e r c r i t i c a l  Helium Checkout Unit (SH,) box wi th  
t r a v e l  of t he  I U  c a r t ,  v i o l a t i o n  of t h e  Lunar Module (LM) withdrawal 
envelope by t h e  RTG, and a  p o t e n t i a l l y  hazardous condi t ion  due t o  RTG 
h e a t  d i s s i p a t i o n  toward t h e  LM hypergol tankage. 

V. General 

A. Q u a l i f i c a t i o n  T e s t i n g  

1. The AS-506 v e h i c l e  assembly drawing 10M15006 and t h e  
r e l a t e d  i n t e r f a c e  hardware torquing procedure 10M15016 have been com- 
p l e t e d  and a r e  now being reviewed i n  p repa ra t ion  f o r  r e l ea se .  

2. C e r t i f i c a t e  of Component Q u a l i f i c a t i o n s  (COCQ's) f o r  t h e  
f l i g h t  c r i t i c a l  e l e c t r i c a l  equipment con ta ine r s  f o r  S-11-3 have been 
approved by t h i s  d i v i s i o n  and As t r ion ic s  Laboratory; t h e  COCQ's  have 
been t r ansmi t t ed  t o  Qual i ty  and R e l i a b i l i t y  Assurance Laboratory f o r  
f u r t h e r  concurrence. 



3. I n v e s t i g a t i o n  has been completed on The Boeing Company (TBC) 
f a i l u r e  s t a t u s  r e p o r t  which ihd ica t ed  t h a t  t h e  60B70540 v i b r a t i o n  and 
shock i s o l a t o r  used f o r  t h e  equipment con ta ine r s  i n  t h e  S-IC s t a g e  had 
co l lapsed .  It has been determined t h a t  t he  c o l l a p s e  occurred when t h e  
s t a g e  w a s  placed i n  t h e  ho r i zon ta l  p o s i t i o n  and t h a t  t h e  i s o l a t o r s  
re turned  t o  normal when t h e  s t a g e  was placed t o  t h e  v e r t i c a l .  Subsequent 
i n v e s t i q a t i o n  has  confirmed t h a t  no damage was sus t a ined ;  consequently,  
t h e  i s o l a t o r s  w i l l  be  l e f t  i n t a c t .  

B. Operat ions Analysis  

1. Change Notice 2 t o  update t h e  con ten t s  of t h e  Saturn V 
Launch Vehicle  Design Reference Ground Sequence (DRGS), MSFC document 
10M30577, was o f f i c i a l l y  r e l ea sed  on March 18, 1968. This  change 
package is  t o  be incorpora ted  i n t o  MSFC drawing 10M30577, a s  explained 
i n  t he  r ev i s ion  record of t h e  change package. Major changes were 
a f f e c t e d  a s  fol lows:  

The s e c t i o n  on Sa turn  V/AS-502 precountdown per iod  (pages 
3 . 3  through 3.3.4), covering t h e  t i m e  from t h e  s t a g e s  a r r i v a l  a t  KSC 
t o  t h e  beginning of t h e  countdown, was changed t o  show a s l i p  i n  t h e  
ca lendar  d a t e  of t he  sequence beginning with "Transfer  t o  Pad" from 
November 27, 1967, t o  a new d a t e  of February 6 ,  1968- 

The s e c t i o n  on t h e  Saturn V/AS-502 countdown per iod  (pages 
3 . 3  through 3.3.4) w a s  changed by the  add i t i on  of a ba r  c h a r t  which 
shows t h e  sequence and flow r a t e s  f o r  p rope l l an t  loading.  

The Sa turn  V/AS-502 countdown supplement (page 3.4) was 
updated t o  show t h e  prelaunch and countdown per iod  i n  t a b u l a r  form. 

The Sa turn  V/AS-503 mission purpose and d e s c r i p t i o n  
supplement (pages 4.1 and 4.1.2) was changed by adding the  502/503 
contingency mission assignment. The SA-503 mission w i l l  f l y  wi th  BP-30 
o r  manned depending on t h e  success  of SA-502. 

2. MSFC drawing 10M30577 d e p i c t s  a Saturn V Launch Vehicle  
DRGS covering t h e  time period from Saturn V s t a g e s  a r r i v a l  a t  KSC u n t i l  
launch and i s  intended t o  be used f o r  t h e  fol lowing purposes: 

Planning. 

Engineering design ana lys i s .  

Operation ana lys i s .  

Systems i n t e q r a t i o n .  

Input  i n t o  h igher  l e v e l  program documentation. (Major 
sLte ope ra t ions  t o  be performed on t h e  Sa turn  V v e h i c l e  a s  c u r r e n t l y  
i d e n t i f i e d  a r e  presented f o r  t h e  prelaunch per iod . )  
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C. Launch Mission Rules (LMR) 

1. Pre l iminary  LMR f o r  ~ ~ - 5 0 3 / ~ P - 3 0  have been r e l ea sed  by 
Mission Operat ions Off ice .  This  LMR r e l e a s e  assumes t h a t  t h e  AS-503/ 
BP-30 mission w i l l  be  e s s e n t i a l l y  t h e  same a s  AS-502. 

2. There a r e  p r e s e n t l y  two known s i g n i f i c a n t  d i f f e r e n c e s  i n  
t h e  above mission r u l e s  which must be considered.  One, t h e  LMR f o r  t h e  
a d d i t i o n  of t h e  H2/0 burner  t o  AS-503 has  a l r eady  been suppl ied  t o  
Mission Operat ions 0 I f i c e .  The o t h e r  s i g n i f i c a n t  d i f f e r e n c e  involves  
t h e  use of t h e  S-IVB s t a g e  formerly des igna ted  f o r  t he  AS-504 mission.  
Because t h e  AS-504 S-IVB s t a g e  was t o  be considered p a r t  of an o p e r a t i o n a l  
v e h i c l e  r a t h e r  than  a r e sea rch  and development (R&D) v e h i c l e  (as  AS-503), 
much of t h e  ins t rumenta t ion  meant f o r  R&D purposes  i s  n o t  included on 
t h e  s tage .  The impact of t h e  n o n a v a i l a b i l i t y  of R&D ins t rumenta t ion  
on t h e  S-IVR s t a g e  must be  assessed  and a de te rmina t ion  made regard ing  
i t s  neces s i t y .  Even though t h e  p re sen t  LMR f o r  AS-503 shows R&D i n s t r u -  
mentat ion,  i t  is n o t  p r e s e n t l y  i n s t a l l e d  on t h e  S-IVB s t a g e  and w i l l  be 
d e l e t e d  from f u t u r e  r e l e a s e  of t h e  LMR un le s s  pending Engineering Change 
Proposa ls  (EcP's) a r e  approved adding i t  t o  t h e  s t a g e .  

D. R e l i a b i l i t y  Analyses 

1. A t  t h e  r eques t  of t h e  D i r ec to r  of F l i g h t  Operat ions,  Manned 
Spacec ra f t  Center (MSC), a r e p o r t  has  been prepared from d a t a  contained 
i n  t h e  Sa turn  V r e l i a b i l i t y  a n a l y s i s  f o r  use  by MSC i n  aerospace n u c l e a r  
s a f e t y  eva lua t ion  of t h e  r ad io i so tope  the rmoe lec t r i c  power u n i t  wi th  
t h e  Apollo Lunar Sur face  Experiment Package (ALSEP). The r e p o r t  p r e s e n t s  
t h e  p red i c t ed  p r o b a b i l i t y  of l o s s  of t h e  Saturn V mission a t t r i b u t e d  t o  
each of t h e  10  s e p a r a t e  unscheduled events  a s  fol lows:  

S-IC s t a g e  explosion on pad. 

S-IC s t a g e  explosion during a scen t  phase. 

S-I1 s t a g e  no i g n i t i o n .  

S-I1 s t a g e  explos ion  during a scen t  phase. 

S-IVB s t a g e  no i g n i t i o n  f i r s t  burn. 

S-IVB s t a g e  explos ion  during i n s e r t i o n  burn. 

S-IVB s t a g e  explos ion  during f i r s t  coas t .  

S-IVB s t a g e  no i g n i t i o n  second burn. 

S-IVB s t a g e  explos ion  during second bum.  

S-IVB s t a g e  explos ion  during second coas t .  
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2. The report includes failures (and associated probabilities) 
which are design oriented only. No human induced failures were con- 
sidered, and no structural failures under normal design loads were 
considered. This reliability data has been transmitted to MSC. 

3. Reliability data has been transmitted to MSC. 

E. Wiring Specifications 

The estimated release date for MSFC-SPEC-494, General Electrical 
Specification for Wiring, has been changed from March to April 1968. 
The schedule change resulted from time extensions required by design 
activities. A coordination meeting on final comments received from each 
laboratory is tentatively scheduled for the first week of April. Barring 
more unforeseen problems the specification should be completed by April 
12, 1968. 

ADVANCED TECHNOLOGY 

I. Systems Design 

A. Orbital Workshop (OWS)/Multiple Docking Adapter (MDA) Documentation_ 

1. The following documentation has been completed: 

SK10-9678, "Waste Management, Space Envelope, MDA." 

SK10-9679, "Food Management, Space Envelope, MDA." 

SK10-9680, "Personnel Equipment Storage, Space Envelope, MDA." 

SK10-9681, "M402, Space Envelope, MDA." 

SK10-9682, "Internal Configuration MDA," layout which 
depicted an eight wall arrangement for experiments and operational 
equipment packages. 

The test plans for the MDA hoist and track assembly, VSM- 
T-68-2, and the Airlock Module hoist and track assembly, VSM-T-68-1. 

The MDA window cover assembly drawings. 

A preliminary test requirements document for the MDA window 
cover opening mechanism, VSA-T-68-2. 

The test plan for the MDA window cover/mechanism. 

SK10-9553, "Test Fixture, MDA Window Cover Opening Mechanism." 



2. Estimated design leakage rates have been prepared for all 
of the division responsible penetrations in the MDA pressure vessel. 
These documents have been submitted to Propulsion Division for analysis 
and incorporation into the overall leakage criteria for the MDA. 

3. A design for an expandable wedge shoe, SK10-9674, for use 
in the ?.IDA and OWS has been completed and is being manufactured by 
Manufacturing Engineering Laboratory. This design is suggested as 
superior to the McDonnell Douglas Corporation (MDC) design in that 
rotation of the locking surface against the grid floors is not required, 
thus reducing the possibility of metal particle contamination within the 
cluster during orbit. 

4. The End Item (EI) Specifications for the following items 
of handling and auxiliary equipment were completed and submitted for 
release: 

MDA Handling Fixture and Slings (CP003M00006). 

MDA Platform and Ladder Assembly (CP003M00007). 

MDA Hoist and Track Assembly (CP003MO0008). 

Airlock Module (A?) Hoist and Track Assembly (CP003M00009). 

MDA Experiment Handling' Fixture Kit (CP003M00010). 

MDA Adapter for Transporter (CP003M00011). 

MDA Docking Port Protective Covers (CP003M00012). 

5 .  Two new end items.have been identified by this division as 
being required to support Apollo Application Program (UP)-2. These 
items are handling fixture kits for the (1) S-IVB solar arrays; and 
(2) the Auxiliary Control System (ACS). 

6. Several MDA layouts are being updated to include the revis 
configuration of the external systems tunnel, the relocation of the disc 
antennas, the relocation of the vacuum vent penetration, the mounting 
requirements for the signal condition rack, and the master measuring 
voltage supply on the external MDA. 

7. SK10-9690, "OWS Muf fler-Plenum Adapter Mockup, " and SK10-5 
"Experiment Mounting Latch Assembly," have been c-eted and are being 
checked. 

8. The requirements for the MDA engineering mockup are being 
coordinated with all responsible organizations. A document defining 
general requirements, component fidelity, changes to existing mockups, 
and preliminary schedules is nearing completion. 



B. Apolio Telescope Mount (ATM) Documentation 

1. A computer program has  been prepared t o  ana lyze  ATM f i l m  
fogging. This  program w i l l  determine pa rame t r i ca l l y  t h e  s h i e l d  t h i cknes s  
r equ i r ed  t o  p r o t e c t  ATM f i l m  t o  s p e c i f i e d  damage l e v e l s  when two 
s t o r a g e  l o c a t i o n s  a r e  u t i l i z e d .  The program should be "debugged" and 
o p e r a t i o n a l  w i t h i n  a month. When t h i s  program is  a c t i v a t e d ,  t h r e e  of 
t h e  minimum of four  programs requi red  t o  e v a l u a t e  ATM r a d i a t i o n  pro- 
t e c t i o n  des igns  w i l l  be  i n  opera t ion .  

2. SK10-7328, "ATM Experiment Package sub-Assembly," i s  be ing  
updated t o  i nco rpo ra t e  t h e  fol lowing:  

Can i s t e r  cool ing system and s e r v i c e  p o i n t s  

Can i s t e r  and i n s u l a t i o n  purge system. 

E l e c t r i c a l  c ab l ing  wi th  feed-through and s e r v i c e  plug 
p l a t e s .  

Mounting ho le  d e t a i l s  f o r  s p a r  mounted t e l e scopes  and 
components. 

Updated e l e c t r i c a l  components envelopes and l o c a t i o n s .  

3.  SK10-7266, "ATH Inboard P ro f i l e /Space  Envelope Layout," 
is  being r ev i sed  t o  i nco rpo ra t e  t h e  following: 

L a t e s t  component mounting, l ayout .  

Rack t o  gimbal system i n t e r f a c e .  

ATM-SLA i n t e r f a c e .  

ATM-LM/AS i n t e r f a c e .  

I U - I U  Spacer (SLA i n t e r f a c e ) .  

I nc lu s ion  of s e rpen tua to r  envelope from SKl0-9942, 
11 Serpentua tor  Envelope Study." 

4. SKlO-7457, "Pneumatic L i f t i n g  Device Layout," is  being 
r ev i sed  t o  r e f l e c t  changes requested by Perkin-Elmer Corporat ion.  
These changes involve  moving t h e  r o l l e r  t r a c k  up and r a d i a l l y  outward 
from i t s  p re sen t  l o c a t i o n .  Clearance t o  r a d i a t o r s ,  rack s t r u c t u r e ,  
and gimbal mounted cab l e s  a r e  t h e  key a r e a s  of concern. 



5. The con f igu ra t i on  of t h e  ATM n e u t r a l  buoyancy mockup i s  
being assessed  t o  determine t h e  changes necessary f o r  t h e  mockup t o  
s imu la t e  and v e r i f y  t h e  f l i g h t  design.  

6. The p re sen t  concept of t h e  83-inch ha tch  of t h e  ATM 
ground handl ing f i x t u r e  w i l l  be made of honeycomb. The ha tch  weight 
w i l l  be  approximately 200 pounds; t h e r e f o r e ,  i t  w i l l  r e q u i r e  a  h o i s t  
t o  a i d  i n  t h e  opening and s h u t t i n g  ope ra t i ons .  

7. A s tudy was prepared which provides  t h e  E l e c t r i c a l  
Support Equipment (ESE) umbi l i ca l  requirements  t o  A s t r i o n i c s  Laboratory.  
This  s tudy a l s o  included N2 purge and l i q u i d  cool ing  requirements  t h a t  
would accompany the  added ESE prelaunch checkout of t h e  ATM, and 
eva lua t ion  of e i g h t  umbi l ica l  p roposa ls  o r i g i n a t i n g  wi th in  t h e  Vehicle  
Systems Div is ion .  

I T .  Systema Engineering 

A. Neut ra l  Buoyancy Simulat ion 

A )fanned Spacec ra f t  Center  (MSC)/Astronaut Neut ra l  Buoyancy 
S imula t ion  Review of t h e  LM I n t r a v e h i c u l a r  A c t i v i t i e s  was performed a t  
MSC on March 5, 1968. The o b j e c t i v e  of t h i s  s imu la t i on  w a s  t o  i d e n t i f y  
p o s s i b l e  i n t e r f e r e n c e s  wi th  t h e  ATM Control  and Display Panel  Envelope 
caused by an Astronaut  performing i n t r a v e h i c u l a r  a c t i v i t i e s .  This  same 
s imula t ion  was performed i n  t h e  ME Laboratory Neutral  Buoyancy F a c i l i t y ,  
January 15, 1968, through February 2 1 ,  1968. It was n o t  p o s s i b l e  a t  
t h a t  t i m e  t o  o b t a i n  an MSC/Astronaut concurrence of t h i s  s imu la t i on  due 
t o  t h e  delay of t h e  r equ i r ed  Operation Readiness In spec t ion  ( O R I )  f o r  t h e  
f a c i l i t y .  The r e s u l t s  supported MSFC's f i nd ings .  

B. Photography Compat ib i l i ty  Study 

Photography tests of e x i s t i n g  OWS i n d i c a t e d  t h e  d e s i r a b i l i t y  of 
rearrangement of crew q u a r t e r s  l i g h t s  and r eco lo r ing  of s u r f a c e s  f o r  
b e t t e r  r e f l e c t i v i t y  f o r  AAP-2. A s  a r e s u l t  of t h e  tests, recommendations 
were made t o  p a i n t  t h e  crew q u a r t e r s  mockup t o  conform t o  the Loewy 
c o l o r  scheme, t o  run l i g h t  tests, and t o  r ea r r ange  e x i s t i n g  l i g h t i n g .  

C. Mul t ip le  Docking Adapter (MDA) Conf igura t ion  

1. Design o rgan iza t ions  of t h e  l abo ra to ry  were d i r e c t e d  t o  
remove t h e  MT)A 4-walls and g r i d  f l o o r  and t o  package only those  i t ems  
f o r  which space i s  a v a i l a b l e  on t h e  b a s i c  8-wall s t r u c t u r e .  The new 
FDA w i l l  be configured by t h e  parameters of weight reduc t ion ,  b a s e l i n e  
miss ion  equipment stowage, and contingency mission ope ra t i on .  



D. AAP-2 Experiment Compat ib i l i ty  

Resu l t s  of an AAP-2 experiment compa t ib i l i t y  a n a l y s i s  was 
presented t o  r e p r e s e n t a t i v e s  of t h e  AAP Off ice ,  NASA Headquarters,  
Washington, D.C., on March 4 ,  1968. The main t o p i c  of d i scuss ion  a t  
t h i s  meeting was how MSFC and MSC proposed t o  do t h e  d e t a i l e d  exper i -  
ment compa t ib i l i t y  a n a l y s i s  requested i n  the  new Mission 3C d i r e c t i v e .  
The MSFC p o s i t i o n  w a s  t h a t  t he  experimentlmission compa t ib i l i t y  a n a l y s i s  
would be done through t h e  AAP Mission Requirements Panel.  The MSC 
p o s i t i o n  was n o t  y e t  def ined ,  bu t  they d id  not  concur wi th  MSFC's 
proposal .  Af t e r  hear ing  both Center ' s  d i scuss ions ,  t h e  AAP Off i ce  
r e p r e s e n t a t i v e s  came out  with t h e  fol lowing gu ide l ines  regarding exper i -  
ment compa t ib i l i t y :  

MSC is  r e spons ib l e  f o r  de f in ing  mission requirements.  

MSFC i s  r e spons ib l e  f o r  de f in ing  system requirements.  

AAP Mission Requirements Panel  should l i s t  those  i tems  t h a t  
a r e  requi red  f o r  an experiment compa t ib i l i t y  ana lys i s .  

MSFC and MSC should des igna te  t he  i n d i v i d u a l  a t  each Center 
who w i l l  be r e spons ib l e  f o r  experiment compa t ib i l i t y .  

MSFC is  a l s o  r e spons ib l e  f o r  i n v e s t i g a t i n g  experiment s t o r a g e  
l o c a t i o n s  on the  AM. 

E. O r b i t a l  Workshop (OWS) Configurat ion Base l ine  Summa3 

The OWS conf igura t ion  base l ine  summary has been completed wi th  
t h e  except ion  t h a t  a l l  t he  crew s t a t i o n  review i tem d i sc repanc ie s  (RID'S) 
have no t  been incorporated.  These w i l l  be incorpora ted  during t h e  e a r l y  
p a r t  of Apr i l  and t h e  f i r s t  o f f i c i a l  r e l e a s e  of t h i s  document con ta ins  
t h e  agreements and commitments which d e f i n e  t h e  OWS conf igura t ion  a t  
t h i s  time. The document w i l l  be updated a s  changes t o  t h e  OWS configura-  
t i o n  occur.  The r e l e a s e  d a t e  has  s l i pped  because w e  have been unable 
t o  o b t a i n  the  design review boards dec i s ion  on many of t h e  crew s t a t i o n  
review RID'  s . 

F. A t t i t u d e  Control  System (ACS) 

A d r a f t  of t he  ACS R&D Plan h a s  been prepared according t o  t h e  
P r o j e c t  Requirements Document (PRD) imposed on R&DO by t h e  AAP O f f i c e  
of 10. Copies of t h i s  d r a f t  have been submitted t o  t h e  engineering 
manager's o f f i c e  f o r  review by o t h e r  l a b o r a t o r i e s .  A high  p r i o r i t y  
was placed on t h i s  document by I 0  and the  l e a d  l abo ra to ry  engineering 
manager's o f f i c e .  However, work has  stopped and we cannot complete t h e  
p l a n  u n t i l  agreement has  been reached between I 0  and R&DO on t h e  content .  



G. So la r  Array System (SAS) 

The f i r s t  d r a f t  of t h e  SAS R&D Plan has been completed. 
P re sen t ly  i t  i s  being reviewed w i t h i n  t h e  d i v i s i o n  only. It w i l l  
n o t  be submitted t o  o the r  l a b o r a t o r i e s  f o r  review u n t i l  agreement on 
t h e  contents  f o r  t h i s  type of document has been reached between I0 
and R&DO. 

H. Review Item Discrepancies  (RID's) 

P a c k a ~ e s  of t h e  R I D ' S  r e s u l t i n g  from t h e  OWS De l t a  Pre- 
l iminary  Design Review (PDR) were prepared f o r  t h e  design review board 
meeting he ld  March 12 ,  1968. These packages contained t h e  sub-board6 
recommended a c t i o n  f o r  each RID.  The crew s t a t i o n  review R I D ' s  a r e  
s t i l l  being considered by t h e  design review board and a r e  t h e r e f o r e  
no t  included i n  the  OWS b a s e l i n e  docume;nt. 



GEORGE C .  MARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS REPORT 

'WCH 1, 1968 THROUGH MARCH 31, 1968 

SATURN v 

I. S-IC Stage  

A. Evaluat ion of Commercial Adhesives 

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

Evaluat ion of Addit ives  and Primers 

Data were repor ted  previously on the  r e s u l t s  obtained by 
inco rpora t ion  of Stafoam AA-1802 i n t o  MEK (methylethyl ketone)  i n  
percentages vary ing  from 5 t o  25 percent  i n  an e f f o r t  t o  determine 
optimum concent ra t ion  f o r  a primer s o l u t i o n  f o r  polyurethane bonded 
aluminum adherends. A t  t h a t  t ime,  room temperature lapshear  t e n s i l e  
s t r e n g t h  va lues  i nd ica t ed  a 15-percent s o l u t i o n  of Stafoam AA-1802 
t o  be  a s  e f f e c t i v e  as  a 25-percent s o l u t i o n .  These two concent ra t ions  
have been reassessed  wi th  lapshear  t e n s i l e  t e s t s  a t  f o u r  temperatures .  
The adhesive formulat ion was Narmco 734317139 (100 g l11 .5  g ) .  S i l a n e  
coupling agent  2-6040 was incorporated a t  t h e  0.2 percent  l e v e l  i n  t h e  
primer s o l u t i o n  and 1 . 0  percent  i n  t h e  adhesive mix. The primer was 
cured f o r  4 hours a t  room temperature.  Lapshear d a t a  obtained on t h e s e  
specimens a r e  summarized below: 

Lapshear S t rength  With Indica ted  Primer Concentrat ions 
Temperature, O F  (OC1 Unprimed 15  percent  25 percent  



This  s e r i e s  provides some i n d i c a t i o n  t h a t  the  25-percent concentrat ion is  
p r e f e r a b l e  t o  the  lower concent ra t ions ,  e spec ia l ly  a t  room temperature and 
above. An i d e n t i c a l  s e r i e s  i n  which the primer was given a 2-hour ambient 
cu re  ( r a t h e r  than 4 hours,  as  above) reconfirmed a s l i g h t  b e n e f i t  from t h e  
25-percent concent ra t ion  while  showing the  s h o r t e r  cure t o  be n o t  q u i t e  s o  
e f f e c t i v e  as the longer one. 

I n  summary, a t  the  present  time the  25-percent concent ra t ion  
of Stafoam AA-1802 i n  MEK, cured 4 hours a t  room temperature, appears t o  
be  t h e  optimum concentrat ion and cure f o r  primer usage. It may be noted 
t h a t  t h e  b e s t  values obtained a t  t h e  250°F (121°C) t e s t  temperature f o r  
t h i s  s e r i e s  a r e  markedly below previously obtained values (2200 p s i )  a t  
t h e  same temperature using the  same primer, adhesive, and cure  cyc le .  No 
reason f o r  t h i s  extreme v a r i a t i o n  is known a t  t h e  present  time. 

Further  s t u d i e s  have been made on Primer M y  a polyes ter  primer 
now used extens ive ly  with urethane adhesives. Four d i f f e r e n t  cure cycles  
described below were evaluated.  I n  each case ,  t he  adhesive was cured 24 
hours a t  room temperature followed by two hours a t  160°F (71°C). 

Primer Cure 
Lapshear Tens i l e  ( p s i )  

75OF (24OC) 200°F (93OC) -300°F (-1%T) 

1. 2 h r s  . 75°F (24°C) ; 2 h r s .  160°F (71°C) 2338 716 5828 
2. 4 h r s .  75OF (24°C) 1810 672 5370 
3 .  24 h r s .  75OF (24OC) 2356 816 6134 
4 .  48 h r s  . 75OF (24OC) 2382 890 6046 
5 .  Control (No primer) 1938 668 7032 

These d a t a  f i rmly  e s t a b l i s h  t h e  d e s i r a b i l i t y  of giving Primer M a longer 
ambient cure  than four hours.  The o ther  th ree  curing processes appear 
equivalent .  

It has been a cons i s t en t  observat ion l o c a l l y  t h a t  Primer M 
does n o t  enhance t h e  s t r e n g t h  p roper t i e s  of urethane adhesive bonds t o  
aluminum a t  temperatures below room temperature. However, it is  b e n e f i c i a l  
a t  temperatures above room temperature. It has been es tabl i shed t h a t  t h i s  
b e n e f i c i a t i o n  of high temperature s t r eng th  is enhanced by the  use  of 2-6040 
coupling agent i n  t h e  adhesive mix. Neither approach is  a s  s a t i s f a c t o r y  a s  
t h e  use  of Z-6040-doped adhesive alone without a primer. 

Lapshear Strengths 
Temperature, OF ("Cl Unprimed Primer M Only Primer M + 2-6040 2-6040 Only 

These d a t a  continue t o  support  our b e l i e f  t h a t  Primer M o f f e r s  no advantage 
i n  cryogenic s t r e n g t h  when bonding aluminum with Narmco 7343,and i t  is  i n f e r i o r  
a t  e levated  temperatures t o  the  adhesive-si lane a d d i t i v e  combination. 



B. Development and Evaluation of Potting Compounds and Conformal Coatina 

The two objectives of this program are to develop (1) embedment 
materials with low dielectric losses and low thermal expansion coefficients 
for application to "cord~ood'~ module-type circuitry and (2) conformal 
coatings having low dielectric loss and flexibility at low temperatures for 
application to printed circuit boards. 

1 . Embedment Compounds 

Efforts have continued toward producing large batches of inter- 
mediates which are used to prepare epoxy-siloxane embedment polymers. 
Difficulty was experienced in large scale preparation of E-allylphenyl- 
dimethylaminodimethylsilane,and several procedures are being' investigated 
to improve the purity of the distilled product. Another intermediate, 
1,4-bis(hydroxydimethylsilyl)benzene, has been prepared in pure form in 
a 150-gram batch. Additional preparations of p-allylphenyldimethylsilanol 
have been carried out in order to accumulate 100-200 grams of this material. 
Additional scaled-up quantities of two other aminosilane intermediates, 
bis(dimethylamino)dimethylsilane and 1,3-bis(dimethy1amino)tetramethyl- 
disiloxane, are in preparation. 

2. Conformal Coatings 

Further work on the hydrocarbon-modified urethane coating 
is awaiting receipt of the saturated, hydroxyl-terminated polyhydrocarbon 
from General Tire and Rubber Company. 

Continued emphasis has been placed on developing the silphenylene 
siloxane polymers as conformal coatings. The silphenylene materials when 
cured in aluminum dishes adhere tenaciously to the aluminum; however, this 
adhesion has not been demonstrable in lapshear configurations. Attempts 
will be made to fabricate peel specimens from the silphenylene polymer, to 
duplicate the conditions under which adhesion of this material was originallj 
observed. In support of this electrical application of the silphenylene 
polymer, Southern Research Institute, under contract NAS8-20190, is preparing 
specimens of the methyl-substituted polymer, 

for local measurements of dielectric constant, dissipation factor, dielectric 
strength, and insulation resistance. 

3. Ceramic Materials 

Efforts have continued to investigate commercial materials 
for application as ceramic potting compounds for electrical components. 
During this report period, 12 samples were prepared from either Sauereisen 
cements or Aremco ceramic castables. The electrical properties of these 



m a t e r i a l s  have not  been determined, s i n c e  t h e  work t o  d a t e  has been confined 
t o  s tudying  t h e  workabi l i ty  of t h e  as - rece ived  m a t e r i a l s .  

I n v e s t i ~ a t i o n  of t h e  F a i l u r e  of an S-IC Stage  Hydraulic Actuator 

Four a d d i t i o n a l  Moog S-IC servoac tua tors  were rece ived  f o r  examination 
from the  As t r ion ic s  Laboratory.  The u n i t s ,  ~ 1 ~ 2 8 ,  S/N46, S/N64, and S/N77, 
were 50M conf igu ra t ions  which had undergone var ious  t e s t s  by t h e  A s t r i o n i c ~  
Laboratory.  Actuators  SIN28 and S / ~ 6 4  were known t o  con ta in  cracks and 
S / U 6  and SIN77 were forwarded t o  t h i s  d i v i s i o n  a s  conta in ing  poss ib l e  
c r acks .  F a i l u r e  a n a l y s i s  was completed of S/N28. It was concluded t h a t  
t h e  f r a c t u r e  i n i t i a t e d  i n  t he  b a r r e l  s e c t i o n  by s t r e s s  cor ros ion  cracking .  
The f r a c t u r e  p a t t e r n  showed ind ica t ions  of four  d i s t i n c t  f r a c t u r e  s t e p s ;  
t h e  f i r s t  t h r e e  showing evidence of s t r e s s  co r ros ion  and the  f i n a l  s t e p  
predominately overload t e n s i l e .  Chemical a n a l y s i s  and mechanical proper ty  
de te rmina t ions  w i l l  b e  made on t h e  m a t e r i a l .  F a i l u r e  analyses  of t h e  
a d d i t i o n a l  t h r e e  have not  been completed; however, t h e  f r a c t u r e  i n  SIN28 
i s  i n  t h e  same a r e a  and o r i e n t a t i o n  a s  t h e  f r a c t u r e  i n  S/N67 repor ted  l a s t  
month. The f a i l u r e  a n a l y s i s  of t hese  t h r e e  w i l l  cont inue .  

D .  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 Stage Actuator  Fas teners  

As a r e s u l t  of The Boeing Company's experience of f a s t e n e r  f a i l u r e s  
i n  Hydraulic Research Company a c t u a t o r s ,  s i m i l a r  f a s t e n e r s  were removed from 
a c t u a t o r s  a t  MSFC and were forwarded t o  t h i s  d i v i s i o n  f o r  a n a l y s i s .  These 
f a s t e n e r s  were torqued t o  75 percent  of y i e l d  and he ld  f o r  t h e  prescr ibed  
200 hours  t o  check f o r  hydrogen embri t t lement .  No f a i l u r e s  occurred dur ing  
t h e  200-hour t e s t  nor i n  t h e  subsequent 600 a d d i t i o n a l  hours .  Severa l  
f a s t e n e r s  removed from SA502 S-IC Hydraulic a c t u a t o r s  were rece ived  r e c e n t l y  
and w i l l  be  t e s t e d  s i m i l a r l y .  

E . I n v e s t i ~ a t i o n  of t h e  F a i l u r e s  of an S-IC "A S t ruc tu re"  Fuel Tank 
B a f f l e  

Prel iminary f a i l u r e  a n a l y s i s  of f r a c t u r e s  from two 7079-T6 aluminum 
f u e l  tank s l o s h  b a f f l e s  removed from the  S-IC "A S t ruc tu re"  i n d i c a t e  t h a t  
c r ack ing  i n i t i a t e d  i n  r e c r y s t a l l i z e d  g r a i n  a r eas  i n  t h e  v i c i n i t y  of f a s t e n e r  
h o l e s .  Evidence of s t r e s s  cor ros ion  was de t ec t ed  by both meta l lographic  and 
f r ac tog raph ic  methods. 

F. I n v e s t i g a t i o n  of S t r e s s  Corrosion C h a r a c t e r i s t i c s  of 17-7 PH 
S t a i n l e s s  S t e e l  Actuator Springs 

S tudies  have continued i n t o  t h e  s t r e s s  cor ros ion  c h a r a c t e r i s t i c s  
of t h e  va r ious  sp r ings  used i n  both Moog and Hydraulic Research a c t u a t o r s .  
Except f o r  specimens taken from the  c lock  s p r i n g  (HR) which f a i l e d  i n  
s e r v i c e ,  t he  only o the r  sp r ing  t o  f a i l  was a  h e l i c a l  c o i l e d  sp r ing  (HR) 
i n  t h e  CH900 condi t ion  loaded t o  maximum d e f l e c t i o n ,  which f a i l e d  a f t e r  f i v e  
months of exposure i n  t h e  a l t e r n a t e  immersion t e s t e r .  Severa l  17-7 PH 
RH950 s t a i n l e s s  s t e e 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 prevalve a c t u a t o r  which had been used f o r  q u a l i f i c a t i o n .  One of two 
s e t s  of 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 days of exposure under very high load .  Addit ional  sp r ings  
from t h i s  va lve  a r e  being evaluated i n  t he  a l t e r n a t e  immersion t e s t e r .  There 
have been no f a i l u r e s  of t hese  sp r ings  a f t e r  140 days of exposure. 

11. Contract  Research 

During t h i s  r e p o r t  per iod ,  Sa turn- re la ted  suppor t ing  research  a c t i v i t i e s  
have continued i n  t h e  f i e l d s  of technology wi th  t h e  c o n t r a c t o r s  and under 
c o n t r a c t  numbers l i s t e d  below. 

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

1. Thiokol Chemical Corporat ion,  NAS8-21197, NAS8-21149 
2. Univers i ty  of F l o r i d a ,  NAS8-20247 
3 .  Peninsular  ChemResearch, Incorpora ted ,  NAS8-5352 

B. Assessment and Evaluat ion of B la s t  Hazar* 

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

C . Nondestruct ive Tes t ing  Techniques 

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

111. S- I1  S tage  

A.  Development of Fas t  Curing Adhesives f o r  Use i n  I n s u l a t i o n  Repairs  

The p o s s i b i l i t y  t h a t  i n s u l a t i o n  r e p a i r s  may be necessary between CDDT 
and launch has requi red  an eva lua t ion  of acce l e ra t ed  cu re  schemes f o r  t h e  
Narmco 7343 adhesive.  Two formulat ions developed e a r l i e r  were s tud ied  f o r  
t h i s  e v e n t u a l i t y :  

Formulation I - 100 g .  7343111.5 g .  MOCA/O.l  g .  Adipic ac id  
Formulation I1 - 40 g.  Adiprene L-315160 g .  7343117.9 g .  MOCA. 

These formulat ions were t e s t e d  a f t e r  both 1 and 4-day ambient cures  on both 
unprimed adherends, and the  adherends primed with Primer M. 

Lapshear T e n s i l e ,  p s i  
Formulation 1 -Day Cure 4-Day Cure 

-300°F 75OF 200°F -300°F 75°F 200°F 
(-184°C) (24°C) (93°C) (-184°C) (24°C) (93°C) 

( I )  No Primer 2940 2418 8 24 5810 2234 952 
( I )  Primer M 2978 2244 994 5889 2478 998 

(11) No Primer 1234 2422 648 4312 3129 1063 
(11) Primer M 1536 2646 690 4422 3084 1163 



Formulation I reaches i t s  normal s t r e n g t h  l e v e l  f o r  room temperature t e s t s  
~ i t h i n  one day,  although t h e r e  i s  cons iderable  ga in  i n  cryogenic s t r e n g t h  
up t o  fou r  days .  Formulation I1 y i e l d s  one day 75OF (24OC) s t r e n g t h  equal  
t o  Formulation I, bu t  t he  one day cryogenic s t r e n g t h s  a r e  very  low and a r e  
cons iderably  h ighe r  a f t e r  four  days.  Primer M does n o t  cause a s i g n i f i c a n t  
change i n  observed s t r e n g t h s .  The one-day cryogenic s t r e n g t h s  f o r  each 
formula t ion  a r e  more adverse ly  a f f ec t ed  by t h e  incomplete cu re  than  a r e  t h e  
ambient and +200°F (93OC) s t r e n g t h s .  

There a r e  prel iminary i n d i c a t i o n s  t h a t  u sab le  cryogenic s t r e n g t h  
(3600 p s i  a t  -300°F (-184OC)) develops wi th  formulat ion I a f t e r  a two-day 
c u r e  a t  -40°F (-40°C). Formulation I a l s o  was used s u c c e s s f u l l y  on t h e  
McDonnell Douglas tank program mentioned e a r l i e r .  On t h i s  b a s i s ,  t h e  
c o n t r a c t o r  has  been d i r e c t e d  t o  u s e  formulat ion I i n  t h e  event  a r e p a i r  
requirement  i s  encountered a f t e r  SA-502 CDDT. 

B .  Developmental Welding 

Studies  have continued i n  a t tempts  t o  develop a c o r r e l a t i o n  of t h e  
e f f e c t s  of var ious  welding inpu t s  and n a t u r a l  aging upon t h e  performance 
c h a r a c t e r i s t i c s  of t h e  fused j o i n t s  i n  2014-T6 aluminum. P resen t ly ,  t h e  
t abu la t ed  d a t a  a r e  being used t o  e s t a b l i s h  a s t a t i s t i c a l  c o r r e l a t i o n ,  i f  
any,  between hea t -a f  f  ec ted  zone width and j o i n t  s t r e n g t h  . 

A l l  experimental panels  of aluminum a l l o y  2014-T6 (1/4-inch p l a t e )  
have been welded by TIG and MIG processes  ( f l a t  and h o r i z o n t a l  p o s i t i o n s )  
u s ing  both 2319 and 4043 f i l l e r  metals  with two s e l e c t e d  j o i n t  con f igu ra t ions ,  
and m e t a l l u r g i c a l  eva lua t ion  is  nea r ly  complete. Ul t imate ly ,  t h e  r e s u l t s  
ob ta ined  from t h e s e  panels  w i l l  be  compared t o  each o t h e r  ( r e s u l t s  r e p r e s e n t i n g  
each weld cond i t i on )  a s  we l l  a s  t o  t h e  r e s u l t s  ob ta ined  from experimental 
weldments made by t h e  pulsed a r c  MIG process .  

C .  Evaluat ion of Corrosion C h a r a c t e r i s t i c s  of 2014-T651 (063 Mate r i a l )  
Aluminum Tank Mate r i a l s  

The i n v e s t i g a t i o n  of t h e  s t r e s s  co r ros ion  s u s c e p t i b i l i t y  of t h e  2014- 
T651 (063 tank m a t e r i a l )  was i n i t i a t e d  because of d i f f e r e n t i a l  g r a i n  s i z e  and 
cracking  of t h i s  preforged p l a t e  ma te r i a l  dur ing  f a b r i c a t i o n  of t h e  S - I1  
t anks .  Se lec ted  s e c t i o n s  of "063" and "021" tank m a t e r i a l  f a b r i c a t e d  by 
t h e  Kaiser  Aluminum Company were obta ined  f o r  comparison of  s t r e s s  co r ros ion  
s u s c e p t i b i l i t y .  Round t e n s i l e  specimens were f a b r i c a t e d  from s e l e c t e d  
a r e a s  of both ma te r i a l s  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 .  The long i tud ina l  
specimens were t ens ion  loaded t o  40 and 50 k s i ,  t h e  long t r a n s v e r s e  t o  25 
and 35 k s i ,  and t h e  s h o r t  t r ansve r se  t o  3 ,  5 ,  and 10 k s i .  The only  specimens 
now i n  t e s t  a r e  t h e  063 ma te r i a l  i n  t h e  a l t e r n a t e  immersion t e s t e r .  Other 
a n t i c i p a t e d  t e s t  environments w i l l  b e  t he  l o c a l  atmospheres and s y n t h e t i c  
s e a  water ,  and when specimens become a v a i l a b l e  t hese  t e s t s  w i l l  be i n i t i a t e d .  
Resu l t s  of t h e  t e s t s  t o  d a t e  inc lude  f a i l u r e s  of 1 5  l a r g e  g r a i n ,  3 medium 
g r a i n  and 1 small  g r a i n  specimen s t r e s s e d  t o  10  k s i  i n  s h o r t  t r a n s v e r s e  
d i r e c t i o n ;  4 l a r g e  g r a i n  specimens s t r e s s e d  t o  5 k s i  i n  s h o r t  t r a n s v e r s e  
d i r e c t i o n ;  4 l a r g e  g r a i n  specimens s t r e s s e d  t o  3 k s i  i n  s h o r t  t r a n s v e r s e  



d i r e c t i o n .  These t e s t s  w i l l  cont inue  f o r  a t o t a l  of 90 days .  The 
c i r c u l a r  patch weld t e s t s  have been completed on t h e  l a r g e  and small  
g r a i n  063 m a t e r i a l  and the  021 p l a t e  m a t e r i a l .  No rad iographic  d e f e c t s  
o r  dye penet ran t  i nd ica t ions  were noted.  These panels w i l l  be  he ld  
f o r  a s h o r t  per iod of time i n  t h e  r e s t r a i n e d  condi t ion  t o  check f o r  
delayed cracking .  Subsequent eva lua t ions  w i l l  fol low.  Panels a r e  
being prepared a l s o  f o r  va r ious  co r ros ion  and chemical processing 
s t u d i e s  on t h e  063 and 021 m a t e r i a l .  

D . I n v e s t i g a t i o n  of F r a c t u r e  Toughness 

The f r a c t u r e  toughness program r e l a t e d  t o  f r a c t u r e  p r o p e r t i e s  
of 2014-T6 aluminum a l l o y  weldments is being cont inued.  A f u l l  in-house 
c a p a b i l i t y  t o  perform f r a c t u r e  toughness eva lua t ions  is  being developed. 
Because of r e c e n t  problems, t e s t  specimens have been added t o  eva lua t e  
t h e  d i f f e r e n c e s  i n  f r a c t u r e  toughness between small  grained and l a r g e  
gra ined  p l a t e  ma te r i a l  from NAR (North American Rockwell). The s t a g e  
c o n t r a c t o r ,  NAR, has  completed Task 2 ( e n t i t l e d ,  "Supplementary T e s t s  
t o  Phase I " )  of Phase I1 which included deep f law e f f e c t s  i n  2 0 1 4 - ~ 6 /  
4043 welds and hn eva lua t ion  of 0.625-inch 2014-~612319 welds s imu la t ing  
t h e  LOX bulkhead d o l l a r  weld. NAR a l s o  has  completed s e v e r a l  room 
temperature f law growth t e s t s  and developed a procedure f o r  monitoring 
f l aw  growth under sus t a ined  o r  c y c l i c  loading .  No information i s  a v a i l a b l e  
t o  permit  assessment of t h e  r equ i r ed  proof f a c t o r .  NAR i s  r eques t ing  
c o n t r a c t  ex tens ion  from September 30, 1968, t o  November 30, 1968, through 10 .  

The experimental work has  been completed on a s p e c i a l  s t u d i e s  
c o n t r a c t  wi th  The Boeing Company (TBC) i n  S e a t t l e  t o  determine f l aw  
growth d a t a  on 2014-~614043 r e p a i r  weldments under sus t a ined  load 
cond i t i ons .  An assessment of t h e  d a t a  i s  being made which i n d i c a t e s  
cons ide rab le  disagreement with TBC r e l a t i v e  t o  crack l o c a t i o n ,  s e l e c t i o n  
of KIC, and de termina t ion  of t h e  K ~ ~ / K ~ c  va lues  used t o  e s t a b l i s h  proof 
f a c t o r s .  A t e n t a t i v e  assessment of t h e  combined TBC and NAR f r a c t u r e  
toughness d a t a  i n d i c a t e  t h a t  f law magni f ica t ion  does n o t  e x i s t  even t o  
a / t  va lues  of 0.6 f o r  v i r g i n  (cover pass)  o r  r e p a i r  pass  welds a t  -423OF 
(-253°C) and t h a t  apparent  KIC va lues  i nc rease  a s  t he  a/Q o r  a / t  va lues  
i n c r e a s e  over t h e  range t e s t e d .  Also,  r e p a i r  welds e x h i b i t  toughness 
o r  c h a r a c t e r i s t i c s  s i m i l a r  t o  v i r g i n  welds when the  c rack  i s  loca t ed  
i n  t he  cover pass o r  r e p a i r  pass .  A proposal  from McDonnell Douglas 
Company f o r  a f r a c t u r e  toughness t e s t  program covering t h e  S-IVB s t a g e  
i s  be ing  eva lua ted .  

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

The o b j e c t i v e  of t h i s  p r o j e c t  i s  s t anda rd iza t ion  of non- 
d e s t r u c t i v e  technology f o r  i n e r t  gas welds of t h e  type used on the  
Sa tu rn  S - I 1  s t a g e  p rope l l an t  tanks .  The most e f f e c t i v e  techniques 
a r e  t o  be  optimized and t h e i r  e f f i c a c y  i s  t o  be e s t a b l i s h e d .  



W e  experimental study of t h e  radiography of t h e  0.392 inch th ickness  
of 2014-T6 aluminum a l l o y  b u t t  welded panels has  been completed. The optimum 
parameter va lues  of t he  rad iographic  exposures made have been determined and 
a r e :  voltage, 62.5 k i l o v o l t s ;  amperage,B milliamps (maximum machine r a t i n g ) ;  
exposure t ime, 2  minutes (h ighes t  considered p r a c t i c a l ) ;  f i l m  foca l  s p o t  
d i s t a n c e ,  36 inches (minimum) ; foca l  spot  s i ze ,  0.7 mi l l ime te r s  ( smal les t  
a v a i l a b l e ) .  An e x t r a  f i n e  g r a i n  f i l m  and a  Norelco MG 150 X-ray machine 
were used i n  t hese  eva lua t ions .  The use  of t hese  optimum values  r e s d  ts 
i n  a  high r e s o l u t i o n  f i l m  with a  dens i ty  of 3.16. 

The above r e s u l t s  have been appl ied t o  t h e  in spec t ion  of t h e  
Sa tu rn  S - I 1  s t a g e .  The oppor tuni ty  f o r  app l i ca t ion  came r e c e n t l y  when 
personnel  of t h i s  Center were assigned t o  develop t h e  optimized rad iographic  
techniques f o r  t h e  in spec t ion  of S-11-3 welds covered wi th  honeycomb 
i n s u l a t i o n .  

F . I n v e s t i g a t i o n  of Nondestruct ive Techniques f o r  Inspec t ion  of 
Composite Mater ia l s  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t h e  development of methods 
and ins t rumenta t ion  requi red  f o r  t h e  nondes t ruc t ive  eva lua t ion  of debonds 
and voids  i n  spray foam aluminum composite ma te r i a l s  of t h e  type and 
c o n f i g u r a t i o n  used on t h e  ,S-I1 s t a g e .  Th i s  cryogenic i n s u l a t i o n  is  a  low 
d e n s i t y  polyurethane foam c a l l e d  'Wopco." Standard u l t r a s o n i c  technology 
i s  inadequate  f o r  d e t e c t i n g  l ack  of adhesion between Nopco and aluminum. 
The major d i f f i c u l t y  is  due t o  the  low acous t i c  impedance of t h e  foam. 
More s p e c i f i c a l l y  t h e  a c o u s t i c  c h a r a c t e r i s t i c s  of t h i s  foam and of a i r  
a r e  very nea r ly  t h e  same. There is  i n s u f f i c i e n t  d i f f e r e n c e  between 
t h e  magnitude of r e f l e c t e d  energy from t h e  aluminum-foam i n t e r f a c e  
and t h a t  r e f l e c t e d  from t h e  aluminum-air i n t e r f a c e ,  when a  debond 
e x i s t s ,  t o  allow t h e  use  of pu l se  echo t e s t i n g .  Nopco a t t e n u a t e s  
h igh  frequency energy t o  such an ex ten t  t h a t  through t ransmiss ion  
u l t r a s o n i c s  t e s t i n g  i s  imprac t ica l  wi th  a v a i l a b l e  ins t rumenta t ion .  
The re fo re ,  s eve ra l  audio frequency methods were i n v e s t i g a t e d .  

A resonant  foam coupler  was developed which couples acous t i c  
energy i n t o  the  foam s i d e  of t h e  composite. Changes i n  t h e  v i b r a t i n g  
c h a r a c t e r i s t i c s  of  t h e  coupler  caused by debonds a r e  de t ec t ed  wi th  a  
microphone. Th i s  resonant  foam coupler  i s  e f f e c t i v e  f o r  t h e  d e t e c t i o n  
of debonds i n  labora tory  specimens placed i n  a  h o r i z o n t a l  p o s i t i o n ;  
however, p ressure  requi red  t o  hold t h e  coupler  f o r  v e r t i c a l  t e s t i n g  
produces undes i r ab le  e f f e c t s .  

Through t ransmiss  ion and s i n g l e  s i d e  eddy cu r ren t ,  methods a r e  
be ing  developed t o  t e s t  specimens i n  any p o s i t i o n .  B r i e f l y ,  v i b r a t i o n  
i s  induced i n t o  the  metal e lec t romagnet ica l ly  and changes i n  v i b r a t i o n a l  
c h a r a c t e r i s t i c s  caused by debonds a r e  de t ec t ed  with a  microphone. The 
through t ransmiss ion  technique i s  r e l i a b l e  f o r  composites of 1 /&inch 
aluminum and 314-inch Nopco foam. Alignment of t h e  t ransducers  and t h e  
exces s ive  time requi red  t o  t e s t  l a r g e  veh ic l e s  a r e  disadvantages of t h i s  
technique .  Some d i f f i c u l t i e s  a r e  being experienced with t h e  s i n g l e  s i d e  
approach bu t  experiments i n d i c a t e  t h a t  t h e s e  problems can be so lved .  



G .  I n v e s t i g a t i o n  of Dye Penet ran ts  f o r  Use i n  Inspec t ion  of S - I1  
S tage  Hardware 

Inves t iga t ions  have continued i n t o  the use  of l i q u i d  oxygen (LOX) 
s e n s i t i v e  dye penet ran ts  f o r  i n spec t ion  of S- I1  s t a g e  hardware. 

The aging t e s t  of PGP-26BF-6, MSFC Lot 1, B o t t l e  4 ,  i s  cont inuing .  
The r e s u l t s  of LOX impact t e s t s  i n d i c a t e  t h a t  t h i s  sample i s  LOX compatible 
a f t e r  2-112 months. Work has continued on var ious  formulat ions and modi- 
f i c a t i o n s  of PGP-26BF-6 and t e s t i n g  procedures t o  eva lua t e  more f u l l y  t h e  
v a r i a b l e s  involved.  S tudies  a r e  underway t o  determine t h e  e f f e c t  of anodic 
coa t ing  th ickness  on s e n s i t i v i t y  of s e l e c t e d  dye pene t r an t s .  Addi t iona l  
s t u d i e s  a r e  i n  progress  t o  determine t h e  e f f e c t  of t h e  d ra in ing  temperature 
on t h e  s e n s i t i v i t y  of s e l e c t e d  dye pene t r an t s .  I n  conjunct ion wi th  t h e  
dye penet ran t  work, s t u d i e s  a r e  i n  progress  t o  determine t h e  f e a s i b i l i t y  
of mounting load -ce l l s  o r  accelerometers  on t h e  t e s t e r  f o r  measuring 
t h e  magnitude of energy as  a  func t ion  of drop time and determine i t s  
r e p r o d u c i b i l i t y .  

H .  S - I1  S tage ,  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 reas  of a  ma te r i a l s  n a t u r e  r e l a t e d  t o  t h e  S - I 1  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 t h e  fol lowing:  

I n s u l a t i o n  

a .  1.6-Inch I n s u l a t i o n  

The 1.6- inch i n s u l a t i o n  on t h e  S-11-4 s t a g e  survived t h e  
cryogenic proof t e s t  as  expected. There were 25 cracks i n  t h e  forward 
bulkhead mostly eminating from previous r e p a i r  a r e a s .  This  bulkhead was 
d i s t o r t e d  (canned) as  a  r e s u l t  of welding and t h e r e f o r e  with each p re s su re  
c y c l e  we expect  i n s u l a t i o n  damage a s  t h e  d i s t o r t e d  a reas  f l e x  i n  and o u t .  
Repairs  a r e  p re sen t ly  being performed. Cracks wi th  no core  damage w i l l  b e  
r epa i r ed  wi th  a  s tandard  wet layup.  Core damage r e q u i r e s  removal and 
replacement with pour foam i n s u l a t i o n .  

There were no c racks ,  debonds, o r  co re  damage t o  t he  b a s i c  
s idewa l l  i n s u l a t i o n .  However, a s  expected,  t h e r e  were numenous cracks and 
debonds i n  t h e  rubber doublers .  The cy l inde r  2-3 c loseout  where t h e  rubber  
doublers  were replaced with a  wet layup nylon re inforced  showed no evidence 
of d e t e r i o r a t i o n  as  a  r e s u l t  of t he  cryogenic proof t e s t .  The remaining rubb 
doublers  w i l l  be  replaced p r i o r  t o  shipment t o  KSC. The S-11-5 and subsequent 
s t a g e s  w i l l  have t h e  rubber doublers  removed and the  wet layup i n s t a l l e d  
p r i o r  t o  any t e s t s  a t  MTF. 

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

Tes t s  a r e  complete on t h e  spray foam i n s u l a t e d  8- foot  diamete 
Thor tank a t  MDC, Sacramento. Climaxing t h e s e  t e s t s  was a  cryogenic pressure  
t e s t  s imu la t ing  S - I1  s t a g e  s t r a i n  l e v e l s  f o r  1 . 3  x  ground l i m i t  p r e s su re .  
There  w a s  a  t o t a l  of e i g h t  cryogenic loadings and 51 ground l i m i t  p r e s su re  
c y c l e s .  Two of t h e  cryogenic loadings were he ld  f o r  approximately 20 hours .  



The f i r s t  4 cryogenic loadings were without any s i g n i f i c a n t  
i n s u l a t i o n  d e f e c t s .  After  the 5 th  cryogenic loading ( 1 s t  20-hour hold) 
a few d i v o t s  were noted and a 5-foot  long crack.  The crack was recoated on 
t h e  ou t s ide  su r face  and no f u r t h e r  propagation occurred.  

The i n s u l a t i o n  was removed from seve ra l  a reas  and var ious  
types of r e p a i r s  designated t o  determine a s a t i s f a c t o r y  f i e l d  r e p a i r .  
The prime candidate,  pour foam, could not  be con t ro l l ed  under f i e l d  
condi t ions  and was discarded.  Spray foam r e p a i r s  were successfu l  but  very  
d i f f i c u l t  t o  e f f e c t  because of environmental c o n t r o l .  It was then decided 
t o  t r y  bonding preformed spray foam i n s u l a t i o n  t o  t h e  s idewal l .  Specimens 
were prepared under labora tory  con t ro l l ed  condi t ions ,  shipped t o  t h e  f i e l d  
and f i t t e d  t o  t h e  tank s idewal l .  Subsequently the  preformed squares were 
bonded t o  the  s idewal l  using scrim c lo th  re inforced  adhesives.  Regular 
cu re  Narmco 7343 (RN) acce lera ted  cure Narmco 7343 (ACN) and Lefkoweld 
(L-109) were employed as  adhesives. The ACN was employed t o  evalua te  a 
s h o r t  time cure adhesive f o r  emergency r e p a i r s .  

With the  above r e p a i r s  accomplished another  t e s t  was 
conducted with a 20-hour hold time. There were no problems with t h e  
preformed scrim c lo th  bonded foam (PSF) cured with e i t h e r  the  RN, ACN, 
o r  L-109. 

The next designed r e p a i r s  were t o  s imula te  a 24-hour 
t ime span between CDM: and launch. I n  t h i s  case r e p a i r s  were e f fec ted  
by PSF/ACN and PsF/~-109 wi th in  10  hours p r i o r  t o  the  cryogenic loading.  
They were accomplished a t  n igh t  with a 50°F (lO°C) s idewal l  temperature 
and a r e l a t i v e  humidity of 90 percent .  The tank was subjec ted  t o  14 p ressu re  
cyc les  without  damage t o  t h e  emergency r e p a i r s .  To ga in  f u r t h e r  confidence, 
a d d i t i o n a l  a reas  were se l ec ted  t o  r epea t  emergency r e p a i r s .  These were 
accomplished as  before  and subjected t o  the  1 . 3  x ground l i m i t  p ressure  
without  problems. 

It i s  bel ieved now t h a t  we have s a t i s f a c t o r y  emergency 
r e p a i r s  f o r  f i e l d  condi t ions  a t  MIlF o r  KSC. Since i t  i s  poss ib le  to  
encounter temperatures i n  the  f i e l d  lower than during t h i s  t e s t ,  a d d i t i o n a l  
l abora to ry  type t e s t s  w i l l  be made t o  determine a minimum temperature 
a t  which t h e  r e p a i r s  can be e f fec ted .  

I V .  S-IVB Stage 

A. Evaluat ion of S-IVB Bat tery  Mount Bolt Mater ia ls  

This  d i v i s i o n  i s  p resen t ly  reviewing a reques t  from t h e  McDonnell- 
Douglas Corporation r e l a t i v e  t o  the  use  of 4140 a l l o y  steel b o l t s  (160- 
180 k s i )  t o  r ep lace  the  present  H-11  a l l o y  s t e e l  b o l t s  (260 k s i ) .  The 
r educ t ion  i n  s t r eng th  of the  replacement b o l t s  is  an improvement; however, 
t h e  4140 a l l o y  s t e e l  is  not  recommended f o r  low temperature app l i ca t ion .  
Consequently, our  o r i g i n a l  recommendation t h a t  the  H-11  a l l o y  s t e e l  b o l t s  
be replaced with A-286 s t a i n l e s s  s t e e l  b o l t s  is  s t i l l  v a l i d .  



B .  Evaluat ion of S-IVB Cold P l a t e  I l l su la tor  Ma te r i a l s  

Recent problems with f a i l u r e  of S-IVB cold p l a t e  i n s u l a t o r s  
involved delaminat ion of t h e  s i l i c o n e  rubber v i b r a t i o n  dampener from 
t h e  s u r f a c e  of t h e  metal s t r i p s  of t h e  i s o l a t o r .  Because of t h e s e  
f a i l u r e s  t h i s  d i v i s i o n  i n i t i a t e d  a  s tudy  of bonding procedures f o r  
j o in ing  s i l i c o n e  rubber t o  aluminum. 

Eight  s e t s  of T-peel specimens were prepared t o  eva lua t e  
techniques of bonding s i l i c o n e  rubber t o  aluminum. The primer used,  
Chemlok 607, i s  t h e  same one used on t h e  product ion i s o l a t o r s .  The 
s i l i c o n e  compound is of t h e  same type of polymer and conta ins  t h e  same 
cu r ing  agent .  Half of t h e  specimens prepared were vapor degreased and 
then  coated with a  one t o  one r a t i o  of Chemlok 607-methanol mixture.  
The o t h e r  h a l f  were vapor degreased,  sandblas ted ,  and aga in  vapor 
degreased be fo re  applying t h e  Chemlok primer.  Af t e r  a  minimum of 30 
minutes dry ing  time t h e  uncured s i l i c o n e  elastomer was sandwiched 
between aluminum specimens and cured i n  t h e  fol lowing manner: 

1. Vapor Degreased Only 

a .  Cure 10  minutes a t  240°F (116°C) wi th  no pos t  cure .  
b .  Cure 20 minutes a t  240°F (116°C) wi th  no pos t  cure .  
c .  Cure 10 minutes a t  240°F (116°C) wi th  pos t  cu re .  
d .  Cure 20 minutes a t  240°F (116°C) with pos t  cu re .  

2. Vapor Degrease - Sandblas t-Vapor Degrease 

Repeat above cu re  cyc l e s .  

The pos t  cured samples were found t o  be  depolymerized and 
w i l l  no t  be  t e s t e d .  The product ion i s o l a t o r s  were prepared with vapor 
degrease  only,  and were no t  pos t  cured.  Tes t ing  of t h e s e  samples i s  
now i n  progress .  

Other primer and rubber samples a r e  on order  f o r  s tudy and 
eva lua t ion .  However, i t  appears t h a t  t h e  present  i s o l a t o r  ma te r i a l s  w i l l  
f unc t ion  s a t i s f a c t o r i l y  when the  producer ' s  q u a l i t y  c o n t r o l  i s  t i gh t ened .  
The measures taken i n  t h i s  d i r e c t i o n  by McDonnell Douglas Company have been 
reviewed and a r e  deemed adequate .  

C .  S-IVB Stage ,  P ro j ec t  Management, Ma te r i a 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 reas  of a  ma te r i a l s  n a t u r e  r e l a t e d  t o  t h e  S-IVB s t a g e .  During 
t h i s  r e p o r t  per iod ,  t hese  e f f o r t s  have included t h e  fol lowing:  

1. Etching and Dye Pene t r an t  In spec t ion  of S t r u c t u r a l  Welds 

The s t a g e  con t r ac to r  has  not  y e t  accepted our  requirement f o r  
a  12-15-minute e t ch  of c e r t a i n  s t r u c t u r a l  welds i n  p repa ra t ion  f o r  dye 
pene t r an t  i n spec t ion  of t h e  welds.  The welds i n  ques t ion  a r e  (1) t h e  
LH2 tank dome t o  LH2 tank cy l inde r  weld and $2) t h e  LOX. tank t o  LH2 tank 
cy l inde r  weld. The s t a g e  con t r ac to r  has  d e l  v e m d  specimens f o r  t e s t l n g  



by t h i s  d i v i s i o n  t o  r e so lve  t h e  problem. Prel iminary l n a l c a t i o n s  a r e ,  however, 
t h a t  t h e  d a t a  developed from these  specimens w i l l  no t  j u s t i f y  r e l a x a t i o n  
of our  requirements .  

2 .  Korotherm I n s u l a t i o n  

Work i s  being continued with the  replacement of a l l  Korotherm 
i n s u l a t i o n  a s  necessary t o  provide an  epoxy primer,  a  uniform c o a t  of 
Korotherm i n s u l a t i o n ,  and a  s i l i c o n e  s e a l e r  f o r  p r o t e c t i o n  a g a i n s t  t h e  
elements .  Thorough monitoring of i n s u l a t i o n  th ickness  over t h e  e n t i r e  
coa ted  a r e a s  of S-IVB-506 revealed t h a t  t he  Korotherm th ickness  on s i d e s  
of t h e  s t r i n g e r s  was gene ra l ly  low. Thus, acceptance c r i t e r i a  have been 
r e v i s e d  t o  r e q u i r e  measurements of Korotherm th icknesses  on t h e  s t a g e  
r a t h e r  than on con t ro l  panels  which were not  p a r t s  of t he  f l i g h t  hardware. 

Vibra t ion  Isola  t o r s  

The s t a g e  con t r ac to r  (MDC) made a  p re sen ta t ion  t o  t h i s  Center 
on t h e  problems r e c e n t l y  encountered with delaminat ion of v i b r a t i o n  i s o l a t o r s  
on s e v e r a l  S-IVB s t a g e s ,  inc luding  502, 503, and 205. Inves t iga t ions  made 
and c o r r e c t i v e  a c t i o n s  taken by MDC were presented and d iscussed  i n  
cons ide rab le  d e t a i l .  MDC concluded t h a t  c e r t a i n  i s o q a t o r  debonds a r e  
accep tab le  f o r  f l i g h t ,  b u t  MSFC would not  concur on t h e  b a s i s  t h a t  s u f f i c i e n t  
r a t i o n a l e  had no t  been presented by MDC t o  f l y  wi th  unbonded i s o l a t o r s ,  
e s p e c i a l l y  on manned f l i g h t s .  MDC was requested t o  e i t h e r  r ep l ace  a l l  
unbonded i s o l a t o r s  o r  compile a  matr ix of  a l l  e x i s t i n g  d a t a  and conduct 
DEQ t e s t s  f o r  t h e  purpose of e s t a b l i s h i n g  an acceptab le  r a t i o n a l e  t o  f l y  
wi th  unbonded i s o l a t o r s .  MDC chose t h e  l a t t e r ;  thus ,  a f u r t h e r  review of 
t h e  MDC r a t i o n a l e  w i l l  be  conducted upon MDC's completion of tfie s t a t e d  
work. 

4. Cold P l a t e  Shrouds 

The cold p l a t e  shrouds on S-IVB s t a g e s  a r e  made of aluminized 
mylar.  Aluminized Kapton is  being q u a l i f i e d  a s  a  replacement f o r  t he  
aluminized mylar t o  reduce f lammabil i ty  of t h e  shroud m a t e r i a l .  The 
new m a t e r i a l  could no t  b e  made a v a i l a b l e  i n  t ime f o r  S-IVB-502; i t  w i l l ,  
however, be  used on subsequent s t a g e s .  

5.  Bat te ry  Bo l t s  

A-286 b a t t e r y  b o l t s  could no t  be made a v a i l a b l e  i n  t ime f o r  
S-IVB-502; t hus ,  t h e  a l ready  i n s t a l l e d  H - 1 1  b o l t s  w i l l  remain i n  p l ace  
through f l i g h t  r ead ines s  t e s t  (FRT). Af t e r  FRT and p r i o r  t o  f l i g h t ,  
t h e  b a t t e r y  b o l t s  w i l l  be  replaced wi th  new and unused ones of t h e  same 
type  having wet z inc  chromate t o  a l l e v i a t e  t h e  p r o b a b i l i t y  of a  s t r e s s  
co r ros ion  f a i l u r e .  The bat tery b o l t s  of a l l  subsequent s t a g e s  , however, 
w i l l  b e  of t h e  A-286 a l l o y  which is  no t  s u s c e p t i b l e  t o  s t r e s s  co r ros ion  
f a i l u r e .  



During t h i s  r e p o r t i n g  per iod ,  a  number of ma te r i a l s  were eva lua ted  
f o r  f  lamrnability i n  accordance wi th  the  provis ions  of MSC-A-D-66-3A. 
The samples included va r ious  elastomers  and p l a s t i c s .  One i n t e r e s t i n g  
phenomenon was noted dur ing  t h e  t e s t i n g  of v a r i m s  samples of TFE coated 
g l a s s  c l o t h  and FEP coated g l a s s  c l o t h  from Dodge I n d u s t r i e s  f o r  
f lammabil i ty  c h a r a c t e r i s t i c s  (bottom i g n i t i o n )  i n  th icknesses  of 4 t o  1 0  
m i l s .  None of t h e  FEP coated samples i g n i t e d  i n  6.2 p s i a  oxygen whereas 
a l l  of t h e  TFE coated m a t e r i a l s  i g n i t e d  and burned. These r e s u l t s  may be  
due t o  t h e  a d d i t i o n a l  cha in  length  of t h e  FEP p l a s t i c s  o r  t h e  f a c t  t h a t  
s i n c e  FEP i s  a  t r u e  thermoplas t ic ,  melt ing may keep t h e  sample from 
i g n i t i n g .  Samples of FEP f i lms  a r e  being evaluated i n  order  t o  f u r t h e r  
s tudy  t h i s  anomaly. 

Numerous t e s t s  have been made, with support  from T e s t  Laboratory,  
t o  a s s e s s  t h e  f lammabil i ty  of t he  S-IVB i n t e r n a l  thermal i n s u l a t i o n  
coated wi th  va r ious  th icknesses  of aluminum f o i l .  These t e s t s  were 
made i n  a  l a r g e  t e s t  chamber f i l l e d  wi th  gaseous oxygen flowing over 
t h e  s u r f a c e  of t h e  i n s u l a t i o n  a t  r a t e s  designed t o  s imu la t e  t h e  gas f low 
a n t i c i p a t e d  i n  t he  Workshop. It has  been determined r e c e n t l y  by T e s t  
Laboratory t h a t  t h e  oxygen v e l o c i t y  p r o f i l e s  used i n  a l l  previous t e s t s  
were i n  e r r o r .  Th i s  was caused by an inaccuracy of t he  measuring devices  
a t  reduced p re s su res .  A co r rec t ed  p r o f i l e  has  been rece ived  i n d i c a t i n g  
t h a t  a l l  r e f e rences  t o  a  v e l o c i t y  of 175 f t /min  should be  changed t o  475 
f t l m i n .  A new f a n  has  been i n s t a l l e d  which w i l l  g ive  v e l o c i t i e s  of 
1600 t o  2000 f t l m i n  a t  t h e  c e n t e r  of a  sample. Tes t ing  i s  scheduled 
t o  determine t h e  impact of t h i s  i n c r e a s e  i n  v e l o c i t y  on t h e  f lammabil i ty  
of 3 - m i l  aluminum f o i l  covered 3-D i n s u l a t i o n .  

Tes t s  have continued in t h e  de te rmina t ion  of t he  f lammabil i ty  of 
o t h e r  miscel laneous ma te r i a l s  used,  o r  proposed f o r  u s e  i n  t h e  Workshop. 
Nine a d d i t i o n a l  polymer samples were t e s t e d  f o r  f l a s h  p o i n t ,  f lame p o i n t ,  
and a u t o i g n i t i o n  p o i n t .  

I n  add i t i on  t o  t hese  t e s t s ,  a  number of samples of 3-D polyurethane 
foam w a s  burned i n  a  known volume of oxygen i n  o rde r  t o  determine t h e  
amount of n i t rogen  d ioxide  (N02) produced. 

It i s  be l ieved  t h a t  s u f f i c i e n t  t e s t s  have been made i n  t h e  l abo ra to ry  
us ing  a  2 4 - l i t e r  combustion chamber t o  s t a t e  t h a t  approximately 12  mil l igrams 
of NO2 (gas s t a t e  only)  w i l l  be  produced f o r  each gram of combustible 3-D 
foam. Other t e s t s  of t h i s  n a t u r e  a r e  being made by R-TEST i n  a  9 9 7 - l i t e r  
chamber. Samples a r e  being taken and analyzed f o r  NO2 f o r  c o r r e l a t i o n .  

B .  Eva lua t ion  of Outpassing C h a r a c t e r i s t i c s  of Fans f o r  O r b i t a l  
Workshop 

A Motor Driven Vaneaxial Fan f o r  t h e  S-IVB O r b i t a l  Workshop 
(OWS) was placed i n  a  vacuum chamber and evacuated a t  ambient temperature.  

The outgass ing  c h a r a c t e r i s t i c s  of t h i s  motor were determined under normal 
temperature (ambient) ope ra t ion  cond i t i ons .  The t e s t  chamber i n  which the motor 
eva lua ted  was evacuated t o  9.4 x t o r r  a t  25OC over a 47-hour t e s t  pe r iod .  



To determine t h e  outgass ing  c h a r a c t e r i s t i c s  pe r iod ic  mass scans 
were made us ing  a  r e s i d u a l  gas ana lyzer .  I n i t i a l l y  mass peaks were 
de t ec t ed  t o  103 AMU. After  20 hours a t  10-7 t o r r  no peaks were p re sen t  
above 44 AMU. A t  t h e  end of t h e  47-hour t e s t  i n t e r v a l  only system back- 
ground r e s i d u a l s  were ev iden t .  

/ 

T e s t  d a t a  i n d i c a t e  t h a t  t he  f an  assembly is  acceptab le  f o r  u s e  
i n  t he  OWS a f t e r  undergoing degassing cyc le  a t  25OC f o r  48 hours .  

C .  I n v e s t i g a t i o n  of Thermal Control  Coat inrs  f o r  t he  Orb i t a l  Workshop 

Work has  continued i n  t h e  eva lua t ion  and s e l e c t i o n  of thermal 
c o n t r o l  su r f aces  f o r  va r ious  components of t h e  O r b i t a l  Workshop (OWS). 
Cat-A-Lac f l a t  b lack  p a i n t  No. 463-3-8, app l i ed  over Cat-A-Lac primer 
No. 463-6-5 and baked a t  65OC (150°F) f o r  48 hours ,  i s  recommended 
f o r  t h e  e x t e r n a l  s u r f a c e  of t h e  meteoroid s h i e l d ,  which r equ i r e s  a  s u r f a c e  
having  s o l a r  absorptance (a) and emit tance ( E )  va lues  of 20.9, and a /€  
r a t i o  of 1 . 0 .  

On t h e  s u n - l i t  s i d e  (between f i n s  I V  t o  I t o  11)  of t he  OWS, an  
e f f e c t i v e  emis s iv i ty  (Eeff) <0.052 i s  requi red  between t h e  meteoroid s h i e l d  
and t h e  S-IVB tank e x t e r i o r ,  which can be  achieved wi th  b r i g h t  aluminum 
s u r f a c e s .  It i s  recommended t h a t  t h e  meteoroid s h i e l d  be  f a b r i c a t e d  from 
aluminum a l l o y  a l c l a d  2014-T6, and t h e  e n t i r e  s h i e l d  t r e a t e d  wi th  c l e a r  
Alodine 1000 o r  I r i d i t e  14-9. This  w i l l  provide a  low c s u r f a c e  on t h e  
i n t e r i o r  su r f ace  of t h e  s h i e l d  and provide a  s u i t a b l e  s u r f a c e  f o r  applying 
t h e  p a i n t  t o  t he  s h i e l d ' s  e x t e r i o r .  

On the  dark s i d e  (between f i n s  I1 t o  111 t o  IV) of t he  OWS, an 
e f f  of 0.25 i s  r equ i r ed  between t h e  meteoroid s h i e l d  and S-IVB tank 

w a l l .  Commercially a v a i l a b l e  and s p e c i a l  blended p a i n t s  a r e  being 
eva lua ted  f o r  t h e s e  s u r f a c e s .  

Obtaining t h e  des i r ed  low emis s iv i ty  ( c  <0.1) s u r f a c e  on t h e  
S-IVB tank wal l  e x t e r i o r  w i l l  be  a  s u b s t a n t i a l  problem. One p o s s i b i l i t y  
would e n t a i l  removing any p a i n t  and/or pr imer,  p u t t i n g  a  h igh  p o l i s h  on 
t h e  s u r f a c e ,  and then  t r e a t i n g  with Alodine 1000 o r  I r i d i t e  14-9. 
A l t e r n a t i v e l y ,  i t  may be  p o s s i b l e  t o  bond a  me ta l l i zed  p l a s t i c  f i lm ,  
Kapton, a  polyimide f i l m  made by Dupont, w i l l  no t  be adverse ly  a f f e c t e d  
by t h e  temperature extremes, and gold depos i ted  on the  f i l m  should n o t  b e  
apprec iab ly  degraded by t h e  environment. To eva lua t e  t he  bonding of 
Kapton f i l m  wi th  Narmco 7343/7139 with and without  1 percent  2-6040 
added t o  t h e  adhesive mix, a  s e r i e s  of f l a t w i s e  t e n s i l e  s t r e n g t h s  
of 7650, 1460, and 870 p s i ,  r e s p e c t i v e l y ,  f o r  t h e  adhesive system wi th  
and wi thout  t he  2-6040 a d d i t i v e .  To i n s u r e  maximum performance e i t h e r  
t h e  aluminum s u r f a c e  should be primed, o r  2-6040 should be  incorpora ted  
i n t o  t h e  adhesive mix. Fur ther  t e s t i n g  w i l l  be  conducted on aluminum 
panels  coated i n  t h i s  manner. 

D .  O r b i t a l  Workshop, P r o j e c t  Management, Ma te r i a l s  

1. Thermal Cur ta in  Ma te r i a l  

a .  The s t a g e  con t r ac to r  (MDC) i s  experiencing some d i f f i c u l t y  
wi th  i t s  most promising candida te  f o r  a c u r t a i n  m a t e r i a l  (an adhes ive ly  
bonded lamina te  of aluminum f o i l / g l a s s  scrim/aluminum f o i l .  An inadequate  
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adhes ive  bond r e s u l t e d  i n  delaminat ion of t h e  t e s t  p iece ,  and pre l iminary  
process ing  techniques r e s u l t e d  i n  s t i f f e n i n g  of t h e  laminate .  New and 
improved m a t e r i a l s  r ep re sen t ing  t h r e e  v a r i e t i e s  of t h e  lamina te  a r e  be ing  
t e s t e d  with no r e s u l t s  t o  d a t e .  Thus, t h e  OWS thermal c u r t a i n  ma te r i a l  
i s  s t i l l  y e t  undefined.  

b .  Also, MDC has been requested by t h i s  d i v i s i o n  t o  cons ider  
aluminum s h e e t  a s  a  c u r t a i n  m a t e r i a l .  Other ma te r i a l s  which have been 
recommended by t h i s  d i v i s i o n  t o  MDC f o r  f u r t h e r  cons idera t ion  on t h e  bases  
of t h e i r  emis s iv i ty  and t h e i r  having passed t h e  Category A requirements 
of MSC-A-D-66-3A a r e  a s  fol lows:  

(1) Fluoroglas  385-10, co lor ,  b l ack ,  TFE with carbon 
b l a c k l g l a s s  f a b r i c ,  emis s iv i ty  = 0.84, product by Dodge I n d u s t r i e s ,  
F luoroglas  Div is ion ,  Hoosick F a l l s ,  New York 12090. 

(2) Fluoroglas  391-10, co lo r  brown, ~ ~ P / ~ l a s s  f a b r i c ,  
emis s iv i ty  = 0.88, product of Dodge I n d u s t r i e s ,  Fluoroglas  D iv i s ion ,  
Hoosick F a l l s ,  New York 12090. 

(3) Duroid 5600, emis s iv i ty  = 0.88. 

(4) Duroid 5650, emis s iv i ty  = 0.87. 

(5) Duroid 5870, emis s iv i ty  = 0.83. 

NOTE: Items ( 3 ) ,  ( 4 ) ,  and (5) above a r e  Tef lon  f i l l e d  
ceramic f i b e r  composites,  co lo r  medium t o  dark brown, products of t h e  
Rogers Corporat ion,  Rogers, Connect icut .  

2 .  Thermal Control Coat ing 

The s t a g e  con t r ac to r  (MDC) i s  qua l i fy ing  Alodine 407-47 f o r  t h e  
f i r e  r e t a r d a n t  l i n e r  of aluminum f o i l .  Coating of t h e  r e q u i s i t e  3- foot  
diameter  d i s c s  is  i n  progress  with coa t ing  of t h e  8- foot  tank scheduled 
f o r  Apr i l  12 ,  1968. 

3 .  Liquid Hydrogen Tank Pene t r a t ion  Sea l s  

The s t a g e  con t r ac to r  (MDC) has j u s t  f i n i shed  with t e s t i n g  
and eva lua t ion  of a  s i l i c o n e  rubber f o r  t h e  l i q u i d  hydrogen (LH2) tank 
p e n e t r a t i o n  s e a l s .  Although t h a t  rubber w i l l  pass t h e  app ropr i a t e  
ca tegory  of MSC-A-D-66-3A, MDC was requested t o  i n v e s t i g a t e  t h e  u s e  of 
CNR (carboxy n i t r o s o  rubber)  t o  reduce t h e  hazard caused by us ing  t h e  
flammable s i l i c o n e  rubber .  On t h e  b a s i s  of a  very  cursory  i n v e s t i g a t i o n ,  
MDC recommended t h a t  no f u r t h e r  cons ide ra t ion  be  given t o  t h e  use  of CNR 
f o r  p e n e t r a t i o n  s e a l s .  Thus, we have requested t h a t  MDC be d i r e c t e d  t o  
q u a l i t y  t h e  nonflammable CNR f o r  OWS pene t r a t ion  s e a l s  i f  a t  a l l  p o s s i b l e .  



V I I .  Mul t ip le  Docking Adapter (MDA) 

A .  I nves t iga t ion  of Thermal Control Surfaces f o r  t h e  Mul t ip le  
Docking Adapter 

A program has been i n i t i a t e d  t o  s e l e c t  thermal con t ro l  su r f aces  
f o r  t h e  meteoroid s h i e l d  and the  backside of t he  r a d i a t o r  on t h e  m u l t i p l e  
docking adpater  (MDA). The e x t e r n a l  s u r f a c e  of t h e  meteoroid s h i e l d  
r e q u i r e s  a  coa t ing  having an a /€  r a t i o  of 1 .12 .  Two black p a i n t s ,  
MIL-E-5556 and Midland S i l i c o n e  Black No. 7x933, have t h e  r e q u i s i t e  o p t i c a l  
p r o p e r t i e s ;  however, they must be h e a t  cured t o  meet t h e  thermal vacuum 
compa t ib i l i t y  requirements .  S tudies  t o  s e l e c t  t h e  optimum cur ing  cyc le s  
f o r  t h e s e  p a i n t s  a r e  underway. To achieve an 6 of < 0 .1  on the  backside 
of t h e  meteoroid s h i e l d ,  t h e  2024-T3 aluminum a l l o y  can be c leaned ,  
po l i shed ,  i f  necessary ,  and t r e a t e d  with c l e a r  Alodine 1000 o r  I r i d i t e  
14-9.  

The backside of t h e  r a d i a t o r  r equ i r e s  a  s u r f a c e  having an E of 
< 0.1 .  The ma te r i a l  f o r  t he  r a d i a t o r  has n o t  been determined; i f  it i s  - 
s t a i n l e s s  s t e e l ,  t he  s u r f a c e  can be  e l ec t ropo l i shed ,  i f  it i s  aluminum, 
i t  may be t r e a t e d  with c l e a r  Alodine 1000 o r  I r i d i t e  14-9. Kapton 
vapor coated with gold ( c  -0.04) bonded t o  the  backside of t h e  r a d i a t o r  
w i th  Narmco 7343 a l s o  i s  being evaluated as  a  poss ib l e  s o l u t i o n .  

B .  I n v e s t i g a t i o n  of Ma te r i a l s  f o r  Docking Por t s  on t h e  Mul t ip l e  
Docking Adapter 

P a r t  of t he  docking p o r t  i s  made of g l a s s  f i b e r  re inforced  
epoxy lamina te .  To decrease  the  f lammabil i ty  of t h i s  m a t e r i a l ,  aluminum 
f o i l  should be bonded over t he  s u r f a c e s .  To avoid d i f f i c u l t i e s  i n  t h e  
f i n a l  clean-up ope ra t ion ,  polyurethane adhesive would be  p re fe r r ed  f o r  
t h i s  ope ra t ion  r a t h e r  than an epoxy adhesive.  To determine how success full^ 
aluminum f o i l  can be bonded t o  epoxy laminate  with polyurethane adhesive,  
a  number of t e s t s  w e  run bonding aluminum t o  t h e  epoxy laminate  u s ing  
1 percent  2-6040 with Narmco 734317139. Lapshear t e n s i l e  s t r e n g t h s  
a t  -140°F (-96OC), room temperature,  and +260°F (127OC) were 3120, 2000, 
and 490 p s i ,  r e s p e c t i v e l y ;  f l a t w i s e  t e n s i l e  s t r e n g t h s  were 6210, 1190, 
and 540 p s i ,  r e s p e c t i v e l y .  On t h e  b a s i s  of t h e s e  r e s u l t s ,  Narmco 73431 
7139 can be used t o  bond aluminum f o i l  over  an epoxy lamina te  f o r  use  over  
a  temperature range of -140°F t o  +260°F (-96OC t o  127OC). 

C .  I n v e s t i p a t i o n  of Sea l  Mater ia l s  f o r  t h e  Mul t ip le  Docking Adapter 

It has been determined t h a t  s e a l  ma te r i a l s  i n i t i a l l y  proposed f o r  
MDA use  w i l l  no t  meet f lammabil i ty  requirements .  CNR rubber ,  which would 
be p re fe r r ed  from t h e  flammability s t andpo in t ,  w i l l  no t  be s a t i s f a c t o r y  
dynamically over t h e  f u l l  temperature spectrum imposed i n i t i a l l y .  
C l a r i f i c a t i o n  of t h e s e  temperature requirements is being sought .  

D .  Evaluat ion of Micrometeoroid Shie ld ing  of t h e  Mul t ip le  Docking 
Adapter 

The f a b r i c a t i o n  of t he  t e s t  specimens f o r  t h e  Mul t ip le  Docking 
Adapter (MDA) meteoroid bumper has been s t a r t e d  i n  Manufacturing Engineerin 



Laboratory.  It i s  expected t h a t  the  specimens and t e s t  f i x t u r e  w i l l  be  
ready f o r  t e s t i n g  by Apr i l  20. I n  a d d i t i o n  t o  t e s t i n g  t h i s  s t r u c t u r e  
two o the r  t e s t s  have been discussed and planned with R-P&VE-S. One i s  
t o  t e s t  t h e  e f f ec t iveness  of t h e  MDA e l e c t r i c a l  cab le  tunnel  a g a i n s t  
meteoroids.  The o t h e r  i s  t o  t e s t  t he  p r o t e c t i v e  e f f ec t iveness  of t h e  MDA 
p r o t e c t i v e  window s h u t t e r s .  An e l e c t r i c a l  cab le  tunnel  t e s t  f i x t u r e  
which w i l l  b e  compatible with the  e x i s t i n g  range tank i s  p re sen t ly  
be ing  designed by R-P&VE-S and the  s p e c i a l  window ma te r i a l  has been 
ordered .  

IX. Apollo Telescope Mount (ATM) 

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

Inves t iga t ions  have continued i n  t he  de te rmina t ion  of p o s s i b l e  
contaminat ion of t h e  o p t i c a l  envi ronrnent of t h e  MM experiment,  both 
by d i r e c t  depos i t i on  of contaminant ma te r i a l s  on o p t i c a l  su r f aces  and 
by degrada t ion  of t h e  view a r e a  of t h e  equipment. A l l  ma te r i a l s  a r e  
t e s t e d  i n  accordance wi th  t h e  Mate r i a l s  Property C r i t e r i a  e s  tab1 ished 
i n  t h e  Mate r i a l s  Management Plan f o r  ATM contamination. To be acceptab le ,  
a  m a t e r i a l  must have a  maximum r a t e  of weight l o s s  during temperature 
cyc l ing  from 25O t o  100°C which does not  exceed 0 .2  percent/cm2/hr.  
These i n v e s t i g a t i o n s  inc lude  (1) eva lua t ion  of weight l o s s  of ma te r i a l s  
i n  vacuum, (2) eva lua t ion  of ou tgass ing  c h a r a c t e r i s t i c s  of components 
i n  vacuum, and (3) eva lua t ion  of t h e  depos i t i on  r a t e  and f i l m  th icknesses  
redepos i ted  by outgass ing  m a t e r i a l s .  

1. Phase I T e s t s  (Weight Loss) 

a .  Ma te r i a l s  T e s t s  

The outgass ing  c h a r a c t e r i s t i c s  of s i x t e e n  m a t e r i a l s  were 
eva lua ted  i n  vacuum, 10-7 t o r r ,  t o  100°C, by making continuous weight 
l o s s  de te rmina t ions  and pe r iod ic  mass scans on each m a t e r i a l .  S i g n i f i c a n t  
r e s u l t s  of t h e s e  t e s t s  a r e  summarized a s  fol lows:  

A dry  f i l m  l u b r i c a n t  (MLR-2), Inspec t ion  Tags (0.2 i nch  
x 0.06 i n c h ) ,  Dacron Mesh Fabr ic  #15,413 and So l i t hane  113 (Thiokol) were 
cha rac t e r i zed  by e x c e l l e n t  thermal s t a b i l i t y  i n  vacuum with no weight 
l o s s  being recorded.  Eccos i l  4640 wi th  and without  d i l u e n t ,  3M Company 
Black Velvet  (Cer. Sec. #68-2-29-1) and Boeing White P a i n t ,  B-1060 
(Cer. Sec. #67-6-2-3) a l s o  showed very good outgassing c h a r a c t e r i s t i c s  
wi th  only a  small  weight l o s s .  These ma te r i a l s  a r e  a l l  acceptab le  f o r  
u s e  on t h e  ATM. Panatomic X Film (4 m i l . )  showed excess ive  weight l o s s  
(0 -46 percent/cm2/hr) bu t  r e s i d u a l  gas a n a l y s i s  (RGA) ind ica t ed  only 
water  vapor was being evolved. Therefore ,  t h e  f i l m  is  considered 
accep tab le .  3 M  Company Black P a i n t ,  Tech Pen Ink (orange) ,  mixture of 
Cat-A-Lac p a i n t s  #68-2-29-3, Napco polyurethane Foam BX-250A, 3M Company 
Tape X91845, polyurethane foam CPR-368-2 and yel low inspec t ion  l a b e l s  
y i e l d e d  a  maximum r a t e  of weight l o s s  g r e a t e r  than 0 .2  percent/cm2/hr 
and t h e r e f o r e  t hese  ma te r i a l s  a r e  unacceptable  f o r  u se  on t h e  ATM. 



The polyurethane foams and the  tape  and l a b e l  with adhesive backing show6 
t h e  l a r g e s t  weight l o s s .  The change i n  t h e  foam i s  due t o  r e l e a s e  of the 
blowing agent under thermal/vacuum condit ions and t h e  excessive weight l c  
f o r  t h e  tape  and l a b e l  is  a t t r i b u t e d  t o  t h e  adhesive backing. 

b.  Component Tes t s  

A Control Moment Gyro (CMG) Spin Motor was exposed t o  a 
thermal/vacuum environment and evaluated f o r  outgassing.  The purpose of 
t h e  t e s t  was t o  determine t h e  outgassing c h a r a c t e r i s t i c s  of the  motor and 
a s c e r t a i n  i f  the  r o t o r  and s t a t o r  a s  an assembly can be made acceptable 
f o r  use  i n  t h e  ATM by a thermal/vacuum cycle .  

The Spin Motor Rotor and S t a t o r  were clamped t o  an 
aluminum h o t  p l a t e  i n  t h e  opera t ing  conf igura t ion .  This  assembly was 
placed i n  a vacuum chamber and evacuated t o  3.4 x 10-7 t o r r  a t  ambient 
temperature. The motor was heated i n t e r n a l l y  by applying cu r ren t  t o  
t h e  motor windings. The temperature was increased t o  75OC i n  2 hours 
and then t o  150°C i n  30 minutes with a maximum pressure  r i s e  t o  1.1 x 
10'6 t o r r  . The abrupt temperature r i s e  r e s u l t e d  from using a motor 
power supply with a f ixed  output .  The thermal cyc le  was repeated 
us ing  a power supply with a v a r i a b l e  output .  The motor was heated 
from ambient t o  85OC i n  8 hours with a pressure  r i s e  from 1 .2  x 10 '~  
t o  2.4 x 10-7 t o r r .  

During t h e  t e s t s  pe r iod ic  mass scans were made with 
t h e  r e s i d u a l  gas analyzer .  A t  100°C, peaks were recorded t o  113 AMU 
and during the  second thermal cycle  t o  85OC no peaks were observed 
above 59 AMU. A t  t h e  end of t h e  85OC t e s t  cycle  only sys tem background 
gases were present  and a t r a c e  of mass 59, poss ib ly  a primary amine, 
were p resen t .  

The outgassing r a t e  of t h i s  assembly is  l e s s  than 2 times 
t h e  normal system background. No high mass fragments were present  during 
t h e  second thermal cycle .  These r e s u l t s  show t h e  Spin Motor Assembly 
t o  be acceptable f o r  ATM use a f t e r  rece iv ing  a thermal/vacuum bake a t  
85OC, a t  5 x 10-6 t o r r  f o r  48 hours.  

A Desatura t ion  Resolver Rotor Assembly was mounted on a 
h o t  p l a t e ,  placed i n  a vacuum chamber and evacuated t o  9.7 x 10-7 
t o r r  a t  ambient temperature. The purpose of the  t e s t  i s  t o  determine 
t h e  outgassing c h a r a c t e r i s t i c s  of the  asembly and t o  determine i f  t h e  
assembly can be made acceptable  f o r  use  on t h e  ATM by a thermal vacuum 
bake. 

The r o t o r  was heated to  50°C i n  3 hours with a pressure  
r i s e  t o  2 .2  x 10 '~  t o r r .  The temperature was then increased t o  85OC 
i n  4 hours with a pressure  increase  to  4 x 10-7 t o r r .  The r o t o r  was 
he ld  a t  85OC f o r  3 hours and the pressure  decreased t o  2.4 x 10-7 t o r r  
dur ing  t h i s  i n t e r v a l .  



Per iodic  mass scans w r e  made dur in  t h e  tests with a 
r e s i d u a l  gas analyzer .  Mass peaks weze present  i n i f i a l l y  a t  50°C to  
57 AMU. The peaks decreased t o  28 AMU over a 17-hour period a t  50°C. 
With an inc rease  i n  temperature t o  85OC peaks again appeared t o  57 AMU 
and decreased t o  a normal system background l e v e l  with time. 

Based on the  t e s t  r e s u l t s  t h i s  r o t o r  w i l l  be  acceptable  
f o r  ATM use  a f t e r  rece iv ing  a thermal/vacuum bake a t  85OC, a t  5 x 10'6 
t o r r  f o r  48 hours.  

A TV Camera Drive ~ o t o r  was subjec ted  t o  a thermal/ 
vacuum' environment t o  determine the  outgassing cha rac te r i s  t i c s .  The 
purpose of t h e  t e s t  i s  to  determine if a thermal/vacuum bake cyc le  
can a l t e r  t h e  outgassing c h a r a c t e r i s t i c s  of t h e  motor and make it 
acceptable  f o r  ATM use  without e q e n s i v e  mater ia l  changes . 

The motor was mounted on an aluminum ho t  p l a t e ,  placed 
i n  a vacuum chamber and evacuated t o  5.2 x 10-8 t o r r  a t  ambient 
temperature and he ld  under those  condit ions f o r  22 hours.  This  motor 
was operated us ing  a pulse  c i r c u i t  t o  a c t u a t e  the armature and s imula te  
a c t u a l  opera t ing  condi t ions .  The motor was then heated t o  70°C i n  7 
hours with an i n i t i a l  increase  i n  pressure  t o  1 x 10-6 t o r r  and a gradual  
decrease  t o  8 x 10-8 t o r r  a t  t he  end of t h e  29-hour t e s t  period.  

Per iodic  mass scans were made during t h e  t e s t  with a 
RGA. I n i t i a l l y  a t  70°C mass peaks_6ere  present  t o  103 AMU. After  t h e  
motor had remained a t  70°C f o r  2 hours only background peaks t o  44 AMU 
were present .  

These t e s t  r e s u l t s  show no high mass fragments t o  be 
p resen t  a f t e r  a prolonged thermal cycle.  Therefore,  t h i s  motor 
assembly w i l l  be  acceptable  f o r  ATM use  i n  it& present  conf igura t ion  
af  t e r  rece iv ing  a thermal/vacuum bake a t  70°C, a t  5 x 1 0 ' ~  t o r r  f o r  
48 hours.  

Solar  Module #735 us ing  Epibond 101 and RTV 577 adhesives 
was evaluated f o r  outgassing t o  85OC a t  1 0 ' ~  t o r r .  This t e s t  was run 
t o  determine i f  t h e  module us ing  these  adhesives can be  used i n  t h e  ATM. 

A s e c t i o n  8 inches by 20 inches of the  module was mounted 
on a ho t  p l a t e  and heated t o  85OC a t  1 0 ' ~  t o r r  over a 68-hour i n t e r v a l .  
The s o l a r  module was ac t iva ted  by l i g h t  from a nude ion  gauge and produced 
an average output  of 2.5 VDC a t  0.6 ma i n t o  a 2K ohm load.  

Mass scans were made t o  85OC wi th  peaks t o  283 AMU. 
After  20 hours a t  85OC and 10-8 t o r r  only peaks a t  74 and 149 AMU were 
p resen t  o the r  than t h e  normal background re s idua l s .  These two higher  
masses a r e  present  only i n  a very small quan t i ty .  

The So la r  Module #735 using Epibond 101 and RTV 577 
adhesives i s  acceptable f o r  ATM use  when given a thermal/vacuum bake 
a t  85OC, a t  10-6 t o r r  f o r  72 hours.  



2. Phase I1 T e s t s  (Redeposition) 

The purpose of t h e s e  s t u d i e s  is  t o  determine the  depos i t i on  
r a t e  and th ickness  of f i lms  redepos i ted  by outgass ing  components under 
p re sc r ibed  condi t ions  of temperature,  p re s su re ,  and time. Rate  of deposi-  
t i o n  and thickness  w i l l  be  monitored. 

As previous ly  r epo r t ed ,  a r edepos i t i on  t e s t  of RTV-118 y i e lded  
a 680 H z  change i n  frequency. The f i l m  th ickness  was measured wi th  t h e  
angstrometer  and found t o  be  200 angstroms. \ 

S i l a s t i c  140 and Cohr l a s t i c  R-10470 s i l i c o n  sponge were 
t e s t e d  a t  100°C and 150°C a t  a p re s su re  of l o m 7  t o r r .  I n  hea t ing  *to 100°C, 
a 500 Hz frequency change was de t ec t ed  f o r  S i l a s t i c  140. An a d d i t i o n a l  
change of 565 H z  was noted when t h i s  sample was subsequent ly hea ted  t o  
150°C. Measurement on t h e  angstrometer revea led  a f i l m  th ickness  of 400 
t o  500 angstroms. When Cohr l a s t i c  R-10470 was hea ted  from ambient t o  
150°C, a t o t a l  frequency charge of 400 H z  r e s u l t e d .  No f i l m  was d e t e c t a b l e  
wi th  the  angstrometer .  

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

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

Another 100-hour t e s t  was completed on t h e  7 f t - l b  h igh  temperature 
In land  Motors. This  t e s t  was made i n  a n i t r o g e n  atmosphere t o  eva lua t e  
t h e  Boeing 046-45 brush ma te r i a l  a s  compacted by t h e  Carborundum Company. 
Th i s  brush appeared t o  be  more ab ra s ive  than those  furn ished  by The 
Boeing Company. Th i s  i s  a t t r i b u t e d  t o  t he  f a c t  t h a t  t he  Carborundum 
compaction absorbed g r a p h i t e  from t h e  d i e ,  thereby ,  r e s u l t i n g  i n  ha rde r  
brushes .  

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

S tudies  a r e  i n  process  t o  provide l u b r i c a n t s  f o r  t h e  Apollo 
Telescope Mount system which w i l l  n o t  break down o r  outgas s i g n i f i c a n t l y  
i n  t h e  environment of space.  

The s ix ty-day  t e s t  of t h e  Bendix torque  d r i v e  t e s t  system 
referenced  i n  t h e  previous r e p o r t  was terminated a f t e r  29 days of 
t e s t i n g .  One tachometer brush was r i d i n g  on top  of t h e  armature.  
Unshielded bear ings  loca t ed  below t h e  gear  passes  were clogged wi th  
gear  l u b r i c a n t .  Upon disassembly, t h e  gears  showed cons iderable  wear. 
Th i s  was caused by e i t h e r  jammed bear ings  o r  inaccurac ies  i n  t h e  
assembling of t h e  gea r s .  The Boeing 046-45 brushes employed i n  t h e  
d r i v e  motors of t h e  system were i n  very  good cond i t i on  a f t e r  t h e  29-day 
t e s t .  The Bendix d r i v e  system i s  being modified t o  inc lude  sh ie lded  
bea r ings .  Tes t ing  w i l l  resume a t  t h e  completion of t h e s e  mod i f i ca t ions .  



Previously,  t h e  f i r s t  t e s t  of t h e  1-1/2 inch bore,  Garlock- 
Nadella Du bushing bearing furnished by Perkin-Elmer was repor ted .  
During t h i s  r epor t ing  period four  add i t iona l  t e s t s  on the  same s i z e  
bear ing  were completed. To d a t e  a l l  t e s t s  have been run a t  65 rpm 
i n  vacuum. Three of t h e  bearings were t e s t e d  a t  a 30-pound load;  the  
i n i t i a l  temperatures being s e t  a t  165OF (74OC) f o r  two bearings and a t  
ambient temperature f o r  t h e  t h i r d  bearing.  The remaining two bearings 
were t e s t e d  a t  150 pounds load an ambient temperature. The t e s t  
r e s u l t s  f o r  these  bearings w i l l  be reported a t  t he  completion of t h e  
t e s t  s e r i e s .  

D .  I nves t iga t ion  of Thermal Contro 1 Coatings f o r  ATM 

E f f o r t s  have continued t o  evalua te  var ious  commercial pa in t s  
a s  thermal con t ro l  coat ings f o r  app l i ca t ion  on Apollo Telescope Mount 
(ATM) components. The 3M Company's Black Velvet Coating No. 401-C10 
has been se l ec ted  a s  an a l t e r n a t e  thermal con t ro l  coat ing  f o r  the  Cat- 
A-Lac F l a t  Black Pain t  No. 463-3-8. The 401-C10 coat ing  has s o l a r  
absorptance ( a )  and t o t a l  normal emittance ( E )  values  g rea te r  than 
0.9 and an a/€ value  of approximately 1 . 0 .  The 401-C10 coat ing  i s  
appl ied  over Dupont Preparakote Primer-Surfacer No. 65-3011 and cured 
by a i r  drying a t  room temperature f o r  two hours followed by baking a t  
65°C (150°F) f o r  1 hour and 121°C (250°F) f o r  2 hours.  Baking a t  
e levated  temperatures i s  necessary t o  meet t h e  thermal vacuum compati- 
b i l i t y  requirements f o r  ATM components. 

Mater ia l  and app l i ca t ion  s p e c i f i c a t i o n s  have been issued t o  
cover Finch Pain t  and Chemical Company No .463-1-500 f l a t  white  p a i n t ,  
which has been approved f o r  s t e n c i l i n g  l a b e l s  on ATM components pre- 
v ious ly  coated with Cat-A-Lac No. 463-3-8 f l a t  black p a i n t .  The ma te r i a l  
s p e c i f i c a t i o n  i s  MSFC No. 10M01833, e n t i t l e d  "Paint,  F l a t  White, 
S t e n c i l i n g ,  Spec i f i ca t ion  f o r ,  " dated March 18 ,  1968. The app l i ca t ion  
s p e c i f i c a t i o n  i s  MSFC No. 10M01834, e n t i t l e d  "Application of S t e n c i l i n g  
P a i n t ,  Spec i f i ca t ion  f o r , "  dated March 18 ,  1968. Mater ia ls  and appl ica-  
t i o n  s p e c i f i c a t i o n s  have been w r i t t e n  covering S-13G thermal con t ro l  
p a i n t ,  and the  s p e c i f i c a t i o n s  submitted t o  the  p a i n t  manufacturer 
( I n  Research I n s t i t u t e )  f o r  review and comments. 

E .  Development and Evaluat ion of Vibra t ion  Dampening Mater ia ls  
f o r  ATM 

During t h i s  r epor t  period 2 s i l i c o n e  sponge was developed in-house 
f o r  l i n i n g  t e s t  models of ATM TV camera and camera con t ro l  systems. I n  
add i t ion  t o  the  sponge development, s eve ra l  of our s i l i c o n e  r ec ipes  which 
have passed t h e  ATM requirements on outgassing contamination f o r  th ickness  
up t o  1/8-inch were molded i n  112-inch thicknesses t o  determine i f  grea ter  
th ickness  i s  a f a c t o r  i n  t h e  outgassing c h a r a c t e r i s t i c  of s i l i c o n e  
elastomers . 

F. Inves t iga t ion  of Mater ia ls  f o r  t h e  ATM Environmental Control System 

Studies  a r e  underway t o  determine t h e  most e f f e c t i v e  corros ion  
i n h i b i t o r  f o r  80 percent  methanol/20 percent  water coolant  f l u i d .  
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Coupled specimens of 316 ~ ~ ~ ~ / 2 0 2 4 - ~ 6  aluminum (both lapped and unlapped 
j o i n t s )  a r e  being exposed. I n h i b i t o r s  being s tudied  a r e  0.1 percent  
sodium benzbate and 250 ppm sodium dichromate. These specimens have 
been exposed f o r  4.5 months. Round t e n s i l e  specimens of Ti-6A1-4V i n  
t h e  STA condi t ion ,  s t r e s s e d  t o  75 percent  (94 k s i )  of t h e  y i e l d  s t r eng th  
have been exposed i n  80120 methanollwater i n h i b i t e d  with 0.1 percent  sodium 
benzoate f o r  t h r e e  months without f a i l u r e .  

G .  Evaluation of A T M / R ~ C ~  S t r u c t u r a l  Fasteners  

The l i s t  of f a s t ene r s  spec i f i ed  i n  the  present  design of the  ATM 
Rack, t h e  Gimbal System, and the  i n t e r i o r  of t h e  Experimental Package 
has  been reviewed. Most of the  f a s t ene r s  a r e  f ab r i ca ted  from a l l o y  s t e e l  
and p la ted  with cadmium. The procurement s p e c i f i c a t i o n  f o r  these  f a s t e n e r s  
a l low t h e  use  of seve ra l  d i f f e r e n t  a l l o y s  such a s  4140, 4130, 8740, 8630, 
8735, 4037, 6150, and 4340. It was recommended t h a t  a l l  f a s t ene r s  used in 
t h e  ATM system be replaced with f a s t ene r s  made from A-286 corrosion 
r e s i s t a n t  s t e e l .  The replacement should reduce t h e  problem associa ted  
with outgassing,  p l a t i n g ,  environmental temperature problems, and compati- 
b i l i t y .  Cadmium-plated ma te r i a l s  and components lub r i ca ted  wi th  alcohol  
and l a u r i c  ac id  a r e  not  approved f o r  use  on ATM hardware and subsystems 
because of outgassing and evaporat ion problems. 

X . Nuclear Vehicle  Technology 

In-house and cont rac tua l  s t u d i e s  a r e  being pursued t o  develop t h e  
ma te r i a l s  technology required t o  support a p o t e n t i a l  nuclear  propel led 
v e h i c l e  program. S p e c i f i c a l l y ,  t h e  a reas  of cryogenic i n s u l a t i o n ,  va lve  
s e a l s ,  t ransducer  ma te r i a l s ,  gimbal and bearing l u b r i c a n t s ,  and induced 
neutron a c t i v a t i o n  a r e  being inves t iga ted .  

A .  Inves t iga t ion  of Propel lant  Heating 

Modification 2 t o  con t rac t  NAS8-18024 with the  General Dynamics 
Corporaticn GD/FW provides f o r  t h e  design of an experiment t o  provide 
v a l i d  experimental d a t a  on t h e  nuclear  and thermodynamic e f f e c t s  of 
nuclear  energy depos i t ion  i n  l i q u i d  hydrogen. Thesedata  a r e r e q u i r e d  f o r  
t h e  ana lys i s  of t h e  c r e d i b i l i t y  of r e s u l t s  predicted by e x i s t i n g  
a n a l y t i c a l  techniques. 

Comments on t h e  d r a f t  r e p o r t  covering t h e  design of t h i s  
experiment have been received from t h e  Space Nuclear Propulsion 
Of f i ce  (SNPO) and a r e  p resen t ly  being evaluated.  The proposal from 
the  General Dynamics Corporation, For t  Worth Divis ion  f o r  t h e  exper i -  
mental phase of the  propel lant  hea t ing  program was received and evaluated.  
It is expected t h a t  t h e  con t rac t  w i l l  be  negot ia ted  by Apr i l  15,  1968. 

B .  RIFT Tank Tes t s  

Current ly ,  t e s t s  a r e  scheduled t o  be made under c o n t r a c t  
NAS8-18024 with GD/FW t o  evalua te  var ious  types of t ransducer ,  s e a l ,  and 
i n s u l a t i o n  ma te r i a l s  i n  a r a d i a t i o n ,  l i q u i d  hydrogen, and acous t i c  
environment. The tests w i l l  be made us ing  t h e  108-inch diameter l i q u i d  
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hydrogen RLFT tank i n s u l a t e d  wi th  the  t e s t  i n s u l a t i o n .  Valves and 
t ransducers  conta in ing  t h e  t e s t  ma te r i a l s  w i l l  be i n s t a l l e d  on t h e  tank 
f o r  t e s t i n g .  

The weld which cracked dur ing  the  f i r s t  h y d r o s t a t i c  t e s t  has  
been r epa i r ed  and the  tank c u r r e n t l y  is  undergoing a  second h y d r o s t a t i c  
t e s t .  I f  no f u r t h e r  problems a r e  encountered, t h e  tank w i l l  b e  i n s u l a t e d  
with CPR 385-2 spray  foam the  l a t t e r  p a r t  of Apr i l  1968. 

C . Act iva t ion  Analysis 

The computation of neut ron  a c t i v a t i o n  of proposed Nuclear Rocket 
Vehic le  m a t e r i a l s  i s  necessary f o r  t h e  es tab l i shment  of s t a g e  ope ra t ion  
c r i t e r i a .  Because of t h e  complicated ma te r i a l s  and d i f f i c u l t  geometries 
comprising t y p i c a l  s t a g e  hardware, s o p h i s t i c a t e d  computer programs must 
be  used t o  c a l c u l a t e  a n t i c i p a t e d  a c t i v a t i o n  l e v e l s .  One of t h e s e  programs 
i s  t h e  Neutron Ac t iva t ion  P red ic t ion  Code (NAP) developed f o r  t h i s  Center  
by IIT Research I n s t i t u t e  under c o n t r a c t  NAS8-11160. Curren t ly ,  e f f o r t s  
a r e  d i r e c t e d  toward t h e  implementation of t h e  NAP computer program a t  t h i s  
Center .  

The program i s  being modified t o  al low t h e  output  d a t a  t o  be 
generated i n  a  form compatible with t h e  d i g i t a l  p l o t t e r  i n  t h e  Computation 
Labora tory .  The output  d a t a  w i l l  then  be a v a i l a b l e  i n  both d i g i t a l  and 
g raph ic  forms; t h e  l a t t e r  e l imina t ing  t h e  ted ious  and time-consuming 
hand-p lo t t i ng  of t h e  d a t a  t h a t  i s  p re sen t ly  r equ i r ed .  

ADVANCED RESEARCH AND TECHNOLOGV 

I. Contrac t Research 

Support ing research  a c t i v i t i e s  have continued i n  t h e  a r eas  of  
technology and wi th  t h e  c o n t r a c t o r s  a s  s p e c i f i e d  a s  fo l 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, and 

NAS8-20406 

C . Developmental Welding 

The Boeing Company, NAS8-20156 

D .  Thermal Control  Coatings 

The Boeing Company, NAS8-21195 
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E. Physical and Mechanical Metallurgy 

Battelle Memorial Institute, NAS8-20029 

F . Composite Material Development and Testing 

1. Solar, Division of International Harvester, Inc., NAS8-21215 
2. Mitron, Research and Development Corporation, NAS8-20609 
3. McDonnell Douglas Corporation, NAS8-21083 
4. ' Babcock and Wilcox Company, NAS8-21186 

G. Lubricants and Lubricity 

1. Midwest Research Institute, NAS8-21165 
2. The Boeing Company, NAS8-21121 

H. Corrosion in Aluminum and Steel 

1. Aluminum Company of America, NAS8-20396 
2. National Bureau of Standards, GO-H2151A 
3. Northrop Corporation, NAS8-20333 
4. Tyco Laboratories, NAS8-20297 
5. Kaiser Aluminum and Chemical Company, NAS8-20285 
6. North American Aviation, Inc., NAS8-20471 
7. Hercules, Inc., NAS8-21207 

I. Explosion Hazards and Sensitivity of Fuels 

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 

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

The major objective of the current effort in this area is the 
development of effective crosslinking systems for the polyaryloxysilanes, 
polysi lphenylenesi loxanes,  and polymers of related structure. 

A considerable level of effort is being expended to convert the 
aryloxysilane polymers into processible, curable adhesive formulations hav 
high temperature application. A structural variation of this polymer prep 
from p'p-biphenol, bis(methylamino)diphenylsilane, and bis(dimethy1amino)- 
methylvinylsilane in a molar ratio of 1.0:0.5:0.5, respectively, has been 



s t u d i e d  i n  cons iderable  d e t a i l  a s  an adhesive formulat ion.  While t h i s  
polymer, when cured with approximately 10 percent  by weight of 1 ,4 -b i s -  
(dimethylsi lyl)benzene,  produced room temperature lapshear  bond s t r e n g t h s  
a s  h igh  a s  2700 p s i ,  t h e s e  va lues  f e l l  below 100 p s i  a t  200°F (93°C). 
To eva lua t e  t h e  need f o r  h ighe r  c r o s s l i n k  d e n s i t y  i n  t h e  adhesive bond, 
t h e  fo l lowing  polymer was prepared: 

This  polymer was formulated a s  a  to luene  s o l u t i o n  with 10  drops of t h e  
s i l i c o n  hydr ide  and 20 drops of t h e  s tandard  c h l o r o p l a t i n i c  ac id  c a t a l y s t  
s o l u t i o n .  Af te r  cur ing  f o r  1 hour a t  175OC (347OF) and 200 p s i  t h e  specimens 
had lapshear  s t r e n g t h s  of 2300 p s i  a t  room temperature.  More important ly,  
t h i s  polymer r e t a ined  some adhesion a t  e leva ted  temperature t o  t h e  fo l lowing  
e x t e n t :  714 p s i  a t  200°F (93°C); 344 p s i  a t  300°F (149°C); 306 p s i  a t  
500°F (260°C). This  r e s u l t  i n d i c a t e s  t h e  requirement f o r  h igher  c r o s s l i n k  
d e n s i t y .  The polymers conta in ing  lower propor t ions  of v i n y l  groups may 
have melt  y ie lded  a t  e leva ted  temperatures ,  which would expla in  t h e  
l a c k  of adhesion a t  t hese  temperatures .  It is  p o s s i b l e  t h a t  t he  v i n y l  
concen t r a t ion  of t h i s  polymer exceeds t h a t  requi red  f o r  e f f e c t i v e  c ros s -  
l i n k i n g .  Th i s  parameter w i l l  b e  s tud ied  i n  more d e t a i l .  It was observed 
a l s o  t h a t  f o r  both a ry loxys i l ane  systems d iscussed  above, a i r  d ry ing  of 
t h e  formulat ion on t h e  bond l i n e  p r i o r  t o  coupling t h e  p l a t e s  r e s u l t e d  
i n  improved room temperature adhesive bond s t r e n g t h ,  by a s  much a s  700 
p s i  i n  some cases .  

Concurrent s t u d i e s  of a n  a l ly l -modi f ied  a ry loxys i l ane ,  descr ibed  
i n  numerous previous r e p o r t s ,  have been c a r r i e d  out u s ing  t h e  s i l i c o n  
hydr ide  c ros s l ink ing  procedure. This  polymer t h e o r e t i c a l l y  con ta ins  a s  
h igh  a  propor t ion  of double bonds (as a l l y l  groups) a s  t h e  v iny l -  
modified s t r u c t u r e  depic ted  above which r e s u l t e d  i n  improved r e t e n t i o n  
of  adhesion a t  h igh  temperatures .  However, t h e  a l l y l  polymer v a r i a n t  
had l i t t l e  o r  no adhesion a t  e l eva t ed  temperatures .  There i s  some 
evidence t h a t  t he  a l l y l  polymer i s  overcross l inked ,  o r  t h a t  a d d i t i o n a l  
thermal c ros s l ink ing  occurs  through a l l y l  groups not  consumed by t h e  
s i l i c o n  hydr ide  c ros s l ink ing  agent .  Various modi f ica t ions  of t h i s  a l l y l  
polymer formulat ion a r e  being s tud ied ,  inc luding  reduced s i l i c o n  
hydr ide  concent ra t ion  and reduced a l l y l  group concent ra t ion .  Continuing 
eva lua t ion  s t u d i e s  have been c a r r i e d  out  on the  s i lphenylenes i loxane  
polymer, d i r e c t e d  toward implementation of t h i s  ma te r i a l  a s  a  high 
temperature i n s u l a t i o n  o r  s e a l a n t .  The polymer i l l u s t r a t e d  a s  



was cross l inked  with 60 percent  by weight of e t h y l  s i l i c a t e  and 
approximately 1 percent  by weight of d i b u t y l t i n d i a c e t a t e .  Th i s  
formulat ion was c a s t  a s  a  f i l m  from which microdutnbell t e n s i l e  
specimens were prepared.  A t  room temperature,  t h i s  polymer was 
cha rac t e r i zed  by a  t e n s i l e  s t r e n g t h  of 482 p s i  and an e longat ion  
of  1150 percent .  Af t e r  s i x  hours a t  600°F (316°C) i n  a  forced 
a i r  oven, t hese  specimens measured 107 p s i  t e n s i l e  s t r e n g t h  and 
42 percent  e longat ion .  The RTV s i l i c o n e  @ow Corning 502) which 
was being compated with t h e  s i lphenylene  polymer was s t i f f  and too 
f r a g i l e  t o  t e s t  fol lowing t h i s  thermal exposure. It has been t h e  
experience of a  p a r t i c i p a t i n g  research  con t r ac to r  (Southern Research 
I n s t i t u t e ,  under c o n t r a c t  NAS8-20190) t h a t  even g r e a t e r  r e t e n t i o n  
of t e n s i l e  and e longat ion  p r o p e r t i e s  is  p o s s i b l e  a t  600°F (316°C) 
when u t i l i z i n g  homologs of t h e  s i lphenylenes i loxane  s e r i e s  wi th  l e s s  
s i l o x a n e  cha rac t e r  than those  s tud ied  l o c a l l y .  

Addit ional  isothermal  s t a b i l i t y  s t u d i e s  were made on two 
uncured experimental polymers, 

a s  we l l  as  on RTV s i l i c o n e  base r e s i n ,  G . E .  615-A. The weight l o s s  
of t hese  ma te r i a l s  was monitored f o r  24 hours i n  a  s t a t i c  a i r  environ- 
ment a t  both 500°F (260°C) and 600°F (316°C) temperature l e v e l s .  The 
phenyl -subs t i tu ted  polymer (11) l o s t  12  percent  weight a t  600°F (316OC) 
over  t he  24-hour per iod .  However, both t h e  s t r u c t u r e  ( I )  and t h e  
commercial s i l i c o n e  l o s t  approximately 28 percent  weight under t h e s e  
c o n d i t i o n s .  Thus, while  polymer (11) has  l imi t ed  low temperature 
f l e x i b i l i t y  (Tg O0C), i t s  thermal s t a b i l i t y  is  such t h a t  i t  warran ts  
concurren t  development wi th  polymer (I) f o r  a p p l i c a t i o n s  where low 
temperature f l e x i b i l i t y  is  no t  c r i t i c a l .  Southern Research I n s t i t u t e  
has  agreed t o  f u r n i s h ,  w i th in  the  next  two months, approximately 200 
grams each of polymers (I) and (II), so  t h a t  f u r t h e r  app l i ca t ion -  
o r i e n t e d  development of t hese  ma te r i a l s  may be c a r r i e d  out  l o c a l l y .  

B.  Development of F luor ina ted  Adhesives 

React ion between chloropentafluorobenzene and potassium 
phthal imide i s  being run a s  f i r s t  s t e p  i n  a r e a c t i o n  sequence t o  
prepare  l-chloro-2,4-diisocyanato-3,5,6-tri£luorobenzene. A r e a c t i o n  
sequence t o  prepare pe r f luo rog lu t a ry l  hydrazide from p e r f l u o r o g l u t a r i c  
a c i d  has  been i n i t i a t e d .  The product w i l l  s e rve  a s  an in t e rmed ia t e  
i n  polyoxadiazole  syntheses .  



C .  Develo~ment of Sea l an t  Mater ia l s  

Current  i n v e s t i g a t i o n s  a r e  d i r e c t e d  toward t h e  u l t i m a t e  goal  of 
developing polymers possessing good adhesion,  thermal s t a b i l i t y ,  and 
r e s i s t a n c e  t o  a v i a t i o n  f u e l s  conta in ihg  up t o  17 percent  aromatics .  

I n i t i a l  s t u d i e s  included t h e  syn thes i s  of necessary in t e rmed ia t e s  
f o r  t h e  subsequent p repa ra t ion  of aromatic poly(phenyleneoxazoles):  

However, t h e  syn thes i s  of 4 , 4 '  - b i s -  -aminoacetyldiphenyl e t h e r  was never 
completed because i t s  p recu r so r ,  t h e  corresponding b i s -  -ch loroace ty l  
d e r i v a t i v e  could never be made i n  s u f f i c i e n t  p u r i t y  t o  be  u t i l i z e d  i n  
t h e  fo l lowing  conversion s t e p .  A l l  a t tempts  a t  p u r i f i c a t i o n  of t h e  
c rude  product gave ma te r i a l  with a  wide melt ing p o i n t  range,  95-130°C, 
which was deemed too impure f o r  f u r t h e r  u se .  

Therefore ,  emphasis was r ed i r ec t ed  toward the  p repa ra t ion  of t h e  
r e l a t e d  aromatic  system, poly(diphenyloxazoles) .  The s t r u c t u r e  of t h i s  
system d i f f e r s  from t h a t  shown e a r l i e r  i n  t h a t  t h e  r epea t ing  u n i t s  would 
c o n t a i n  no oxygen atoms br idging  the  phenyl groups. The o v e r - a l l  s y n t h e t i c  
sequence would be a s  fol lows:  

IV + CIOC- - - - -  - 

- - - - C W n  

A 
v 

V - I (with no oxygen b r idges )  -Hz0 



Surp r i s ing ly ,  t h e  p repa ra t ion  of I1 has apparent ly n o t  been 
r epor t ed  i n  t he  l i t e r a t u r e .  In  a  number of experiments i t  was determined 
t h a t  t h e  P e r r i e r  modi f ica t ion  of t h e  F r i ede l -Cra f t s  r e a c t i o n  gave a  near  
q u a n t i t a t i v e  y i e l d  of t h e  des i r ed  4 ,4  ' -his-w -chloroacetylbiphenyl  . 
P u r i f i c a t i o n  of t he  crude product proved t o  be  somewhat troublesome 
a l s o .  I n  a  t y p i c a l  run ,  an a g i t a t e d  methylene c h l o r i d e  s o l u t i o n  of t h e  
preformed chloroacetylchloride:aluminum c h l o r i d e  complex was t r e a t e d  
dropwise with a  s to i ch iome t r i c  quan t i t y  of b i p h e n y l - ( i n  CH2C12). 
Vigorous evolu t ion  of HC1 ensued, and the  r e s u l t i n g  da rk  colored 
s o l u t i o n  was allowed t o  s t i r  a t  room temperature f o r  3  days-. A t  t h e  end 
of t h i s  time t h e  gaseous evolu t ion  had ceased and the  r e a c t i o n  s o l u t i o n  
was worked-up i n  t h e  normal f a sh ion  t o  y i e l d  94 percent  of crude product ,  
mel t ing  range of 230-235OC. 

Sublimation of t h i s  s o l i d  (220°c/50 t o r r )  followed by r e c r y s t a l l i -  
z a t i o n  (chlorobenzene) of t h e  subl imate gave s o f t  whi te  c r y s t a l s ,  
mel t ing  range 234-236 "C . 

The prepara t ion  of 111 was attempted through t h e  t reatment  of 
I1 wi th  two equiva len ts  of hexamethylenetetramine. The gross  d i f f e r e n c e  
i n  s o l u b i l i t y  of t h e  two r e a c t a n t s  presented some problem, and i t  was 
necessary  t o  u se  a  l a r g e  volume of n,n-dimethylacetamide (DMA) t o  
d i s s o l v e  11. No immediate evidence of r e a c t i o n  was noted when t h e  two 
compounds were mixed i n  DMA. The system was then  slowly heated t o  
50°C a t  which temperature s o l i d  separa ted  from t h e  s o l u t i o n .  Af t e r  1 . 5  
hours  a t  t h i s  temperature,  t h e  a p p l i c a t i o n  of h e a t  was discont inued and 
t h e  mixture was allowed t o  s tand  overn ight .  Separa t ion  of t h e  s o l i d  by 
f i l t r a t i o n  gave a  61 percent  y i e l d  of s o l i d ,  m.p. >350°C. 

Following p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  of t h e  presumed 
di-(CH2)6Nq s a l t ,  i t s  conversion through t h e  Mannich r e a c t i o n  t o  t h e  
diamino hydrochloride s a l t  w i l l  b e  at tempted.  

D .  Development and Evaluat ion of M e t a l l i c  Composites 

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

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

Inves t iga t ions  have continued on t h e  development of magnesium 
bery l l ium wire  re inforced  composites produced by vacuum i n f i l t r a t i o n  of 
bery l l ium wire  bundles wi th  molten magnesium. Experiments a r e  i n  process  
t o  i nc rease  t h e  s t r e n g t h  of t h e  composite by h e a t  t r e a t i n g  and%ing i n  
an a t tempt  t o  i nc rease  the  mat r ix  p r o p e r t i e s  from an a s - c a s t  s t r e n g t h  of 
24,000 p s i  t o  a  s o l u t i o n  t r e a t e d  and aged cond i t i on  s t r e n g t h  of 40,000 
p s i .  Resu l t s  of t h e s e  s t u d i e s  w i l l  b e  repor ted  on completion of e v a l u a t k  
of t h e  h e a t  t r e a t e d  specimens. 

2. Explosive Bonding Techniques 

I n  development of explosive bonded composites a  b a s i c  
requirement and p r e r e q u i s i t e  i s  t h e  development of optimum explos ive  



bonding procedures .  Toward t h i s  end t h e  fol lowing explosive bonding t e s t s  
were made: 

a .  Three explos ive  bonding t e s t s  were completed u t i l i z i n g  
aluminum a l l o y  7075-T6 shee t  ma te r i a l  t o  produce a  composite laminate .  
Explosive bonding parameters i nd ica t ed  b e s t  bonding condi t ions  occurred 
when load d i s t r i b u t i o n  was 11 t o  13 g / in2 .  

b .  Three explos ive  bonding t e s t s  were completed us ing  s h e e t  
m a t e r i a l s  2014-T6 aluminum bonded t o  301 s t a i n l e s s  s t e e l .  Best r e s u l t s  
were obtained when load d i s t r i b u t i o n  was 13  g / in2 .  

c .  Experimentation i s  cont inuing t o  develop c o r r e c t  
parameters  f o r  explos ive  jo in ing  NS 355 s t a i n l e s s  s t e e l  wi re  t o  
aluminum s h e e t .  Four specimens were completed with u n s a t i s f a c t o r y  
r e s u l t s .  However, i n  some in s t ances  p a r t i a l  successes  were obta ined .  
I n  a d d i t i o n  t o  t h e  above work, t e s t s  were conducted us ing  a  medium of 
c l e a r  a c r y l i c  spray a s  a  s top-of f  i n  l i e u  of t h e  adhesive paper t a p e  
used previous ly .  I n i t i a l  r e s u l t s  i n d i c a t e  t he  a c r y l i c  i s  a  good s top -  
o f f ;  ease  of removal from t h e  p a r t  i s  a  d e f i n i t e  advantage. 

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

The long-term exposure t e s t  of 7039-T61 and -T64 aluminum a l l o y  
has  been terminated a f t e r  two years  of exposure i n  MSFC atmosphere. 
The t e s t  r e s u l t s  of both t h e  a l t e r n a t e  immersion and atmosphere w i l l  
b e  repor ted  a s  soon a s  a  complete eva lua t ion  is made. 

Inves t iga t ions  have continued i n  t he  eva lua t ion  of t h e  s t r e s s  
co r ros ion  s u s c e p t i b i l i t y  of aluminum v e h i c l e  components under semi- 
c o n t r o l l e d  cond i t i ons .  Bare and chromic ac id  anodized round t e n s i l e  
specimens of 2014-T6, 2024-T4, 7075-T6, and 7079-T651 were exposed t o  
i n s i d e  and o u t s i d e  atmospheres. F a i l u r e s  t o  d a t e  have been confined 
t o  t he  o u t s i d e  atmosphere i n  a l l  a l l o y s  wi th  t h e  most r e c e n t  being i n  
t h e  ba re  2024-T4 a f t e r  334 days of exposure. Th i s  t e s t  has  been i n  
progress  approximately 11 months. 

The i n i t i a l  phase of a  program t o  determine t h e  threshold  
s t r e s s  l e v e l  i n  t h e  s h o r t  t r ansve r se  and long t r a n s v e r s e  g ra in  d i r e c t i o n s  
of a  7001-T75 aluminum forg ing  has  been terminated a f t e r  90 days of 
exposure i n  t h e  a l t e r n a t e  immersion t e s t e r  us ing  3 .5  percent  sodium 
c h l o r i d e  s o l u t i o n .  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  i n  t h e  s h o r t  t r ansve r se  i s  below 25 k s i  (37 percent  of t h e  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 )  i n  t h e  long 
t r a n s v e r s e  d i r e c t i o n .  Specimens have been received and a  t e s t  planned 
t o  more accu ra t e ly  a s c e r t a i n  t h e  threshold  l e v e l .  T e s t s  i n  s y n t h e t i c  
s ea  water do not  agree  wi th  those obtained i n  normal 3 .5  percent  
NaCl i n  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  7001-T75 forg ing  i n  
s e a  water  was <30 k s i  i n  t h e  s h o r t  t r ansve r se  and <70 k s i  i n  t h e  long 
t r a n s v e r s e  d i r e c t i o n .  Addi t iona l  t e s t s  w i l l  b e  conducted t o  v e r i f y  
t h e  r e s u l t s  from both s o l u t i o n s  a s  soon a s  t e s t  f i x t u r e s  a r e  a v a i l a b l e .  



The study of t h e  s t r e s s  cor ros ion  s u s c e p t i b i l i t y  of Ti-6A1-4V 
i n  abso lu t e  methyl a l coho l ,  RP-1, ace tone ,  MIL-H-5606 hydrau l i c  o i l ,  
T r i ch lo roe thy lene ,  2-propanol, Freon MF, d i s t i l l e d  water ,  e t h y l  a l coho l ,  
monomethyl hydrazine,  Aerozine 50, methyl e t h y l  ketone,  methylene ch lo r ide  
and Freon TF has been terminated a f t e r  14  months of exposure. The only 
f a i l u r e s  encountered were i n  t h e  abso lu t e  methyl a l coho l .  F a i l u r e s  
were encountered with sho t  peened specimens a t  s t r e s s  loads a s  low a s  60 
percent  of t h e  y i e l d  s t r e n g t h  a f t e r  t en  months of exposure i n  a b s o l u t e  
methyl a l coho l .  

I n i t i a l  t e s t s  t o  eva lua t e  t h e  s t r e s s  cor ros ion  s u s c e p t i b i l i t y  
of Almar 362, PH15-7Mo, 17-4 PH, 17-7 PH, and PH14-8Mo ( a i r  melt 'and 
vacuum mel t )  have been terminated.  Evaluat ion of t h e  r e s u l t s  show t h a t  
t h e  s t r e s s  leveEs used were too high t o  p r e d i c t  th reshold  s t r e s s  l e v e l s  
f o r  both 17-7 PH and PH15-7Mo s h e e t  and b a r  s tock .  Addi t iona l  t e s t s  
a r e  now being run  on t h e s e  two a l l o y s  a t  lower l oads .  Af te r  50 days 
of exposure i n  t h e  a l t e r n a t e  immersion t e s t e r  f a i l u r e s  were encountered 
on 17-7 PH RH950 ma te r i a l  s t r e s s e d  a s  low as  25 percent  of y i e l d  s t r e n g t h  
(50 k s i ) .  17-7 PH THllOO ma te r i a l  f a i l u r e s  were observed a t  33 percent  
y i e l d  s t r e n g t h  (50 k s i ) .  On 15-~MD RH950 ma te r i a l  f a i l u r e s  occurred a t  
25 percent  of y i e l d  s t r e n g t h  (46 k s i ) .  

The s t r e s s  co r ros ion  s u s c e p t i b i l i t y  t e s t  of welded and aged 
(20 hours  a t  790°F (421°C)) ARDE low s i l i c o n  301 s t a i n l e s s  s t e e l  
c ryogen ica l ly  s t r e t c h e d  t o  nominal 252.6 k s i  has  been te rmina ted .  
The r e s u l t s  i n d i c a t e  t h a t  t h i s  welded s h e e t  i s  r e s i s t a n t  t o  s t r e s s  
co r ros ion  cracking.  Welded specimens s t r e s s e d  t o  75 and 90 percent  
of t h e  y i e l d  s t r e n g t h  were exposed i n  t h e  a l t e r n a t e  immersion t e s t e r  
f o r  a  per iod  of 180 days wi th  no f a i l u r e s  encountered. 

The round t e n s i l e  specimens made from 114 inch diameter music 
w i re  sp r ing  ma te r i a l  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 percen 
of i t s  y i e l d  s t r e n g t h  and exposed i n  t h e  a l t e r n a t e  immersion t e s t e r  have 
been terminated a f t e r  4-1!2 months of exposure. The o the r  specimens i n  
t h e  humidity cab ine t ,  o u t s i d e  atmosphere, and semicont ro l led  atmosphere 
a r e  cont inuing .  There have been no f a i l u r e s  i n  any of t h e  environments 
a f t e r  134 days of exposure. 

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

S t r e s s  cor ros ion  cracking of high s t r eng th  a l l o y s  is  a  major 
problem i n  the  aerospace indus t ry  and wi th  s e v e r a l  Sa turn  components i n  
p a r t i c u l a r .  A cu r ren t  in-house program involves t h e  nondes t ruc t ive  
measurement of changes i n  m a t e r i a l s  p r o p e r t i e s  caused by s t r e s s  co r ros ion  

Since i n t e r n a l  f r i c t i o n  measurements a r e  imprac t i ca l  f o r  f i e l d  
type  measurements,no round specimens w i l l  be  used i n  f u t u r e  i n v e s t i g a t i o n  
A h igh ly  pol ished f l a t  t e n s i l e  specimen w i l l  b e  t h e  only type  used.  
U l t r a s o n i c ,  conduc t iv i ty ,  o p t i c a l ,  e l e c t r o n  microscopic and mechanical 
eva lua t ions  w i l l  be made of t hese  specimens a t  app ropr i a t e  s t ages  of t h e  
cor roding  process .  The o b j e c t i v e s  a r e  t o  r e l a t e  u l t r a s o n i c  a t t e n u a t i o n  
and e l e c t r i c a l  conduct iv i ty  changes induced by s t r e s s  co r ros ion  t o  mechan 
p r o p e r t i e s  and t o  s t r e s s  co r ros ion  mechanisms. 
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G .  Evaluaticn of Ul t rasonic  S t r e s s  Measurement Methods 

Ul t r a son ic  s t r e s s  measurement equipment being developed under 
c o n t r a c t  NAS8-20208 i s  t o  be evaluated a s  t o  i t s  u se  f o r  measurement of 
r e s i d u a l  s t r e s s  i n  manufactured s t r u c t u r e s  of t he  Sa turn  v e h i c l e .  The 
e f f e c t  of m a t e r i a l  v a r i a t i o n s  and processes  on measurement accuracy w i l l  
be  determined. 

The u l t r a s o n i c  s t r e s s  measurement equipment was de l ive red  by 
t h e  c o n t r a c t o r  and t r a i n i n g  and f a m i l i a r i z a t i o n  wi th  t h e  ope ra t ion  of 
t h e  equipmenthave been completed. The r e p e a t a b i l i t y  of measurements 
us ing  the  su r f ace  s t r e s s  equipment has  been determined and t h e  shear  
wave appara tus  i s  being checked ou t .  

E f f o r t s  a r e  underway t o  c o r r e l a t e  t h e  s t r e s s  d a t a  obtained 
us ing  the  u l t r a s o n i c  s u r f a c e  wave equipment with d a t a  obtained from load  
c e l l  and s t r a i n  gauge ins t rumenta t ion .  

H.  Development and Evalua t 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 

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

Severa l  brush composites have been t e s t e d  dur ing  t h i s  r e p o r t  
pe r iod ;  t h e s e  brushes were based on composites of niobium d i s e l e n i d e  
(NbSez), molybdenum d i s u l f i d e  (MoS2) and tantalum d i s e l e n i d e  (TaS2). 
Data from these  t e s t s  a r e  shown i n  t h e  fo l lowing  t a b u l a t i o n :  

Brush Wear T e s t  Resu l t s  

Brush Mate r i a l  
inches of wear 

Average Wear Rate  (m inches of travel 1 

These brushes were run f o r  42 hours a t  600 rpm, then run f o r  8  hours  
w i t h  cu r r en t  a t  110 rpm. Some modif ica t ions  of t h e  test device  have t o  
be  made because t h e r e  i s  s u b s t a n t i a l  v i b r a t i o n  i n  t h e  system. The brushes 
t o  be  t e s t e d  dur ing  t h e  next  r epo r t ing  period w i l l  be  t h e  Boeing 046-45 
brushes  and v i b r a t i o n s  of t h e s e  brushes.  The t e s t i n g  of t h e s e  type  brushes 
have p r i o r i t y  s i n c e  they a r e  be ing  used c u r r e n t l y  i n  torque motors 
recommended f o r  u s e  on t h e  ATM. 

Cer t a in  experimental compositions based on t h e  MoS2 r e a c t i v e  h o t  
p re s s ing  process  developed by Boeing were remade t o  provide a d d i t i o n a l  
m a t e r i a l  f o r  brush eva lua t ion  and o t h e r  t e s t s .  Reproducib i l i ty  of t h e  
m a t e r i a l  and process  appears t o  b e  e x c e l l e n t ,  judged from t h e  h o t  pressed 
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d e n s i t y  of the  repeated csxpos i t ions .  This  i n d i c a t e s  t h a t  the  reac t ions  
occurr ing  during h o t  press ing  a r e  proceeding t o  completion. 

A l imi ted  inves t iga t ion  of a  s i m i l a r  r e a c t i v e  hot  press ing  procesz 
f o r  tungs ten  d i s u l f i d e  (WS2) based brush ma te r i a l s  has been i n i t i a t e d .  
Prel iminary r e s u l t s  ind ica te  t h a t  the  exact  co ro l l a ry  compositions a r e  
no t  r e a c t i v e  under t h e  same processing condit ions but t h a t  a  r e a c t i v e  
process i s  poss ib le  using a s u b s t i t u t e  r e a c t i v e  metal .  The WS2 composi- 
t i o n s  produced a r e  not  a s  hard a s  the  MoS2 compositions, but  a  method 
of improving the  hardness may be ava i l ab le .  WSZ i s  an a t t r a c t i v e  
ma te r i a l  because of i t s  good l u b r i c i t y  and because i t  has g r e a t e r  thermal 
s t a b i l i t y  than MoS2. 

I. Development of Low Density Ceramic Foams 

E f f o r t s  have continued t o  develop low dens i ty  ceramic foams by 
expanding sodium s i l i c a t e s  containing add i t ions  of  R e f r a s i l  f i b e r s  t o  
r e i n f o r c e  the  foam s t r u c t u r e .  Studies have continued t o  improve the  
water  r e s i s t a n c e  of t h e  foams. The standard sodium s i l i c a t e - R e f r a s i l  
f i b e r  form containing b o r i c  ac id  was h e a t  cured a t  temperatures up t o  
315°C (600°F) i n  an at tempt t o  improve i t s  water r e s i s t a n c e .  Heat cur ing  
has  no apprec iable  e f f e c t  on the  water r e s i s t a n c e  of the  foam. 

The thermal conductivi ty (K) was measured on one of t h e  most 
promising foams developed t o  d a t e .  A t  47°C (116"F), t he  foam had a 
K value  of 0.37 ~ t u - i n / f t 2 / h r / " ~ ,  which was h i  h e r  than a n t i c i p a t e d .  5 However, t h e  foam had a dens i ty  of 10.3 l b s / f t  . A microwave hea t ing  
u n i t  i s  being s e t  up t o  be used a s  t h e  hea t  source f o r  producing t h e  
foams. It i s  bel ieved t h a t  t h i s  u n i t  w i l l  produce lower dens i ty  foams 
having more uniform s t r u c t u r e s  and lower K values than foams produced 
by more conventional hea t ing  methods. 

J . Developmental Welding 

A c t i v i t i e s  have continued on the  evalua t ion  of t h e  we ldab i l i ty  
of aluminum a l loys  X2021 and X7007. The welding opera t ions  have been 
completed f o r  a l l  th icknesses .  The smooth and the bead removed specimen: 
t h a t  were welded i n  f l a t ,  h o r i z o n t a l ,  and v e r t i c a l  pos i t ions  have been 
mechanically t e s t e d  a t  ambient temperature, -100°F (-73"C), -200°F (-129' 
-320°F (-196"C), and -423°F (-253°C). The vee-notched specimens a r e  beil  
shadowgraphed t o  e s t a b l i s h  the  r ad ius  of the  vee-notch angle .  The repai i  
weldments f o r  t h e  X2021 and X7007 a l loys  have been inspected radiographic 
and graded per  MSFC-SPEC-259A. Tens i l e  specimens from these  weldments 
a r e  being fab r i ca ted .  Repair weldments f o r  112 inch th i ck  a l l y  X7007 
were unacceptable a f t e r  four  repeated r e p a i r s  (100 percent  pene t ra t ion  
each r e p a i r )  because of excessive outgassing of the  weld metal .  Vapors 
were entrapped i n  t h e  weld and r e s u l t e d  i n  heavy poros i ty  a s  we l l  a s  
excess ive  lack  of fus ion .  The entrapment of t h e  gases i n d i c a t e s  t h a t  
t h e  weld j o i n t  design (3/8 inch deep, 60°F vee groove) used f o r  r e p a i r  
is  unsu i t ab le  a f t e r  t h r e e  repeated weld r e p a i r s  along t h e  same area .  



Welding opera t ions  have continued i n  t h e  s tudy of t h e  w e l d a b i l i t y  
of aluminum a l l o y  7039. F l a t  p o s i t i o n  weldments have been completed on 
118, 114, and 112 inch t h i c k  7039 f o r  two a l l o y  tempers, T61 and T64, by 
us ing  two f i l l e r  meta ls ,  types 5039 and 5183. These weldments have been 
inspec ted  r ad iog raph ica l ly  per mFC-SPEC-259A. Since aluminum a l l o y  7039 
i s  a n a t u r a l  ag ing  a l l o y ,  t h e  weldments a r e  c u r r e n t l y  undergoing a 16- 
week n a t u r a l  aging period p r i o r  t o  t e n s i l e  t e s t i n g .  Natural  aging curves 
of t h e  weld zone w i l l  b e  e s t ab l i shed  f o r  t h e  va r ious  combinations of 
t h i ckness ,  temper, f i l l e r  meta l ,  and weld p o s i t i o n .  Since a square  
b u t t  j o i n t  des ign  f o r  112 inch  t h i c k  m a t e r i a l  approaches t h e  maximum 
p e n e t r a t i o n  p o s s i b l e  with e x i s t i n g  equipment, t h e  one inch t h i  ck m a t e r i a l  
w i l l  be  welded us ing  s e v e r a l  j o i n t  des igns .  A t  p r e sen t ,  s i x  j o i n t  des igns  
a r e  being considered f o r  e s t a b l i s h i n g  optimum weld procedures i n  one inch  
t h i c k  m a t e r i a l .  A s i m i l a r  procedure w i l l  be followed f o r  two inch t h i c k  
m a t e r i a l ;  however, a l i m i t e d  supply of t h i s  ma te r i a l  n e c e s s i t a t e s  t h e  u s e  
of only two j o i n t  des igns .  

K .  Development and Evaluat ion of Thermal Control  Coatings 

During t h i s  r epo r t ing  period prel iminary t e s t i n g  has been 
completed i n  t h e  de te rmina t ion  of types of t h i x o t r o p i c  inorganic  
suspensions of t h e  genera l  formula XMgLiSi4010F2. Specimens of 
coa t ings  of t hese  ma te r i a l s  des igna ted  HXA and HXW were exposed t o  
u l t r a v i o l e t  r a d i a t i o n  wi th  two commercial coa t ings  and s e v e r a l  o t h e r  
experimental  coa t ings .  The HXA des igna t ion  i n d i c a t e s  pigmentation 
wi th  antimony t r i o x i d e  (Sb203) and HXW i n d i c a t e s  pigmentat ion with 
uns in t e red  undoped z i n c  oxide (ZnO). Specimens of t h e s e  m a t e r i a l s  
were i r r a d i a t e d  f o r  1000 equiva len t  sun hours (ESH) wi th  a mercury- 
xenon s h o r t  a r c  lamp. Post  exposure eva lua t ion  ind ica t ed  t h a t  a l l  
coa t ings  were degraded by t h e  exposure except t he  HXA coa t ing  which 
was n o t  a f f e c t e d .  

L .  Development of Ceramic F iber  Reinforced Composites 

The low alumina, e u t e c t i c  PbO-Si2-Bz03 g l a s s  f i b e r  was chopped 
i n  a h igh  speed blender  and alumina whiskers were added t o  form a mixture 
of  95 percent  g l a s s -5  percent  A1203 whiskers (by weight ) .  The wet 
mixture  was f i l t e r e d  and some segraga t ion  of t h e  whiskers from t h e  g l a s s  
was apparent  i n  t h e  d r i e d  f i l t e r  cake. The f i l t e r  cake was broken up, 
mixed i n  a dry  tumbling mixer and, aga in ,  s eg rega t ion  was noted.  The 
alumina whiskers agglomerated i n t o  small  whisker c l u s t e r s .  This  mixture 
was placed i n  the bushing and heated t o  600°C (llOO°F) t o  melt  t h e  g l a s s  
and the  mixture was s t i r r e d  v igorous ly .  The bushing was then allowed t o  
cool  t o  400°C (750°F) and an at tempt  was made t o  draw f i b e r  while  
r e h e a t i n g  from 400°C t o  480°C (900°F). A t  temperatures near  425OC 
(800°F) s h o r t  f i b e r s  could be s t a r t e d  from t h e  bushing but  continuous 
drawing was not  a t t a i n e d .  The f i b e r s  produced a r e  extremely i r r e g u l a r  
i n  diameter  and weak. I n  view of t h e  d i f f i c u l t i e s  encountered i n  t h i s  
approach t o  producing a high modulus reinforcement  f i b e r ,  t h i s  exper i -  
mental program is  being terminated i n  f avo r  of more promising approaches. 



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

Surveys of the  pe r t inen 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  
continuing on the  following sub jec t s :  

1. Radiat ion e f f e c t s  on engineering mater ia ls  
2 .  Vacuum e f f e c t s  on engineering ma te r i a l s  
3 .  Lubricants  and l u b r i c i t y  
4. High and low temperature r e s i s t a n t  polymers 
5 .  S t r e s s  corrosion on s t r u c t u r a l  a l l o y s .  



MONJXLY PRODUCT I O N  REPORT 

MATERIALS DIVISION 

M&CH 1, 1968 THROUGH MARCH 31, 1968 

I.  Radiography 

One hundred and twenty-seven miscellaneous p a r t s ,  components, and 
t e s t  specimens were inspected r ad iog raph ica l ly  dur ing  t h i s  r e p o r t  per iod .  

11. Photography 

N e ~ , a t i v e s  P r i n t s  Other 

Engineering Photography 123 726 
Metallography & Fractography 288 737 
Miscellaneous Photography, 

Process ing ,  Copywork, e t c .  103 

111. Meta l lu rg i ca l  and Metal lographic Tes t ing  and Evaluat ion 

A .  Because of manufacturing problems t h i s  d i v i s i o n  was requested t o  
modify MC-626 s tandard  f o r  185 k s i  n u t s ,  t o  al low t h e  use  of Inconel 718 
m a t e r i a l  f o r  manufacturing l a r g e  (718 inch diameter and l a r g e r )  diameter  
n u t s .  Af t e r  s tudy ,  i t  was recommended t o  t h e  Vehic le  Systems Divis ion  of 
P&VE t h a t  the  s u b j e c t  s tandard  t o  be  amended t o  r e q u i r e  t h e  use  of s o l u t i o n  
t r e a t e d  and aged Inconel  718 f o r  f a b r i c a t i o n  of 7 /8  inch and l a r g e r  
diameter  n u t s .  

B .  The e l e c t r o n  beam welder has been used s u c c e s s f u l l y  t o  s e a l  weld 
a f u e l  chamber of a modified C - 1  t h r u s t e r  engine.  The ma te r i a l  was 0.013 
inch  t h i c k  Ti-6A1-4V. Two s e a l  welds have a l s o  been used t o  f a b r i c a t e  t h e  
i n j e c t o r  r i n g  assembly f o r  t h e  rocke t  engine.  

I V .  Spectrographic Analyses 

Three hundred and for ty-one  de termina t ions  were made on twenty-six 
s amp1 e s  and two hundred and s i x  t y  - e igh t  s tandard  de termina t ions  were made. 

V . In f r a red  Analyses 

T h i r t y - f i v e  q u a l i t a t i v e  determinat ions were made by i n f r a r e d  techniques 
on a v a r i e t y  of m a t e r i a l s  inc luding  l u b r i c a n t s ,  f l u o r i n a t e d  coa t ings ,  
s i l i c o n e s ,  and two types of F luoroglass .  Seven q u a n t i t a t i v e  de te rmina t ions  were 
made on specimens of hydrocarbon contamination removed from t h e  l i q u i d  oxygen 
l i n e s  from engines of S-IB-111. 



V I .  Chemical Analyses 

Determinations 

RP-1 f u e l  f o r  water  
Carbon r i n g  s e a l s  f o r  ash content  
3M Products coa t ing  HX-610 f o r  

magnesium 
1 i thium 
s i l i c o n  
f l u o r i n e  
sodium 
water  

Combustion products of 3-D foam f o r  
NO2 content  

V I I .  Physico Chemical Analyses 

Densi ty of RP-1 f u e l  10 
Chromatographic analyses  of 

gas products from i r r a d i a t e d  f i lms  339 
polymers 12 
gaseous helium 4 

Mass spectrometer  ana lyses  of gas samples f o r  
hydrogen 4 8 
n i t rogen  22 
carbon d ioxide  2 1 
oxygen 5 

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

Items 

molded and extruded 
cemented 
pot ted  
f a b r i c a t e d  

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

a c i d  cleaned 
a l k a l i n e  cleaned 
degreas ed 
I r i d i t e  t r e a t e d  

X .  Development Shop Production 

A .  A t o t a l  of 5 ,726  man-hours, d i r e c t  l a b o r ,  was u t i l i z e d  dur ing  
t h i s  per iod f o r  machining, f a b r i c a t i o n ,  and welding. 

B .  Two thousand t h r e e  hundred and seventy- three  man-hours, approxi-  
mately 4 2  percent  of t h e  t o t a l  man-hours, were expended on work o rde r s  
l i s  ted  below. 



1. Flange Assembly 

Work on t h e  f l ange  assembly i s  approximately 8 0  percent  complete.  

2. T e s t  F i x t u r e  S-IVB Coupling Sea l  

The S-IVB coupling seal has  been completed and de l ive red .  

3 .  Vent Disconnect Assembly 

Work on t h e  ven t  disconnect  assembly i s  approximately 20 percent  
complete.  

4 .  S- I1  LOX Deplet ion Test Model 

Work on t h e  S- I1  LOX dep le t ion  t e s t  model is approximately 
6 5  percent  complete. 

5 .  ATM Gear and Rack T e s t e r  

The ATM gear  and rack  t e s t e r  is complete and de l ive red .  

6 .  Box Cryos ta t  Assembly 

The box c r y o s t a t  assembly is complete and d e l i v e r e d .  

7 .  Vacuum E l e c t r o  Balance Mounting Assembly 

Work on the  vacuum e l e c t r o  ba lance  mounting assembly i s  
approximately 6 0  percent  complete. 

8 .  S h a f t  Torque Motor T e s t e r  

The s h a f t  torque motor t e s t e r  has  been d e l i v e r e d .  

9 .  18-Inch Spectroscan Assembly 

The 18-inch spec t roscan  assembly i s  complete and d e l i v e r e d .  

X I .  Miscellaneous 

A. E ight  i tems of mild s t e e l ,  twenty-four i tems of s t a i n l e s s  s t e e l  
and twenty-f ive items of aluminum a l l o y  were h e a t  t r e a t e d  dur ing  t h i s  
r e p o r t  pe r iod .  

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

C .  Three f l a t  cab les  made of Mylar, Te f lon ,  and Kapton were t e s t e d  
i n  MMH, N2O4, and Aerozine f o r  wicking. These t e s t s  were c a r r i e d  ou t  
f o r  R-ASTR and a l l  ma te r i a l s  f a i l e d  t o  meet t h e  wicking requirements 
l i s t e d  i n  MSFC-SPEC-220. 



D .  A p a r t  of a  f r ac tu red  Moog a c t u a t o r  of 7079-T62 aluminum'from an 
S-IC was de l ive red  f o r  f r ac tog raph ic  a n a l y s i s .  This  work has been completed 
The f r ac tog raphs  showed a  predominately i n t e r g r a n u l a r  s t r u c t u r e .  Small 
i r r e g u l a r  c racks  were p re sen t .  These c h a r a c t e r i s t i c s  show t h a t  t h e  f a i l u r e  
was due t o  s t r e s s  co r ros ion .  

E .  A f r a c t u r e d  LOX s l i n g e r  from an S-IB-211 turbopump (of 4130 s t e e l )  
was rece ived  f o r  f r ac tog raph ic  a n a l y s i s .  The r e p l i c a  of t he  f r a c t u r e d  
s u r f a c e  showed t h e  s t r u c t u r e  t o  be extremely b r i t t l e .  Fea ther  and r i v e r  
markings were present ;  t h e s e  c h a r a c t e r i s t i c  markings a r e  t y p i c a l  of a  cleavag 
f r a c t u r e .  

F .  Eighty-nine emis s iv i ty  and eighty-one r e f l e c t i v i t y  measurements were 
made on va r ious  commercial and experimental thermal c o n t r o l  coa t ing  mater ia l s  

G .  Seventy-eight  thermal proper ty  de te rmina t ions  were made inc luding  
such t e s t s  a s  d i f f e r e n t i a l  thermal analyses;  d i f f e r e n t i a l  scanning 
ca lo r ime t ry ,  thermal grav imet r ic  ana lyses ,  thermal conduc t iv i ty ,  e t c .  

X I I .  Pub l i ca t ions  

A .  Pe tso ,  P. P . :  Evaluat ion of an Ul t r a son ic  Detec tor  f o r  Gas 
Chromatography, TV X-53717, March 19 ,  1968. 

B .  Lovoy, C .  V .  : S t r e s s  Corrosion Charac ter i s  t i c s  of Aluminum 
Cas t ing  Alloy M-45, IN-P&W-M-68-2, March 19 ,  1968. 

C .  C o r b i t t ,  S . ;  and Hamilton, D . :  Spectrographic So lu t ion  Determination 
of Sodium i n  Magnesium Alloys,  IN-P&VE-M-68-1, March 19 ,  1968. 
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SATURN PB 

I. S-IB Stage 

S-IB- 11 Static T e s t  P r o g r a m  

Because of the LOX seal  failure on engine position 8, two addi- 
tional t e s t s  a r e  planned. The f i r  s t  will be of 3 5 seconds duration, and 
the second will be the required full-duration t e s t  for flight verification. 
On the f i r s t  tes t ,  four lip-type LOX seals  and four bellows LOX sea ls  
will be installed in  an  at tempt  to determine the cause of carbon nose 
chipping and the relat ive m e r i t s  of the two seals .  Results of the f i r  s t  
t e s t  will dictate which of the two sea ls  will be installed on a l l  eight 
engines for the second test .  Simulation of the three-  thermocouple sens-  
ing sys tem in the LOX sea l  drain l ine,  which will be used for AS-205 
pre-launch cutoff in the event of a LOX sea l  leak, i s  a l so  planned. 

11. S-IVB Stage 

A. AS- 206 Countdown Observer Redline 

The r edline requirements  for thrus t  chamber jacket tempera-  
tu re  were  redefined, ra is ing the maximum redline for APS oxidizer 
tank p r e s s u r e  f r o m  216 psia  to 219 psia and fuel tank ullage maximum 
p r e s s u r e  f r o m  16.7 psia  to 17.4 psia.  

B. Orbital  Workshop (OWS) 

1. Orbital  Workshop APS 

Work has  continued on the detailed design of the APS. A 
l i s t  of ma te r i a l s  for the tubing and fittings was completed; the list will 



be updated a s  more design details a r e  finalized. Safety requirements 
for manual loading of the pressurization spheres were obtained from 
KSC. It  was decided that the OWS APS could be loaded manually a s  
long a s  the actual filling operation could be controlled remotely and 
per sonnel would disconnect only unpr e s surized connections. 

Procurement actions were initiated on several compo- 
nents to be used in the Auxiliary Propulsion System: the propellant 
tank, the pressurization sphere, the nitrogen gas regulator , the quad 
check valve s, and the relief valve bur s t  disc. 

The component specification control drawings for the 
nitrogen gas regulator and the relief valve were released. specifica- 
tions for the quad check valve and pressurization sphere were com- 
pleted and a r e  being released. 

2. Failure Effect Analysis (OWS/APS) 

A failure effect analysis (FEA) of the OWS auxiliary pro- 
pulsion system (APS) was completed. The FEA indicates that only 
failure of the APS engines would result  in a probable 10s s of mission. 

3 .  Modified OWS Thermal Control System 

Updated studies employing thermal models with the 
solar a r r ay  configuration, the crew quarters configuration, and plenum 
and crew quarters  indexing were completed. Results of these studies 
show that modification of the fanlduct system so that al l  eight fans a r e  
located in four cold plenums will improve the thermal environment for 
the hot conditions . 

4. Bulkhead Heat Losses and Internal Temperatures 

Heat lo s se s and resulting internal surface temperature 
were redefined, and an alternate method of protection was established, 
particularly for the aft bulkhead area.  The need for high performance 
insulation on the forward bulkhead was established to preclude exce s- 
sive losses. The low internal temperatures (below 3 2  OF) in the a r ea  
of the forward skirtlsidewall joint can be raised by employing a coating 
with a ( Y / E  > 1 or using an extended meteoroid shield close out. The aft 
thermal barr ier  i s  effective in minimizing heat losses a s  well a s  guard- 
ing against a low internal surface temperature in the vicinity of the af t  
skir t  joint. Deletion of the af t  thermal barr ier  requires extension of the 
meteoroid shield closeouts to guard against unacceptable low internal 
temperatures. Excessive heat leaks result, particularly in mission B; 
however, these could be off set with additional atmospheric heat if enough 
power i s  available. 

7 6  



5.  Food and Waste Management Ventilation Design 

A study to determine the atmosphere inlet configuration 
for the food and waste management compartments was completed. 
Results of the analysis show that acceptable atmospheric velocities for 
COz removal can be achieved with a simple slot cut in the compartment 
ceiling. 

6 .  Cluster Carbon Dioxide Concentration Model 

A computer model was developed to predict transient 
carbon dioxide levels for the Orbital Workshop cluster. The general 
approach in developing this model was to divide the cluster into ele- 
ments and perform a mass  balance on each element. A method of in- 
cluding astronaut metabolic time line data was devised and included in 
the program. 

Analyses with this model indicate that using the mole- 
cular sieve a s  the primary C02 removal device, with the recommended 
flow ra te  of 10 lbm/hr, will result  in concentrations above the acceptable 
level of 7.6 m m  of mercury a t  5 psi. If the ATM environmental contr 01 
system (ECS) i s  used a s  the primary removal device (36 f t3  /min flow 
rate) ,  concentrations can be kept well below the acceptable level. This 
preliminary data indicates that i f  the molecular sieve i s  used a s  the 
primary removal device, an increased flow ra te  through the system will 
be required to maintain acceptable concentrations. 

SATURN V 

I. S-IC Stage 

A. F- 1 Engine 

1. R&D Engine Tests  a t  Edwards Field Laboratory (EFL) 

Twenty-four tests  were conducted, and a total duration 
of 3304 seconds was accumulated. Twenty-two of theseatests were full- 
duration runs (150 seconds or more). One test  was terminated prema- 
turely due to a facility regulator malfunction. 

2.  Production Engine Testing a t  EFL 

Two tests  were conducted with a total duration of 199.3 
seconds. One test  was a full-durationrun, and both tests  ran  a s  planned. 



B. S-IC-2 Servoactuator Leakage 

The four Moog servoactuators on S-IC-2 that were leaking 
fuel past the rod seals have been replaced with components supplied 
by the stage contractor. The new servoactuators have not been leak- 
ing, so i t  has not been necessary to install the leakage drain tubes 
proposed by the stage contractor. 

11. S-I1 Stage 

A. J-2 Engine 

1. R&D Testing a t  SSFL 

Thirty tests  were conducted, and a total of 4345 seconds 
was accumulated. All of the tests  ran  for the planned duration. 

Production Engine Tests  a t  SSFL 

Six tests  were conducted, and a total duration of 767 
seconds was accumulated. All of the tests  ran  a s  planned. 

3 .  - J- 2 Engine Tests  a t  AEDC 

The fir s t  engine sample (J-2047) was tested with the 
simulated center-engine fuel duct a t  AEDC. Ten hot f i re  tests  were 
accomplished during four test  periods. Low fuel NPSH was maintained 
on nine of the firings. Engine operating conditions were set  to simu- 
late the most severe operating conditions, i. e . ,  worst case environ- 
ment limits,  NPSH, timing, and s tar t  tank conditions. The data from 
these tests  show that the engine can satisfactorily s tar t  a t  27.0 psia 
fuel inlet pressure.  

After completing the low fuel NPSH tests ,  eight blow- 
down tests and five hot firings were achieved in support of "launch 
constraint relief. " The five hot firings were conducted with the thrust 
chamber conditioned to - 100 O F  a t  engine start.  The engine ran  satis- 
factorily during these tests,  but the fuel pump blowdown stall margin 
was reduced about 50 percent. 

The S-IVB duct was installed, and res ta r t  tests  a r e  
planned for March 27. These tests  will simulate the 80-minute engine 
r e  s tar t  with the new narrow band vent and relief valve. 



4. Extendible Nozzle Technology Study 

A procurement  request  was released for a design study 
and potential fabrication effort  to provide a n  inflatable, high expansion 
rat io,  nozzle extension for the J - 2 s  engine. Such a nozzle extension 
could be tested on the J -2s  engine within the J-4 altitude facility of 
Arnold Engineering Development Center. Concern was expressed 
regarding the position of the extension exit within the facility diffuser. 
This condition could generate unrealistic p r e s s u r e  waves during the 
shutdown sequence of an  altitude t e s t  which might damage the extension; 
however, there a r e  procedures of shutdown and t e s t  durations that 
would minimize these p ressu re  surges.  

5. J- 2s Engine EBW Initiator 

To expedite the development of the J -2s  engine EBW 
initiator,  a decision was made to direct  the engine contractor to develop 
the initiator requirements  of MSFC design procurement specification. 

111. S-IVB Stage 

A. AC Motor -Pump Considered for Engine Gimbal System 

During development of the DC motor -pump, nurner ous problems 
were  encountered: (a) failure of brushes,  (b) failure of gas seals ,  and 
(c) auxiliary component malfunctions. A backup development was under- 
taken to convert the present  motor design to a DC brushless  or  AC sub- 
merged. A submerged AC motor -pump eliminates a requirement  for 
dynamic gas seals .  All components related to and including the a i r  tank 
a r e  eliminated since no brushes a r e  employed. A reliability improve- 
ment  i s  a l so  realized. No weight penalty r e su l t s  since the same bat ter ies  
a r e  employed and the elimination of the a i r  tank sys tem i s  balanced by the 
added inverter electronics.  The AC motor -pump would require  near ly  
two yea r s  for development and qualification, and incorporation into present  
S-IVB block of vehicles i s  questionable. However, for future S-IVB m i s -  
sions,  this concept may prove to be most  rewarding. 

B. APS Off-Loading Requirements for AS- 502 and 503 

The loading and off-loading requirements for AS- 502 and AS- 503 
were  transmitted to KSC for implementation. Data were furnished defi'ning 
the amount of propellants to be off-loaded af ter  loading the tanks full. 
Propellant loading data were  also generated for incorporation in the Saturn 
V propellant loading document. The data included information for the APS 
section of the document, off -loading requirements  , propellant tank dia- 
g ram,  and usable propellant versus  tank ullage volume graphs. 



C. AS- 502 APS Fuel Tank Bladder Overpressurization 

Investigations were  conducted to determine the condition of 
the fuel tank bladder af ter  i t  was overpressurized and a lso  the capability 
of the same  type bladders to satisfactorily withstand overpres  surization. 
After two hours  of observation, the bladder was determined to be sa t i s -  
factory a s  indicated by the absence of fuel leakage into the sight glass.  
It was a l so  found that the Lunar Module (LM), which uses  an identical 
tank and s imilar  bladders a s  the APS and the spacecraft  modules, allows 
a t  l eas t  twice the maximum differential p r e s  su re  l imit  a s  that allowed for 
the APS. As  a r e su l t  of these investigations, recommendations were  
made  to accept  the fuel tank bladder for flight, to change the SCD allowa- 
ble  l imit ,  and to change the propellant loading procedure to eliminate any 
possibil i t ies of exceeding the allowable l imit .  

D. AS- 503 APS Ullaging Capability Estimated for the BP-30 Mission 

The prediction for the AS- 502 attitude control propellant consurnp- 
tion was used a s  bas is  for the estimate.  I t  was determined that the proposed 
600 seconds of total ullage engine burn for the AS-503 RP-30 can be m e t  and 
s t i l l  leave a s  much a s  approximately 25 pounds of propellant for r e se rve .  

E. Dual R e s t a r t  Mission Planned for AS-503 

The planned mission will be a burn into ear th  orb i t  followed by 
two r e s t a r t s .  The res ta r tab le  O2 /Hz burner will be utilized for the f i r s t  
r e s t a r t  and will be backed up by the ambient repressurizat ion sys t em in  
c a s e  the r e  s tar table  O2 /Hz burner fails.  The second r es ta r  t will demon- 
s t r a t e  a restar tabi l i ty  of the burner with r ep r  essurization proof by the 
ambient  r epr e s surization system. The final burn will acce lera te  the 
S-IVB to escape velocity. A propellant dump and a safing will be per -  
formed. 

IV. Instrument  Unit 

A. Coolant Pump 

Coolant pump contamination t e s t  was completed. The coolant 
passage could not be  blocked by introducing part ic les  into the system. 

B. F i r  s t  Stage I U  Regulator 

870 hours of the 20-00ahour l ife t e s t  were  completed sat is lac-  
torily.  The t e s t  i s  continuing. 



C. Gas Bearing Regulator 

The final t e s t  of the extended life t e s t  of the Gas Bearing 
Regulator was completed. The regulator failed to maintain the proper 
differential p r e s s u r e  for the f i r  s t  500 hours of tes t ;  this was attributed 
to the method of data acquisition. The method was changed, and for the 
remaining 1000 hours  of tes t ,  the regulator functioned properly within 
fh- design requirements .  The regulator i s  being acceptance tested. 

SPECIAL STUDIES 

I. Apollo Telescope Mount (ATM) 

A. ATM Canister Vent Valve 

The specification for the ATM Canister Vent Valve was com- 
pleted and i s  being re leased  for procurement.  

ATM Ordnance 

Exploding bridgewir e (EB W)  confined detonating fuses  (CDF) 
will be used in  the ATM solar panel decinching, antenna r e l ease ,  launch 
lock r e l ease  and removal  diagonal s t ru t  ordnance systems.  Saturn V 
ordnance components will be used in these systems.  One component, a 
CDF p ressu re  car t r idge,  remains  to be developed for use  in the above 
ATM sys tems.  Two CDF manifolds were  ordered  for testing to deter - 
mine the outgassing level of the ordnance components planned for use  
in the ATM sys tems.  

C. ATM Thermal  Control 

1. Canister Active Thermal  Control System 

The minimum temperature design specifications were  
redefined for the Environmental Control System (ECS) components. The 
minimum tempera tures  in the s torage mode with a l l  systems off was 
r a i sed  f rom - 100 " F  to 65OF. This change was based upon the l a t e s t  
ECS components being removed f r o m  the proximity of the radiator  outlet 
tempera ture  where surges  of cold fluid (-100°F) could occur a t  sys tem 
star t -un.  



2.  Quadrant IV Thermal  Tes t  

The t e s t  plan was approved. Emissivity measurements  
of the tes t  i t em and the vacuum chamber were made. All instrumenta- 
tion leads and connectors on the t e s t  i t em were  installed and checked. 
The quadrant was placed in  the Sunspot I vacuum chamber.  Thermal  
s imulators  and heater blankets operated satisfactorily when power was 
applied. The thermal  simulator sequencer for the timelined p r o g r a m  
was assembled and i s  being checked out. The data reduction p rograms  
a r e  a l so  being checked out. 

D. ATM Rack Mounted Electronic Components 

Orbital  heating analyses were  completed to establish hot and 
cold conditions for the electronic component mounting a r e a s  on the side 
of the ATM rack  during the operational phase of the mission. These 
conditions were  determin-d based on the ex t remes  of the so lar ,  earth,  
and albedo environmental variations , clean and contaminated surface 
radiation propert ies ,  and over a range of orbital  beta angles of - 52 " 
to +52 ". Hot conditions were  obtained f r o m  the cluster mode configura- 
tion and the cold conditions f r o m  the independent mode configuration. 

These environments were used to pe r fo rm prel iminary thermal  
analyses  on 6 7  of the 96 r ack  mounted electronic components. Resul ts  of 
these thermal  analyses located nine components with hot problems and 25 
components with cold problems. The hot problems can be eliminated by 
proper  selection of component arrangement  and improved mounting. The 
cold problems will be eliminated by better a r rangement  of components 
and by addition of component heater blankets. 

E .  Experiment Package Analyses 

Analyses were  completed to determine the flow and tempera-  
t u r e  distribution in the cold plates containing the f i lm re t r ieva l  daors  
and indicate that the present  design i s  within the thermal  control sys tem 
requirements  . 
11. Multiple Docking Adapter (MDA) 

A. Fa i lure  Effect Analysis (MDA Fluid System) 

A failure effect analysis of the MDA fluid sys tem was com- 
pleted. Resul ts  of the analysis indicated that there  a r e  only two com- 
ponents (hatch seals  and hull penetration sea ls )  wherein a fai lure  (major 
leakage) would r e su l t  in an  actual l o s s  of mission. 



B. MDA 

1. The four -inch experiment hand valve has  received procure-  
ment  approval. 

2 .  The requirement for having a relief valve on the MDA was 
eliminated. P r e s s u r e  relief for the MDA will be handled by the airlock 
module. 

3 .  A study was completed for a preinstalled water supply 
sys tem for the O'WS IATMIMDA. 

4. Thermal  tes t  a r t ic le  purge sys tem design has been com- 
pleted. The system i s  installed on the t e s t  a r t ic le  and i s  ready for 
ins  tallation of insulation . 

5. The MDA flight purge system design was initiated using 
the prel iminary fluid requirements  . 

6. The MDA heater design and specifications were  s tar ted.  
The present  mode of operation of the heater has been found acceptable, 
and the control function will be defined to support this operation. 

111. Zero  Leakage Projec ts  

Investigation of the brazed and welded tube connectors for space 
vehicle use i s  continuing. Six 1 114-inch G E  connectors were  vibration 
tested a t  t 500 OF. The connectors completed the tes t  satisfactorily 
while under a peak s t r e s s  of 15,000 psi. Eight 1 112-inch connectors 
(five Aero-quip and three welded) were  vibration tested a t  t500 "F while 
under a peak s t r e s s  of 15,000 psi. Two of the Aero-quip connectors 
failed, but the remaining connectors satisfactorily completed the test .  

The Quality Laboratory successfully completed vibration testing 
on fifteen 3 14-inch connector s (five Aer oquip, five G E ,  and five welded) 
a t  4-500 "F while under a peak s t r e s s  of 15,000 psi.  This completed the 
vibration testing of the 3 14- inch connector s . 

IV. Liquid Level Point Sensor Evaluation 

All planned tes t  runs  for comparing liquid level point sensors  in 
liquid nitrogen were  completed, and approximately 10 percent  of the 
reduced data have been received. 



ADVANCEDPROPULSIONANDTECHNOLOGY 

I. Advanced Engine Aero spike Experimental Investigation 

The nickel tubewall thrust  chamber was assembled and i s  being 
installed in the t e s t  stand. Segment tes t s  investigating chamber 
geometry variations were  concluded. Pre l iminary  resul t s  indicate that 
high performance can be maintained with gas lgas  propellants in short  
chamber lengths (2-4"). A redesigned concentric tube injector has 
shown a performance level equal to the triplet  injector design. Upper 
chamber heat loads were  consistently lower with a concentric injector 
than a t r iplet  injector. The high p r e s s u r e  (2000 psi)  segment tes t s  
have started. 

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

One t e s t  was conducted on a Hamilton Standard 25-pound thrust  
monopropellant engine. Two standard firing cycles were run for a 
total  t ime of 1081 seconds, thus bringing the accumulated total run  time 
on this engine, SIN 002, to 1945 seconds. During a five-minute steady 
state  run  a t  the end of the t e s t  ser ies ,  maximum chamber p r e s s u r e  
oscillations of f 37 ps i  were  noted. In addition, chamber p r e s s u r e  and 
propellant flow ra te  slowly decreased to a value approximately 10 pe r -  
cent below nominal. This phenomenon also occurred on engine, S I N  00 1, 
indicating that a flow restr ict ion i s  forming somewhere downstream of 
the engine valve, either in  the injector feeder tubes or the catalyst bed. 
This concludes the testing on the Hamilton Standard 25-pound thrust  
engines. Total t e s t  t ime to date on a l l  engines i s  a s  follows: 

Walter Kidde 40 -pound Monopr opellant (S /N  1 ) 2455 sec  
Walter Kidde 40-pound Monopropellant (S /N 2) 1695 sec  
Hamilton Standard 25-pound Monopr opellant (S IN 1) 10 78 sec  
Hamilton Standard 25-pound Monopropellant (SIN 2 )  1945 sec  

The re su l t s  of the dr ive system experimental tes t  programs com- 
pleted by AC Electronics and Bendix were  evaluated. As a resul t ,  it was 
r ecornmended that preference be given to the nutator dr ive mechanism 
and that the harmonic drive be developed a s  backup. 



PUBLICATIONS 

The Analysis of Turbulence f r o m  Data Obtained with a Laser  Velocimeter.  
Unclassified, TM X-53703, by N. E. Welch and W. J. Tomme. Dated 
Februa ry  5 ,  1968; Published March 12 ,  1968. 
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