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SATURN V 

I. S-IC Stage 

The status of the slow-release mechanism for  AS-501 vehicle i s  
a s  follows: 

1. Formal  documentation for  s t rain gage instrumentation on each 
slow-release mechanism was forwarded to  the Saturn V P ro jec t  Office on 
September 5, 1967. The documentation requires  preloading each mechanism 
to 4 3  t 2  kips af ter  RP-1 i s  loaded on board on the S-IC stage. If the average 
preloyd of a l l  16 mechanisms drops below 38 kips pr ior  to loading of cryogenics, 
then the mechanisms must  be retorqued to the specified requirement of 4 3  +2 
kips. If an individual mechanism preload drops below 36 kips, then retorquing 
to  4 3  t 2  kips i s  required. - 

2. The documentation specifies that i f  an average preload decay 
r a t e  of .216 kips/  10, 000 lbs.  of cryogenics i s  exceeded on AS-501 during 
cryogenic loading, then the mechanisms must  be retorqued to the 4 3  $2 - 
kips requirement.  

3.  The documentation a lso  specifies monitoring of the instrumentation 
during preloading, once pe r  hour af ter  preloading, and continuous monitoring 
f r o m  T -10 seconds to  T t 5  seconds. 

The slow re lease  device was revised to provide swiveling of the 
extrusion pin without experiencing bending s t r e s ses .  This was coordinated 
with Boeing design a t  Kennedy Space Center. The washers,  a MSPC design, 



were  fabricated and delivered to KSC, September 15, 1967. The revised 
design will allow 11 degrees of swiveling action. Engineering change 
o r d e r s  were released to the Level I1 change board to install  the washers .  

The calculated dynamic loads a t  501 launch have increased,  and 
the exact value depends on the preload a t  lift-off on the slow-release 
mechanism. The Strength Analysis Branch i s  calculating the total loads 
fo r  the center and outboard F- 1 engine turbopump s t ru ts  based on a 1.25 
safety factor.  The loads a r e  grouped a s  follows: 

I. External loads 

2. Vibration loads 

3 .  Lift-off dynamic loads 

The prel iminary loads and s t r e s s  analysis for the seven turbopump s t ru t s  
on the inboard and seven s t ru ts  on the outboard engine for  both the com- 
press ion  and tension loadings along with the center engine alignment s t ru t  
were  completed on September 26, 1967. 

11. S-11 Stage 

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

An aft skir t  modification kit supplied by North American was 
received and t ransfer red  to  Manufacturing Engineering Laboratory for 
installation. Coordination was made for the removal of brackets  on the thrus t  
cone in o rde r  to  simplify heater  blanket installation. 

An investigation was continued into the fai lure  and loosening of 
fas teners  in the s t ructure.  These aluminum Hi-Lok fas teners  have failed 
i n  tension and some col lars  have become loose during handling and S-IC 
stat ic  firing. North American uses  a d ry  fi lm lubricant on both the pin and 
col lar  of these fasteners .  The Hi-Shear Corporation ran  t e s t s  with thi's 
combination, but the resul ts  do not show the lubricant combination to  be a 
problem. North American i s  a lso testing this combination. The quantity 
of fas teners  involved i s  small  (8 total out of approximately 30, 000). 

The inters tage f rom the high force t e s t  program will apparently 
have to  be modified for  use in  the test .  A modification to  the aft skir t  
subsequent to the design of this  interstage resu l t s  in higher peak loads on 
two s t r ingers  in  the interstage. It appears  these s t r ingers  will have to  be 
removed and reworked. In addition, North American has  requested the 
addition of separation plane tension s t raps  a t  station 196 to  aid in transmitting 
compressive load. 



B. MSFC Test  404 (High Force Thrust Structure) 

Cracks were discovered around flanged lightening holes in a ring 
frame.  The cracks apparently were caused by men walking on the ring. 
~ o u b l ' e r s  were desf gned to reinforce the a r ea  and have been installed. 

C. Storage Batteries 

Vibration and Acoustics Branch personnel went to Electronic 
Storage Battery Corporation in Raleigh, North Carolina to participate 
with North American Aviation (NAA) in evaluating the qualification status 
of the S-I1 stage recirculation system batteries. Two batteries a r e  located 
in container 207 on the thrust structure and two a r e  located between ring 
f rames  on the aft interstage. The meeting was setup a s  a resul t  of 
A strionics Laboratory pulling the certificate of qualification on the batteries 
af ter  failure during the NAA qualification maintenance (reliability) program. 
The resul ts  of the technical meeting a r e  a s  follows. 

1. Container 207 (type I battery) - Test specifications used were 
adequate. The low frequency random specification was slightly low but 
compensated for by the sine test  specification. 

2 .  Aft interstage (type I1 battery) - Test  specifications a r e  not 
onsidered adequate. Based on high force, S-IC, and S-I1 static firing 
.ata the random specification was significantly low, approximately 30% 

low from 50 to 200 cps which coincides with the critical frequencies for 
the battery. NAA and MSFC representatives concurred in  this evaluation 
and recommended that a vibration test  be run on the aft inter stage bat ter ies  
pr ior  to 501. The tes t  levels will be those new levels agreed upon by 
NAA and MSFC. 

The technical recommendation was accepted by the cognizant 
program management personnel f rom Astrionics, 10, and NAA and test  
setup i s  to be accomplished by October 5, 1967. The recommendations 
made and agreements reached a t  this meeting a r e  only valid in reference 
to the qualification maintenance program for the aft interstage batteries 
on vehicle 50 1. 

D. LH2 Outboard Feed Line 

The LH2 outboard feed line completed vibration tes ts  a t  Wyle, 
Norco. No apparent failures resulted, however, wrinkles were noted on 
the inner radius of the elbow at  the turbopump end. The wrinkles, a s  
determined by visual inspection, a r e  a maximum of 0.015 inch in depth and 
a length of approximately 0.75 inch. An impression of the wrinkles has 5een 
taken and i s  being evaluated. The LH2 outboard feed lines a r e  still con- 
sidered acceptable for 50 1 flight, 



E. S-I1 Test P rogram 

A Post  Test Data Evaluation Computer P rogram that can be 
utilized in the evaluation of data from the S-I1 Test P rogram has been 
completed. The program functions a s  follows: 

The raw data tapes from the Computer Controlled Data 
Acquisition System a r e  used a s  input to the Post  Test Data Evaluation 
System, which utilizes both the GE 235 Computer and the IBM 4020 Plotter.  
These provide computer plots of data in output form which i s  available 
for  a quick look, a s  well a s  for the final evaluation. The implementation 
of this plotting procedure will have a significant impact on the S-I1 Testing 
P rog ram a t  MSFC in that it: (1) can provide a s  many a s  300 graphs within 
24 hours, (2) will f ree engineering manpower for more  meaningful tasks, 
and (3) could possibly be a key factor in averting a costly and dangerous 
catastrophic failure of a test  specimen. 

111. S-IVB Stage 

A. Tension Testing of S-IVB Structural Joints 

Testing of specimens representative of three pr imary structural 
joints of the S-IVB/Saturn V stage have been successfully accomplished by 
McDonnel Douglas Corporation (MDC) and R-P&VE-SS. The three joints 
tested a r e  IU/S-IVB interface joint, forward skir t /LH2 tank joint, and 
LH2 tank/aft skir t  joint. The tes t  results have demonstrated the capability 
of sustaining tension loads in excess of the max expected loads resulting 
f rom the loss  of thrust  in one F-1 engine during S-IC boost. 

B. Anti-Flutter Kit Heating Problem 

Aerodynamic heating of the S-IVB/AS-501 forward skir t  caused by 
the addition of the anti-flutter kit resulted in increased secondary loads and 
reduced strength of the longitudinal stringers.  After extensive analysis 
by MSG, TBC, and R-P&VE-SSS, i t  was determined that the S-IVB/AS-501 
would be fixed by placing metal clips over the gaps a t  the intersections of 
the s tr ingers  and the anti-flutter kit segments. This work was completed 
on the S-IVB/AS-501 by September 23, 1967. 

C. S-IVB Flutter Panel Testing 

The dynamic strain gages were installed on the test  panel and the 
panel was installed in  the test  fixture. Static loading i s  presently being 
repeated to a limited degree a s  a final checkout prior  to shipping the panel 
to AEDC. St resses  induced by loading and internal pressure  a r e  lower than 
for  previous static loadings; the cause for this i s  being sought and will be 
corrected. Modifications to the fixture that a r e  required for wind tunnel 
testing a r e  being made. 
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D. Side Struts  

The side s t ru ts  have been redesigned and a r e  being fabricated. 
The beams a r e  tee-section welded assemblies  utilizing I .  00 inch and 1. 250 
inch thickness steel plate. 

E. Nose Fair ing Modification 

The contour of the nose fairing for the S-IVB flutter panel t e s t  
f ixture will be changed utilizing a high strength epoxy plastic casting com- 
pound. Approximately 1 cubic foot of epoxy plastic will be cas t  in place. It 
will be retained by sixty-six 1/4" bolts with la rge  washers  and a single 
l aye r  of 1/4" grid steel hardware cloth. Modification drawings have been 
completed and fabrication i s  being initiated. 

I?. Boat Tail 

A new boat tail  for  the S-IVB flutter panel t e s t  i s  being manufactured. 
A section of a S-IC bulkhead gore i s  being used a s  the top skin of the boat 
tail .  Wooden contour fixture s were fabricated by Manufacturing Engineering 
Laboratory to  check the adequacy of the part. The boat tail  is  constructed 
p r imar i ly  of aluminum and fastened with mechanical fas teners  and welding. 
Detail drawings of the par t s  have been prepared and released for manu- 
facturing. The assembly drawings a r e  essentially complete and wil l  be 
re leased  on a t imely basis.  The Manufacturing Engineering Laboratory will 
manufacture and assemble  the boat ta i l  with expectations of the work being 
complete by October 12, 1967. 

G. Component Qualification 

A comparative review and evaluation of component qualification 
status has  been made by comparing the anticipated Saturn V vibration levels  
to  the qualification t e s t  levels. The resul t  of this comparative review 
indicates that the anticipated Saturn V level exceeds the qualification level 
on 27 line i t em components. A detailed evaluation of the above condition 
r e  sulted in the following recommendations. 

1, Line i tem P-2, the inverter  converter will be tested p r io r  to  
501 flight. The hardware i s  the responsibility of Astrionics Laboratory. 
An ECP has  been initiated to cover referenced testing. The t e s t  will 
consis t  of a 30-second random vibration burs t  in the radial  axis  to  cover 
the 100 cps response band. 



2. Line i t ems  F-4 and F-12, the LH2 feed line and LH2 prevalve 
respectively,  will be tested pr ior  to 502 a t  vibration levels enveloping the 
anticipated Saturn V flight levels. The abovc i tems will be tested a s  an 
assenlbly.  The i tems a r e  acceptable for 501. 

3 .  Line i tem H-13, the LH2 tank vent direction control valve, 
will a l s o  be tested pr ior  to  502 to vibration levels enveloping the anticipated 
Saturn V levels.  This i tem i s  acceptable for  501. 

4. The remaining 23 line i t ems  a r e  acceptable for  501 and subs. 

IV. Instrument  Unit 

A. Swing A r m  Testing 

Deflection analysis of the Advanced Saturn vehicle for  umbilical 
disconnect loads has  shown the double amplitude displacement a t  the I U  
level to  be 1. 54 in'ches. This analysis was done to determine the moments 
occurr ing on the I U  during swing a r m  testing a t  Kennedy Space Center. 
S t r e s s  analysis  of the IU for  the local radial  umbilical loads will be initiated 
to  show whether the access  door must  be in place during umbilical disconnect. 

B. Panel  Testing 

Testing of panels to determine tension capability of the upper IU  
interface has  been temporari ly  suspended because of failure of the t e s t  
f ixture.  Although the failure occurred a t  108% of engine-out loadings, 
the t e s t  did not show the IU capability and i t  was decided to  repa i r  o r  replace 
the fixture and resume testing with a new panel. 

V. Saturn V System 

A. Damper System 

No operational problems were encountered during rol l  out of AS-501; 
however, interference between the mobile service s t ruc ture  (MSS) and the 
p r i m a r y  damper was encountered. This was investigated and found to  be 
caused by the clamshel ls  of the MSS not opening f a r  enough. Kennedy 
Space Center proposed to  use  ropes to  t ie  off the vehicle during the period 
that the p r imary  sys tem is  not connected. Nylon, hemp and polypropylene 
ropes  were  tested and found to be very  elastic.  

Engineering change requests were written to  install  the redesigned 
centering cables and install  protective dr ip  pan for  the hydraulic cylinder 
rod ends. Both of these MSFC requests  were r e fe r red  by KSC to  NASA 
Headquarters  for  approval and were cancelled. 



B. Saturn V Sled Test 

The 1 / 10 scale model to be used for the t e s t  specimen i s  being 
assembled and i s  approximately 75% complete. Scheduled completion re- 
mains  a t  October 1, 1967. 

C. Loads Analvsis 

Saturn V deflections a t  umbilical a r m  locations were supplied to  
Vehicle Systems Division, R-P&VE-V. Analysis was done for  a var iety 
of ground wind conditions to help verify umbilical a r m  tracking capability. 

Pre l iminary  inflight s t ructural  loads for  the uprated Saturn V 
vehicle with a 45-foot shroud were published. Analysis was based on 95% 
wind probability for  the months of November and December. 

Cri t ical  ground winds were determined for  off loaded conditions 
with the spacecraft  empty for  a factor of safety of 1. 25. Data was supplied 
to  R-TO-G for  onpad evaluation analysis. 

VI. Engine 

The J-2 engine lox pump bleed duct was vibration tested by the 
Vibration and Acoustics Tes t  Section. The t e s t  was run under cryogenic 
conditions (-2950F) and pressurized to  10 psi. The tes t  specimen passed 
both the sine and random phases of the tes t  without any apparent fai lures .  

APOLLO APPLICATION PROGRAM 

I. Apollo Telescope Mount 

A prel iminary location for  the attachment points of the Solar Panel  
Modules was received f rom A strionic s Laboratory, and prel iminary design 
layouts were s tar ted to define the associated Rack fittings and modifications 
Astrionics i s  still considering another location of the Solar Panel  Modules 
since the cur rent  location in ter feres  with the existing service platforms 
in the SLA. Conceptual type layouts a r e  being developed for  the attach- 
ments  of the Acquisition Sun Sensor and the sun shield, which a lso  attach 
to  the Rack s tructure in the same a r e a  a s  the Solar Panel  Modules. 

A redesign of the LM ascent stage forward support fittings was com- 
pleted and forwarded to Vehicle Systems Division for release.  This 
redesign allows straight-type electr ical  connectors to be used on the 
electroexplosive separation bolt, and provides additional installation 
clearance. 
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Redesign of the outrigger tubes and end fittings was completed and the 
documentation forwarded to Vehicle Systems Division for release.  This 
redesign became necessary  when the originally planned method of e lectro-  
magnetic swaging proved to be unfeasible for this application, and mechanical 
swaging, while producing acceptable par ts ,  i s  t ime consuming. 

A layout was s tar ted to investigate the problems in mounting a s t a r  
t r a c k e r  on the Rack, although Astrionics has  not yet selected ei ther  a 
contractor  o r  a final configuration. 

11. Multiple Docking Adapter 

Handling brackets  for  the pressurized heat t ransfer  t e s t  tank have been 
checked for  s t ructural  integrity. The resu l t s  of the analysis indicate 
that  the brackets  a r e  structurally adequate. 

An impact on the PM/Rack documentation to  use LM compatible hardware 
on the upper ring and omit the P M  Support Ring was made. An additional 
180-200 engineering manhours would be required to prepare  the required 
documentation. 

Work has  been discontinued on the design and manufacturing effort f o r  
the PM/Rack  structure.  All documentation will be cancelled immediately. 
The Rack authorized under this  program will be manufactured using the 
A TM/ Rack documentation. Existing P M /  Rack pa r t s  already fabricated 
will be utilized where possible, with the remaining pa r t s  placed in  storage. 

IV. Nuclear Ground TestModule 

The drawings for  the nine-foot Rift insulation t e s t  tank were completed 
and released.  The design of the 105-inch diameter  insulation t e s t  tank has  
been initiated and i s  scheduled for completion about November 1, 1967. 

The design of NGTM i s  continuing in the thrust  s t ructure,  gimbal 
sys tem tai l  section, LH2 tank and forward skir t  a r eas .  Layouts a r e  being 
prepared in  a l l  a r e a s  and detailing of pa r t s  should s t a r t  next month. 

V. Voyager 

A study to determine the feasibility of using a t rus s -co re  sandwich 
construction for  the bus cylinder was completed. The resu l t s  of the study 
indicate that the t russ-core  construction would be heavier than a comparable 
monocoque construction because of the restr ic t ion on the depth (2") of the 
sandwich and on the face sheet thickness (. 02" outer and .08" inner),  for  
micrometeoroid protection. 



VI. MSFC Flight Experiment # 8  

The tension t e s t  package has  been reduced in thickness f rom 8,  13 
inches to  6. 75  inches. This thickness resul ts  in a minimum clearance 
of approximately 2. 75  inches with the MDA shroud. 

CKief, Structures  Division 
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ADVANCED STUDIES OFFICE 

(September 1, 1967, Through September 30, 1967) 

SATURN V 

Voyager P rogram 

Baseline Spacecraft Design 

1. P&VE Spacecraft Design Status - - -  Publication of the 
MSFC Internal Note on the Phase I spacecraf t  design study has been 
delayed due to revisions.  The repor t  i s  now scheduled for publication in  
October. This document will contain a description of the Voyager space-  
c raf t  concept identified a s  the "baseline concept. " Publication of this 
document will culminate a six-month prel iminary design effort by the 
P&VE Laboratory. 

2 .  Voyager Capsule Liaison - - -  A t r ip  was made to Langley 
Resea rch  Center on September 14 and 15, 1967, to attend the final reviews 
by The Martin Marietta Company and the McDonnell-Douglas Company on 
the Phase  B Voyager Capsule studies. A one-hour presentation was  given 
to  the P&VE Voyager Working Group on the resu l t s  of the study, pointing 
out capsule design aspects  that would affect shroud and spacecraf t  design. 

Alternate Spacecraft Design Studies 

A final study of the 260-inch-diameter spacecraft  for the Mars  
Voyager mission was completed and resu l t s  were  presented to the P&VE 
Laboratory management and personnel. P r i m a r y  resu l t s  f rom the study 
were  a 260-inch-diameter spacecraf t  configuration and prel iminary 



spacecraf t  weights. Details of the configuration included pre l iminary  
s t ruc tura l  definition, astrionic and science payload location, and propul- 
sion system character is t ics .  The iner t  weight of the 260-inch-diameter 
spacecraf t  was shown to be lighter than the iner t  weight of the P&VE 
Voyager baseline configuration. The lighter spacecraf t  weight was the 
r e su l t  of lighter meteoroid protection, and pressurizat ion and s t ruc tura l  
sys tems weights. 

Coincident with the examination of the 260-inch-diameter 
Voyager spacecraft ,  the impact of this new spacecraf t  design concept on 
the "baseline" shroud was a s  se s  sed. Basically, the functions of the 
shroud a r e  unchanged; physically, the cylindrical length i s  reduced f rom 
45 feet  to 41 feet  and the gross  weight f rom 12,400 pounds to 10,170 pounds. 
The cylindrical sections a r e  of honeycomb sandwich construction and the 
nose cone i s  skin/s t r inger .  Separation and shroud interfaces a r e  simplified 
and the on-pad umbilicals attach directly to the spacecraf t  shell  without 
passing through the shroud, a s  i s  necessary  with the baseline configuration. 

Participation by the Divisions of the P&VE Laboratory is planned 
for  the next phase of the study of the 260-inch-diameter spacecraf t  and 
associated payload shroud. The p r imary  objectives of this effort will be 
to evaluate the character is t ics  of the 260-inch-diameter spacecraf t  and 
shroud concepts and compare these features  with those of the baseline 
concepts a lready proposed. Scope and schedule of this effort a r e  contin- 
gent on the funding level of the Voyager program and MSFC management 
decisions concerning future participation in the Voyager program. 

C. Vovaeer 1973 Orbiter Studv 

Due to the cr i t ical  funding for the Voyager program, cu r so ry  
studies in  the Laboratories of R&DO have been initiated a t  the request  of 
R-AS-A and R-TO to investigate the feasibility of performing an orbi ter  
mission (no lander)  in 1973, followed by the full Voyager mission in 1975, 
a s  originally planned. (This additional work load has necessitated tempo- 
r a r y  suspension of the in-house study of Voyager missions to Jupiter and 
Venus. ) 

In the orbi ter  study the launch vehicle configurations considered 
were  the Saturn V, the Saturn IB /MM, the standard Saturn IB and the 
Titan 111-M. The injection stages and spacecraf t  considered were  the 
Titan I11 Transtage, the Apollo Service Module, the Lunar Descent, the 
Centaur, the 1975 Voyager spacecraft  and i t s  derivatives.  In addition, a 
cu r so ry  analysis was conducted of a 5500-pound g ross  weight spacecraf t  



concept which would be capable of performing a minimum-effort Voyager 
orb i te r  mission in  1973. Configuration sketches showing the various stage 
and spacecraf t  concepts, along with stage weight est imates ,  were  prepared 
and submitted to R-AS-A and R-TO, and to R-AERO for performance 
evaluations. 

For  the 5500-pound spacecraft  design, the propulsion sys  tern 
utilized i s  s imi lar  in design to the secondary sys tem of the baseline 
1973 -75 Voyager spacecraft .  The thrus ters  chosen, which a r e  off -the - 
shelf -type hardware,  were  four beryllium 326 -pound-thrust Minuteman- 
post-boost velocity control engines, having performance s imilar  to that 
of the C-  1 engine. This engine i s  being built for the Air Force  and i s  
scheduled for qualification in April  1968. 

Spacecraft  system components which could be car r ied  over 
f rom the 5500-pound gross  weight spacecraf t  to a spacecraf t  designed 
for  the 1975 mission were  found to be pr imar i ly  the propulsion sys tem 
and the attitude control system. Components of these sys tems which 
could be car r ied  over were  the thrus ters ,  valves, and regulators .  

APOLLO APPLICATIONS PROGRAM 

I. Advanced S-IVB Workshop 

An Internal Note, IN-P&VE-A-67-4, "Advanced S-IVB Workshop 
Configuration Matrix," dated May 28, 1967, was published and distributed. 
This r epor t  presents  and evaluates various configurational approaches to 
Advanced S-IVB Workshops, including an Advanced S-IVB Spent Stage 
Station which represents  an extension of the basic  Cluster A Workshop 
capabilities and a ground-equipped non-propulsive S-IVB Workshop 
(Saturn V launched). 

A conceptual design of a hybrid Ea r ly  Orbital Space Station (EOSS) 
was  completed. This ground-assembled Saturn V-launched EOSS util izes 
the ea r ly  spent stage type subsystems (uprated for one-year l ifetime),  
along with "brute force' '  subsystems a s  backup. This concept would be 
a n  evolutionary step f rom Cluster A to a more  advanced orbital  space 
station. 

An analysis of subsystem failure modes for EOSS i s  being perforraed. 
The analysis i s  limited to the extent necessary  to provide a first i terat ion 



of cr i t ical  components of the subsystems, requirements for backup o r  
redundant sys tems,  alternate modes of ope rations, and maintenance and 
repa i r  requirements .  

A program review was presented a t  the September 6, 1967, P&VE 
Technical Seminar covering Advanced Spent Stage and EOSS mission 
designs.  

A computer program and analytical procedure has been developed 
for pre l iminary  design studies of active thermal  control systems applicable 
to conceptual design studies such a s  the Advanced S-IVB Workshop (EOSS). 
P re l imina ry  design data which can be obtained through use  of the program 
include radiator s ize,  weights and character is t ics ,  heat t ranspor t  fluid 
pumping requirements ,  heat exchanger and cold plate design requirements ,  
and sys tem weight and power requirements.  

I .  Integration 

A. Experiment Catalog 

A revised edition of the experiment catalog has been completed 
and i s  now being reviewed for accuracy. This volume represents  the 
l a t e s t  information on 4 11 AAP and advanced experiments designed for 
manned participation. Work i s  continuing on a supplementary volume 
containing 200 experiments proposed a s  appropriate for an  ea r ly  space 
station i n  the 1971-75 time f r ame  (EOSS experiments).  

B. EOSS Experiment Accommodation Studies 

EOSS system, mission, and experiment inputs have been 
provided Langley Research  Center (LaRC) s o  that initial baseline computer 
runs m a y  be made with their  space station math model. The initial r e su l t s  
of these runs should be available ear ly  in October 1967. 

A detailed analysis of the type of specific tradeoffs and pa ramet r i c  
data which can be derived f rom LaRC and ESCAPE outputs is now underway 
to allow effective utilization of the programs.  A pre l iminary  ESCAPE run  
analyzing a typical 14-day segment of a one-year mission has been made 
and the data a r e  being evaluated. 



111. Lunar Systems 

A. Mobility Test P rogram 

The cur rent  f reeze  of AAP funding indicates that the $4000 
(approximate) allotted to Tes t  Laboratory f rom the MTA Tes t  P r o g r a m  
for  t e s t  course construction may not be available. This and other problems 
indicate that no testing can take place before la te  November 1967. In 
addition, because wet or  frozen soil  cannot be used for  MTA testing, the 
t e s t  program may  be delayed until the Spring of 1968. 

Personnel  f rom this Office me t  with representat ives  of the 
Computation Laboratory and Test  Laboratory on the data reduction program 
for  the proposed MTA test  program. I t  appears  that the existing MTA 
data reduction programs a s  used a t  Aberdeen and Yuma Proving Grounds 
can, with minor modification, be used for both MTAs during the testing 
he re .  A new program,  however, will be required for the BECO LSSM 
Mock-up. The new program i s  being written and will be very  s imi lar  to 
the MTA data reduction programs.  

B. LSSM Program 

The mini-LSSM (a 75-per cent scale  LSSM with remote control 
capability) study, requested by I-S/AA l a s t  month, was completed e a r l y  
in  September 1967. F o r  this study i t  was assumed the vehicle could be 
remotely controlled f rom earth and would have a six-month l ifetime with 
only daylight operation. The study has  indicated that the use of specified 
LSSM subsys tems on a mini-LSSM resul t s  in an excessively heavy vehicle. 
The mini-LSSM can only be made feasible i f  the vehicle i s  composed of 
tailored components. The resul ts  of this study a r e  presented in  Memo- 
randum R-P&VE-AA -67- 134, dated September 14, 1967. 

ADVANCED PROGRAMS 

I. Launch Vehicles 

A. Kick Stage Study 

Documentation of the kick stage design study-has been temporari ly  
curtailed due to commitments to other projects of higher priority.  



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

In this study i t  was determined that hydrogen peroxide cannot 
pract ical ly  be used to regeneratively cool the pod engines; however, 
performance analyses a r e  being performed for other oxidizer /a lumkine 
combinations to determine the regenerative coolant and yet maintain the 
required performance. The use of alumizine a s  a monopropellant is a l so  
being considered. Pod pressurizat ion systems and p res su re  drops in  the 
propellant feedlines a r e  under investigation. Work i s  being continued by 
R-AERO-X to determine the performance, control, aerodynamic, and 
separat ion pa ramete r s  for the "660K Launch Vehicle." 

C. Launch Vehicle Handbook 

Due to the complexity of the computer programs involved in 
producing data for this handbook, a sea rch  i s  being performed for a m o r e  
simplified approach to the prel iminary design of launch vehicles. F o r  
the present ,  the original scope of the study has been reduced to the 
documentation of the computer programs that have been selected and 
checked out. At present,  a cursory  analysis of severa l  methods that can 
be utilized for rapid estimation of launch vehicle performance i s  underway. 

D. Stage Design for Personnel Transfer 

This study i s  continuing with the scope being broadened to 
investigate the performance advantage f rom stage maneuvers for escape 
f r o m  low ear th  orbi t  and for circularization a t  synchronous orbit. 
Previously the only maneuver conducted by the personnel t ranspor t  stage 
was deorbit  f rom synchronous orbit .  

E .  Saturn V Uprating Baseline Documents 

Preparat ion of the SA -520 and the SA -2  17 product improvement 
documents i s  proceeding. A problem which has developed to slow the 
i s sue  of both documents i s  the S-IVB stage weight savings when using the 
265K J -2s  engine. Information received f rom various sources i s  conflict- 
ing, since sys tem weight saving for the SA-520 vehicle S-IVB stage and 
the SA -2 17 vehicle S-IVB stage i s  not the same.  

F. Low-cost Launch Vehicle Study 

A detailed plan for the Advanced Systems Activity in-house 
study ef for t  on the Conceptual Design and Analysis portion of the subject 
s tudywas  completed. This study plan ref lects  the overall  objectives, 



philosophy, and ground rules  which have evolved over several  weeks of 
study characterization activities. The major tasks identified for the 
study have been aligned within three major phases. The initial phase 
involves tasks appropriate to f i r s t  i teration analysis and exploratory 
conceptual design studies, The second, or design and analysis phase, 
encompasses the bulk of the required conceptual design, parametr ic  
analysis,  and configuration selection effort envisioned for the study. 
The third, or definition phase, involves summary definition of the selected 
concept(s) in  respect  to configuration, performance, manufacturing, test ,  
quality, transportation, and launch operations plans. 

At present,  plans a r e  incomplete relative to ultimate phasing 
with the subject study effort, the complementary hardware fabrication, 
and tes t  activities planned under the management of Mr. B. Neighbors, 
R-AS-SP. 

Data inputs to the Low-cost Launch Vehicle Study include a 
weight scaling relation for stages of the launch vehicle, an estimate of 
stage gross  weight and propellant loading for two- and three-stage launch 
vehicle concepts, and a configuration of both two- and three-stage launch 
vehicle designs. These data inputs a r e  summarized in  Memorandum 
R-P&VE-AV-67-251, distributed to members of the Low-cost Launch 
Vehicle Working Group. 

Further  study of the vehicle concept has been initiated which 
will develop mathematical equations to describe the effects on vehicle 
performance of base recirculation, which derives f rom the shrouded 
multi-nozzle rocket vehicle configurations. Also, various methods of 
effecting attitude control, utilizing base flow and /or separate  attitude 
control nozzles, a r e  to be investigated. 

G. Saturn Utilization Study 

The Saturn Utilization Study has been accepted a s  an  in-house 
advanced systems activity to derive a method of providing prefer red  
launch vehicle designs in the 1970- 1985 time period. Hopefully, a defini- 
tion of launch vehicle networks will evolve f rom present  systems which 
can be determined to be cost effective in the fulfilling of mission require-  
ments imposed by a complete spectrum of mission objectives and yet be 
direct ly responsive to variations in emphasis on space program objectives. 

The study should initially develop potential transportation system 
networks and potential mission concepts in conjunction with the Integrated 
Long Range Plan. 



A computer program will be generated to a s s e s s  mission 
capabilities, define development schedules and costs,  and delineate 
minimum cost candidate evolutionary networks of Saturn sys tems to be 
utilized a s  a future comparison baseline. Competitive designs will be 
evaluated and missing fragments of their  evolutionary networks will be 
generated. A comparison of a l l  competing flight sys tems should include 
reuse / recovery  concepts a s  well a s  the resul ts  f rom the in-house low 
cos t  launch vehicle study. 

The actual product of this in-house activity should be a 
definitive, flexible mat r ix  of evolutionary transportation systems for 
probable mission models of the 1970-1985 period. I t  should descr ibe 
subsystem and sys tem commonality and note technological development 
evolutions and requirements  . 

Mr. William L. Corcoran (R-P&VE-AP) has been designated 
study manager  for  this effort and will  be supported by personnel f r o m  the 
Advanced Systems Office and the co-located Advanced Studies Offices. 

11. E a r t h  Orbital 

A.  Long-term Space Station 

A repor t  is currently being prepared documenting recent  
efforts on defining a long-term space station. The r epor t  will ref lect  
two major  efforts:  (1) the definition of an  open-ended f i rs t -generat ion 
long- te rm station with emphasis on experiment equipment and equipment 
operation'; and ( 2 )  prel iminary evaluation of a given station configuration 
to accommodate the mission and equipment defined. 

B. Common Mission Module (CMM) 

1. Requirements - - -  Efforts were  continued to define the 
planetary requirements  necessary  in  conducting the Common Mission 
Module definition study. These include typical mission charac ter i s t ics ,  
s y s  tems and subsys tems functional requirements,  environment definition, 
and scientific objectives c r i te r ia .  Once defined, the ma t r ix  of requirements  
will  be integrated with orbital  c r i t e r i a  to a r r i v e  a t  a common s e t  of miss ion  
module design requirements  . 

2. Configuration - - - Analyses of the CMM mat r ix  of configu- 
rat ions have continued. The major variables which influence the configu- 
rat ion were  defined in addition to some promising configurations. Structural 
analysis  has  indicated a preference for a 260-inch-diameter load-carrying 



shroud of ring frame/skin/stringer construction and internal pressurized 
compartments with ring frame/skin/stringer sidewall construction and 
flat  built-up bulkheads. Thermal analysis resul ts  indicate that thermal  
insulation requirements will be determined from planetary mission 
considerations while thermal control radiator design will be determined 
f rom the orbital mission considerations. In the power systems a r e a  
prel iminary analyses show a s  many a s  three separate  systems may be 
required to achieve the necessary reliability and redundancy f b r  a 
20,000-hour mission. Efforts a r e  not concerned s o  much with the power 
sys tem itself, but an  attempt i s  being made to establish cr i te r ia  for the 
selection of power systems.  Efforts have continued to determine what 
components or equipment a r e  available to satisfy the subsystems require-  
ments  for the CMM. Such a r e a s  a s  atmospheric supply, pressurization, 
purification of water,  waste management, e tc . ,  a r e  under investigation. 
A typical l i s t  of expendables has been compiled. 

111. Planetary Systems 

Integrated Manned Interplanetary Spacecraft Definition 

Personnel from this Office attended the Phase I1 briefing on 
the Integrated Manned Interplanetary Spacecraft definition study presented 
by The Boeing Company a t  Langley Research Center on September 7, 1967 
This phase of the study primari ly involved orbital and earth-launched 
vehicle system definitions. Operational requirements and costs were  
a l so  presented. The study is divided into three separate  phases and 
Boeing presented the resul ts  of Phase 11. During Phase I11 spacecraft  
systems will be investigated and an attempt will be made to select one 
potential mission candidate for more  detailed analysis. 

B. Manned Planetary Fly-by Study 

The final review of the Manned Planetary Fly-by studies 
performed by MDC was given a t  MSFC on September 6, 1967, and the 
final reports  have been distributed, thus completing the study effort. 

IV. General 

A. Development of SRT Requirements 

All columns of the matr ix format  covering systems and sub- 
systems requirements for  probable new manned space flight projects 
have been completed. Plans a r e  now being developed to use this same 



procedure for unmanned space flight projects.  In the near  future,  
representat ives  of the P&VE Divisions will be requested to participate 
in  this effort. 

B. Engineering Support to Integrated Long-range Plan 

Mission descriptions of severa l  proposed orbital  and planetary 
miss ions  have been generated by the Advanced Systems Office and these 
a r e  being used to define the hardware associated with these missions.  
The principal i tems thus f a r  defined a r e  the ear ly  one- to two-year space 
station and the two-stage Saturn V launch vehicle. The i tems of hardware 
to be fur ther  defined have been recently changed due to the in te r im resul t s  
of the long -range planning effort current ly underway. Definition of the 
grea ter  majori ty  of the orbital  and planetary hardware i s  expected by 
October 16, 1967. 

W e f ,  Advanced Studies o f f i c e  
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SATURN I B  

I n v e s t i g a t i o n  of the Corrosive Ef fec t s  of MIL-H-5606 Hydraulic O i l  

Tes t ing  has continued i n  the  comparison of t he  co r ros ive  e f f e c t s  of 
MIL-H-5606 A r e v i s i o n  hydraul ic  f l u i d  t o  two types of t he  B r e v i s i o n  
f l u i d .  Duplicate  samples of 4130 s t e e l  a r e  being exposed t o  t he  t h r e e  
f l u i d s  t o  provide f u r t h e r  da t a  on the  p a r t i c l e  l e v e l  i nc rease  i n  the  o i l s  
r e s u l t i n g  from exposure t o  low a l l o y  s t e e l s .  A l l  c o n s t i t u e n t s  of t hese  
t e s t s  were cleaned i n  accordance t o  MSFC-PROC-166C p r i o r  t o  exposure. 

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  eva lua t e ,  develop, 
o r  q u a l i f y  new adhesives f o r  use i n  the  Saturn program. 

1. I n v e s t i g a t i o n  of Polyurethane Adhesives 

Specimens bonded wi th  7343/MOCA under c o n t r a c t  NAS8-11958 
f o r  long term aging were t e s t e d  a f t e r  e i g h t  months ambient outdoor 
s t o r a g e .  To d a t e ,  only minor l o s ses  i n  bond s t r e n g t h  a r e  noted i n  those 
specimens primed wi th  s i l a n e  and bonded with an adhesive mix conta in ing  
s i l a n e  coupling agen t s .  For unprimed con t ro l  specimens wi th  no s i l a n e  
coupl ing  agent  i n  t he  adhesive,  s t r e n g t h  l o s s  i s  somewhat g r e a t e r ,  b u t  
t he  t rend  i s  inconclus ive .  



Previous screening  experiments have shown t h a t  a t  room 
tempera ture ,  good l apshea r ,  t e n s i l e ,  and T-peel s t r eng ths  were obta ined  
from the  polyurethane blend: 50 g Adiprene L-100; 50 g Adiprene L-315; 
1 . 0  g 2-6040; 22.2 g Curalon L.  The Adiprene L-315 i s  added t o  confer  
increased  room temperature s t r e n g t h  beyond t h a t  obtained wi th  L-100 
(Narmco 7343) a lone .  Curalon L must then be s u b s t i t u t e d  f o r  MOCA s i n c e  
t h e  l a t t e r  cures  L-315 too r a p i d l y  f o r  p r a c t i c a l  a p p l i c a t i o n .  Adherends 
bonded wi th  t h i s  adhesive mixture were t e s t e d  a t  t h ree  temperatures with 
t h e  r e s u l t s  shown below: 

Temperature,  OF (OC) Lapshear S t rength ,  p s i  T-peel S t r eng th ,  piw 

It i s  ev iden t  t h a t  these  blended adhesives deserve f u r t h e r  i n v e s t i g a t i o n ,  
and these  s t u d i e s  w i l l  be cont inued.  

Various 2-6020 and 2-6040 priming t reatments  have been app l i ed  
t o  aluminum adherends which were then  s to red  under vary ing  time and environ-  
mental cond i t i ons  p r i o r  t o  bondmg. S t rength  of the  f i n a l  adhesive bond 
d e t e r i o r a t e d  s i g n i f i c a n t l y  a s  the  age of t he  primer t reatment  increased .  
The 2-6020 primer was more age s e n s i t i v e  than the  2-6040 t rea tment .  

F la twise  t e n s i l e  composite specimens were prepared us ing  Mylar 
s h e e t  and aluminized Mylar s h e e t ,  each bonded between aluminum blocks wi th  
t h e  Narmco 7 3 4 3 / ~ 0 ~ A  adhesive system. The purpose of t h e  experiment was t o  
e v a l u a t e  t he  u t i l i t y  of t he  s i l a n e  coupling agent ,  2-6020, primer system 
on each of these  f i l m s .  Addi t iona l ly ,  adhesive mixes w e r e  prepared both 
wi th  and wi thout  s i l a n e  coupling agent  2-6040 a d d i t i v e .  Resul t s  of t hese  
t e s t s  showed t h a t  s i l a n e  coupling agents ,  whether used a s  primers o r  a s  
i n t e g r a l  a d d i t i v e s  i n  t h e  adhesive system, appear somewhat of a detr iment  
i n  bonding opera t ions  wi th  e i t h e r  of the f i lms  t e s t e d .  Average va lues  
wi thout  s i l a n e  primer o r  a d d i t i v e  were 1490 p s i  (Mylar) and 969 p s i  
(aluminized Mylar).  Use of s i l a n e s  lowered these  va lues  by 1 0  t o  20 pe rcen t .  

These r e s u l t s  wi th  s i l a n e  add i t i ves  f u r t h e r  confirm t h a t  the  
improved h igher  temperature performance obtained by us ing  these  agents  i n  
conjunct ion  wi th  the  polyurethanes t o  bond aluminum adherends is  a b e n e f i t  
t h a t  so  f a r  appears  r e s t r i c t e d  t o  aluminum adherends. 

S t r i p s  of s i l k  and n y l ~ n  c l o t h ,  each of an open weave t e x t u r e  
have been eva lua ted  a s  r e i n f o r c i n g  ma te r i a l s  i n  bondlines of lapshear  
t e n s i l e  and T-peel specimens bonded wi th  Narmco 7 3 4 3 / ~ 0 C ~  adhesive systems. 
Thickness of Nylon was 5-mil, s i l k  was 3-mil, while  g l a s s  beads of 3-6-mil 
diameter  were used i n  a con t ro l  s e r i e s .  Adhesive mixes were made wi th  and 



wi thou t  1 . 0  percent  2-6040 a d d i t i v e .  Resu l t s  showed t h a t  use  of s i l k  o r  
nylon c l o t h  d i d  n o t  appear t o  improve bond s t r e n g t h  beyond t h a t  ob ta ined  
i n  t h e  c o n t r o l  series i n  e i t h e r  l apshear  o r  T-peel con f igu ra t i ons .  Use 
of  2-6040 was b e n e f i c i a l  i n  every c a s e ,  bu t  t he re  was no i n d i c a t i o n  a t  a l l  
t h a t  t h e  f a b r i c s  con t r ibu t ed  t o  any improvement i n  adhesive bond c h a r a c t e r i s t i c s .  

I n v e s t i g a t i o n  of Polyurethane - Epoxy Blends 

S tud ie s  have cont inued i n  the  eva lua t ion  of a  urethane-epoxy 
blend c o n s i s t i n g  of Narmco 7343 urethane and S h e l l ' s  Epon 828. 

The purpose of t h e  most r e c e n t  experiments was t o  determine 
t h e  optimum cure  time a t  160°F (71°C) f o r  t he  two formula t ions :  (1)  50 g  
7340, 50 g  828, 30 g  MOCA, and (2) 85 g  7343, 15  g 828, 15  g  MOCA. A 
f u r t h e r  comparison was made of t h e  performance of t he se  formula t ions  both 
w i t h  and wi thout  1 . 0  percent  2-6040 a d d i t i v e .  For formulat ion ( I ) ,  optimum 
performance was a t t a i n e d  a f t e r  a  cure  of 5  days a t  160°F (71°C), bu t  t he  
l a r g e  epoxy con ten t  con t r ibu t ed  t o  a  poor peel  s t r e n g t h .  For formula t ion  
(2)  a  c u r e  of 160°F (71°C) f o r  7 t o  1 0  days was r equ i r ed  t o  give good 
bond s t r e n g t h s  t h a t  were n o t  improved by longer  c u r e s .  Use of t he  2-6040 
s i l a n e  a d d i t i v e  d i d  n o t  improve the  bond s t r e n g t h s  of t he se  b l ends .  
Formulat ion (2)  y i e lded  a  room temperature average lapshear  t e n s i l e  s t r e n g t h  
of 2482 p s i  and T-peel s t r e n g t h  of 72 piw, t he se  r e s u l t s  show good p rospec t s  
f o r  s t r u c t u r a l  a p p l i c a t i o n s  ahd w i l l  be developed f u r t h e r .  

B .  Development and Evaluat ion of P o t t i n g  Compounds and Conformal Coat ings 

Continued e f f o r t  has  been devoted t o  the  development of s p e c i a l i z e d  
polymeric m a t e r i a l s  f o r  t h e  encapsula t ion  of e l e c t r o n i c  hardware.  The 
primary emphasis du r ing  t h i s  r e p o r t i n g  per iod was d i r e c t e d  toward polymeri- 
z a t i o n  s t u d i e s  of epoxysiloxane polymer in te rmedia tes  f o r  u l t i m a t e  conversion 
i n t o  embedment compounds, and on eva lua t ion  of polybutadiene-modified 
u re thane  conformal coa t ings .  

Development of Epoxysiloxane Embedment Ma te r i a l s  

The e f f o r t s  of t h i s  program have l ed  t o  development of epoxy- 
s i l o x a n e  polymer precursors  con ta in ing  one t o  f i v e  dimethyls i loxane groups,  
-Si(CH3)20-. A t  t h e  h ighe r  s i l oxane  group concen t r a t i on ,  t he  non-polar 
n a t u r e  of t h e  in te rmedia tes  begins  t o  predominate t o  t he  e x t e n t  t h a t  s e v e r a l  
commonly used amine cu r ing  agen t s ,  such a s  m-phenylenediamine and m- 
xylylenediamine,  no longer  form compatible,  homogeneous b lends .  Thus, a  
s e r i e s  of amine cu r ing  agents  was prepared which contained 1 t o  3  dimethyl-  
s i l oxane  groups. The prepara t ions  were c a r r i e d  ou t  by t he  a d d i t i o n  of 
sublimed p-amino phenolm benzene t o  r e f l u x i n g  benzene s o l u t i o n s  of b i s -  
(dimethy1amino)dimethylsilanes a s  i nd i ca t ed  i n  t h e  fol lowing equa t ion :  



Bis (1-aminophenoxy)dimethylsilane, i n  which case  "n" i n  t h e  
above i l l u s t r a t i o n  i s  zero ,  was an off-white  s o l i d ,  melt ing a t  63-64°C. 
1,3-Bis(~-aminophenoxy)tetramethyldisiloxane, where n-1, was an amber 
l i q u i d  d i s t i l l i n g  a t  178-180°~/0 .18  t o r r .  1,5-Bis(p-aminophenoxy)- 
hexamethyl t r i s i l o x a n e ,  where n=L, was a l s o  an amber l i q u i d ,  d i s t i l l i n g  
a t  215-220°c/0.2 t o r r .  These amines formed homogeneous s o l u t i o n s  wi th  
t h e  epoxysi loxanes.  The so lu t ions  polymerized r e a d i l y  a t  100°C t o  y i e l d  
tough thermoset polymers. Q u a l i t a t i v e  comparison of these  c ross l inked  
polymers wi th  those formed by t h e  use  of m-phenylenediamine ind ica ted  
t h a t  the  new ma te r i a l s  possessed g r e a t e r  Toughness and f l e x i b i l i t y  a t  
room temperature.  Evaluat ion of e l e c t r i c a l  p rope r t i e s  of polymers cured 
wi th  the  experimental  amines w i l l  be i n i t i a t e d  a s  l a r g e r  q u a n t i t i e s  of t he  
amine cu r ing  agents  a r e  prepared.  

2. Development of Conformal Coating Mater ia l s  

Evaluat ion s t u d i e s  have continued on the  modified urethane 
polymer prepared from hydroxyl-terminated polybutadiene (molecular weight 
of  2500) and toluene-2,4-diisocyanate. An es t ima te  was made of the  moisture 
r e s i s t a n c e s  a t  25OC and 90°C. The specimens gained 0.2 percent  by weight 
by immersion i n  water  a t  25°C f o r  24 hours .  An acce l e ra t ed  t e s t  involved 
exposure of t he  specimens t o  condensing steam a t  90°C f o r  l b u r .  This  
r e s u l t e d  i n  a weight ga in  of 0.03 percent .  

Four three- inch diameter specimens of t h i s  polymer have been 
f a b r i c a t e d  f o r  measurements of d i e l e c t r i c  s t r e n g t h  and i n s u l a t i o n  r e s i s t a n c e .  
E f f o r t s  a r e  being made t o  ob ta in  modulus e s t ima te s  of t he  polymer a t  -60°C 
by the  Clash-Berg method. 

C .  I n v e s t i g a t i o n  of Spring F a i l u r e s  i n  Hydraulic Enqine Actuators  

Spring f a i l u r e s  have occurred i n  f i v e  S-IC s t a g e  t h r u s t  vec to r  
c o n t r o l  s e rvoac tua to r s  manufactured by Hydraulic Research and Manufacturing 
Compaqy . Three "clocktt  spr ings  and two "wave" washer s p r i n g s ,  made of 
17-7PH s t a i n l e s s  s t e e l  and h e a t  t r e a t e d  t o  t he  TH 1050 and RH 950 cond i t i on  
r e s p e c t i v e l y  comprise the  f a i l e d  sp r ings  t o  d a t e .  Metal lographic and 



f r a c t o g r a p h i c  a n a l y s i s  of one "clock" s p r i n g  and one "wave" s p r i n g  i n d i c a t e  
t h a t  t h e  f a i l u r e s  r e s u l t e d  from s t r e s s  cor ros ion  cracking.  Specimens of a  
"C" r i n g  conf igu ra t ion  were made from segments of a  broken s p r i n g  and loaded 
t o  t e n s i l e  va lues  equal  t o  t h e  loads experienced by t h e  i n s t a l l e d  s p r i n g s .  
Two of t he  "C" r i n g  specimens f a i l e d  i n  22 hours and t h e  t h i r d  i n  36 hours 
of a l t e r n a t e  immersion t e s t i n g  i n  a sodium ch lo r ide  (NaCl) s o l u t i o n .  
S i m i l a r  specimens made from "good" sp r ings  have withstood over 700 hours 
i n  t he  same environment wi thout  f a i l i n g .  Fractographs of t he  "C" r i n g  
f r a c t u r e s  s imula te  very  c l o s e l y  the  f rac tographs  made of t he  f a i l e d  s p r i n g  
f r a c t u r e s .  S tudies  a r e  cont inuing  on new sp r ings  f a b r i c a t e d  wi th  c l o s e r  
q u a l i t y  c o n t r o l  wi th  both types of spr ings  h e a t  t r e a t e d  t o  the  TH 1050 
cond i t i on .  "C" r i n g s  made from the c lock  type sp r ing  (TH 1050) a r e  being 
t e s t e d  a t  s t r e s s  loads of 180 and 120 k s i .  Coiled sp r ings  i n  t he  CH 900 
cond i t i on  were loaded by depress ing  them t o  the  maximum l i m i t .  Wave sp r ings  
were depressed t o  112 of the  o r i g i n a l  wave displacement (wave displacement - 
0.150 inch ) .  F l a t  t e n s i l e  specimens a r e  being prepared from 17-7PH cond i t i on  
C s h e e t  and w i l l  be aged t o  CH 900. These specimens w i l l  be loaded t o  75 
and 100 percent  of the  y i e l d  s t r eng th  and exposed i n  t he  a l t e r n a t e  immersion 
t e s t e r .  Recommendations were made t o  As t r ion ic s  Laboratory t o  i n v e s t i g a t e  
a  d i f f e r e n t  s p r i n g  ma te r i a l  (A-286, 302 s t a i n l e s s  s t e e l  o r  Inconel 718). 

11. Contrac t  Research 

During t h i s  r e p o r t  per iod ,  Sa turn- re la ted  support ing r e sea rch  a c t i v i t i e s  
have cont inued i n  t h e  f i e l d s  of technology wi th  t h e  con t r ac to r s  and under 
c o n t r a c t  numbers l i s t e d  below. 

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

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

B .  Development of Cryogenic and Hiph Temperature I n s u l a t i o n  Mate r i a l  

Goodyear Aerospace Corporat ion,  NAS8-11747 

C .  Analy t ica l  Methods Development 

Beckman Instruments ,  Incorpora ted ,  NAS8-11510 

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

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

E . Nondestructive Tes t ing  Techniques 

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



111. S- I1  Stage 

A .  I n v e s t i g a t i o n  of F rac tu re  Toughness of 2014-T6 Aluminum Alloy 
Weldments 

Inves t iga t ions  have continued i n t o  the  f r a c t u r e  toughness of 
S - I 1  s t a g e  weldments a t  temperatures down t o  -423°F (-253°C). Tes t s  
have been made on weld specimens of 112 inch thickness  from the  S- I1  
common bulkhead t e s t  tank t o  determine toughness of t he  a l l  weld metal 
and h e a t  af f ec t ed  zones. These t e s t s  were made a t  room temperature 
-320°F (196°C) and -423°F (-253OC). A KIC va lue  of 16 .1  k s i  ( i n c h ) i / 2  
was obta ined  a t  -423°F (-253°C). Addit ional  welds of one-inch th ickness  
have been prepared i n  2 0 1 4 - ~ 6 / ~ 1 ~ - 2 3 1 9 .  These specimens w i l l  be used i n  
t h e  development of supplemental d a t a  r e l a t i v e  t o  t he  t rend  of KIC wi th  
decreas ing  temperature.  

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

A s e r i e s  of specimens was prepared t o  eva lua t e  the  e f f e c t s  
of age of the  primed su r f ace  on bond s t r e n g t h  of spray  foam t o  the  
primed tank wa l l  of t he  S - I1  s t a g e .  These specimens were prepared 
by spray foaming onto aluminum su r faces  which were primed wi th  2-6020 
primer and aged 1, 4 ,  7 ,  14 and 21 days before  a p p l i c a t i o n  of t he  foam. 

Samples were prepared from both Nopco BX 250 and Upjohn 368-2 
foam a t  each age cond i t i on .  No t rends  a t t r i b u t a b l e  t o  aging a r e  
d i s c e r n i b l e  t o  d a t e ,  although the  f i n a l  37-day specimens have n o t  y e t  
been prepared.  Both Nopco and Upjohn products gave s t r e n g t h s  i n  t h e  
46-50 p s i  range a t  both 1 day and 21 days.  Values i n  t he  22-23 p s i  
range were obtained a t  14 days bu t  spray condi t ions  on t h a t  day were 
unfavorable  (95OF (35°C) and 51 percent  r e l a t i v e  humidi ty) ,  i n  c o n t r a s t  
t o  an average 80°F (27OC) and 40 percent  r e l a t i v e  humidity on o t h e r  
days.  Th i s  confirms a  need f o r  con t ro l l ed  humidity and temperature 
dur ing  spray  foam a p p l i c a t i o n .  

E f f o r t s  a r e  cont inuing  i n  the  eva lua t ion  of m a t e r i a l s  f o r  
coa t ing  the  e x t e r i o r  of t he  spray  foam i n s u l a t i o n .  Coatings eva lua ted  
dur ing  t h i s  r e p o r t  per iod inc lude  Thermolag EX-192-2 whi te  epoxy top  
c o a t  , Vita-Var PV-100 thermal con t ro l  coa t ing ,  General E l e c t r i c  RTV 
602 s i l i c o n e ,  Dow Corning DC 92-007 thermal con t ro l  p a i n t ,  Narmco 7343 
s e a l  coa t ing ,  and Dow C a n i n g  RTV 531 s i l i c o n e .  

C .  Evaluat ion of Nondestructive Techniques f o r  Examining Composite 
Ma te r i a l s  

Severa l  very e f f e c t i v e  methods of eva lua t ing  complex composite 
m a t e r i a l s  have been developed. Recent work i n  t h i s  a r ea  has been d i r e c t e d  
toward the  nondes t ruc t ive  eva lua t ion  of aluminum-£ oam composite m a t e r i a l s  
which a r e  t o  be used f o r  the  S- I1  s t a g e .  

A c t i v i t i e s  have cont inued i n  the adapta t ion  of t he  "Resonant 
Foam Coupler" t o  f i e l d  i n spec t ion  of t he  spray foam on S-I1 tanks .  
Experiments a r e  i n  process  with the coupler  t o  determine the  f requencies  
and energy l e v e l s  b e s t  f o r  t he  var ious  metal and foam th icknesses  of 
i n t e r e s t  . 



R e a l i s t i c  a r ea s  of debond a r e  very d i f f i c u l t  t o  s imula te  i n  low 
d e n s i t y  toam-aluminum composites.  The a p p l i c a t i o n  of h e a t  t o  t he  metal 
w i l l  produce debonds. However, h e a t  induced damage t o  t h e  foam r e s u l t s  
i n  misleading i n d i c a t i o n s .  Grease appl ied  t o  t h e  metal before  spray ing  
causes  a  po r t i on  of t h e  foam t o  become very r i g i d .  Although a  debond 
e x i s t s ,  poor i n d i c a t i o n s  a r e  ob ta ined .  Teflon s h e e t s  can u s u a l l y  be 
d e t e c t e d ,  bu t  a r e  pressure  s e n s i t i v e  and n o t  too r e a l i s t i c .  Metal pane ls  
have been designed conta in ing  plugs t h a t  may be twis ted  o r  r o t a t e d  subse- 
quent t o  a p p l i c a t i o n  of t h e  foam. Subsequent t o  t he  foam sprayifig opera-  
t i o n  t he se  plugs w i l l  be twis ted  very c a r e f u l l y  t o  avoid breaking t h e  
loam except  a t  t h e  bond l i n e .  This  procedure should s u f f i c e  t o  g ive  a  
s t anda rd  f o r  eva lua t ion  of t h e  developed in spec t ion  technique.  

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

F a i l u r e  a n a l y s i s  was completed of one of t he  f a i l e d  Hy-lock 
aluminum f a s t e n e r s  t h a t  f a i l e d  on an S - I 1  i n t e r s t a g e  t e s t  s t r u c t u r e  
be ing  eva lua ted  by the  S t r u c t u r e s  D iv i s ion .  Both f r ac tog raph ic  and 
meta l lographic  s t u d i e s  i n d i c a t e  t h a t  t he  f a i l u r e  of t he  f a s t e n e r s  
r e s u l t e d  from an overload shear  mode. The ma te r i a l  hardness  i n  both 
t h e  f a i l e d  f a s t e n e r  and s i m i l a r  un fa i l ed  f a s t e n e r s  m e t  ma te r i a l  hardness  
s p e c i f i c a t i o n s .  No m e t a l l u r g i c a l  i r r e g u l a r i t i e s  were found. 

E .  S - I 1  S tage ,  P r o j e c t  Management, Ma te r i a l s  

E f f o r t s  have continued i n  t h e  coord ina t ion  and r e s o l u t i o n  of 
problem a reas  of a  m a t e r i a l s  n a t u r e  r e l a t e d  t o  t h e  S - 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 the  fo l lowing .  

1. I n v e s t i g a t i o n  of A p p l i c a b i l i t y  of MIG Pulsed-Arc Welding 
Process f o r  Cyl inder  - Bulkhead J o i n t s  

A meeting was he ld  a t  t he  s t a g e  c o n t r a c t o r ' s  f a c i l i t y  t o  
determine i f  M I G  pulsed-arc  could be used t o  weld the  j o i n t  of cy l inde r  
6 t o  LH2 ( l i q u i d  hydrogen) bulkhead on the  S-11-8 s t a g e .  North American 
Avia t ion ,  Space D iv i s ion  (NAA~SD) had completed approximately 90 percent  
of  t h e  d e s i r e d  weld test  program, involv ing  some 400 test  specimens, p r i o r  
t o  t h i s  meeting. The d a t a  were reviewed, and i t  was concluded by a l l  
p a r t i e s  t h a t  t he  d a t a  d i d  n o t  war ran t  a  dec i s ion  t o  weld t h e  S-11-8 
j o i n t .  It was recommended t h a t  NAA/SD complete the  remaining test 
program and then make a d d i t i o n a l  s t u d i e s  t o  eva lua t e  a  modified j o i n t  
con f igu ra t i on  ( t o  be conducted a t  the  r eques t  of NAA/SD Q&RA (Qual i ty  
and R e l i a b i l i t y  Assurance) f o r  h igher  r e l i a b i l i t y  of weld p e n e t r a t i o n ) .  
A f i n a l  review of t h i s  welding process  i s  scheduled f o r  October 16 ,  1967. 

2 .  Spray Foam I n s u l a t i o n  T e s t  Tank 

Another Thor tank has been procured f o r  t e s t i n g  of t he  sp ray  
foam i n s u l a t i o n  under cryogenic  temperatures a t  1 . 3  times ground l i m i t  
p r e s s u r e .  The McDonnell Douglas Corporat ion (MDC) w i l l  i n s p e c t  t h e  tank  
and c e r t i f y  t he  pressure  l i m i t .  Del ivery t o  NAA/SD, Sea l  Beach, is  
expected October 17 ,  1967. Subsequent t o  tank p repa ra t i ons  a t  Sea l  Beach, 



t h e  tank w i l l  be shipped t o  MDC, Sacramento (approximately November 20, 1967) .  
A t  t h e  Sacramento t e s t  f a c i l i t y  approximately two weeks a r e  r equ i r ed  t o  
prepare  f o r  cryogenic  t e s t i n g ,  thus t he  program w i l l  n o t  be c o m ~ l e t e d  u n t i l  
December 30, 1967. 

3 .  T e s t i n g  and Evalua t ion  of 1.6-Inch I n s u l a t i o n  

Attempts t o  perform a cryogenic  blowdown t e s t  on S-11-3 p r i o r  
t o  t he  f i r s t  s t a t i c  f i r i n g  were unsuccess fu l  because t he  s p e c i a l l y  designed 
i n - f l i g h t  v e n t  caps f a i l e d  t o  r e l e a s e .  For t he  second s t a t i c  f i r i n g  another  
tes t  was conducted, t h i s  time t h e  s p e c i a l l y  designed s p r i n g  loaded caps 
were t i e d  back and the  r e g u l a r  i n - f l i g h t  caps were used. The t ie -back  
f a i l e d  on one of t he  s p r i n g  loaded caps prevent ing the  i n - f l i g h t  cap from 
be ing  r e l e a s e d ,  thus t h i s  test a l s o  was inadequate .  

Another problem encountered wi th  t h e  i n s u l a t i o n  i n  both f i r i n g s  
was t he  i n a b i l i t y  t o  a t t a i n  t he  4 .0  p s i  p ressure  i n  t he  s idewal l  wh i l e  
f i l l e d  w i t h  cryogen. There were many explana t ions  f o r  t h i s  cond i t i on ,  some 
po in t ing  t o  GSE, o t h e r s  t o  s idewal l  l e aks  and t o  pressure-volume-temperature 
changes.  The most probable explana t ion  appears t o  be t h a t  t he  s idewa l l  
purge i s  l eak ing  i n t o  t h e  No. 1 c y l i n d e r  through the  "Z" s e a l .  Th i s  type  
of  l e a k  could occur  wi thout  d e t e c t i o n .  Fu r the r  work i s  expected a t  Kl'F t o  
p o s i t i v e l y  d e f i n e  t h e  problem. 

4 .  I n v e s t i g a t i o n  of Weld Cracks i n  S-11-7 

During pos t  pneumostatic i n spec t ion  of S-11-7, two t r a n s v e r s e  
weld c racks  were discovered i n  t he  LH2 t ank .  

The f i r s t  c rack  was revea led  by dye pene t r an t  i n spec t ion  i n  
t h e  weld j o i n i n g  cy l inde r  5 t o  6  a t  v e r t i c a l  weld s p l i c e  No. 1. Th i s  was 
a  through c rack  measuring 114-inch long on the  inboard s i d e  and 118 inch 
long  on t h e  outboard s i d e .  By rad iographic  examination the crack 
measured 112 inch long .  The c rack  occurred i n  t he  mi l led  down c i r cumfe ren t i a l  
weld land  s e c t i o n ,  a t  t he  s t a r t  of t h e  r a d i u s  i n  t he  0.160 inch t o  0.299 
inch t r a n s i t i o n .  It d id  n o t  appear t o  extend i n t o  t h e  base metal .  The 
c rack  connected wi th  a  sha rp  pore i n  t h e  0.160 inch th i cknes s .  

A s  a  s a f e t y  precaut ion ,  a l l  o t h e r  weld c ros s  overs  were r a d i o -  
graphed and a s  a  r e s u l t  a  second t r ansve r se  weld c rack  was found a t  v e r t i c a l  
s p l i c e  No. 2  i n  c y l i n d e r  3  t o  4 .  A second dye pene t ran t  i n spec t ion  was made 
i n  t h i s  a r ea  bu t  t h e  c rack  could n o t  be p o s i t i v e l y  i d e n t i f i e d ,  a l though i t  
was r epo r t ed  t o  have a  j o i n t  i n d i c a t i o n .  (This is being inves t i ga t ed  f u r t h e r . )  
Th i s  c rack  occur red  i n  t h e  same l o c a l e  as  t h e  o t h e r  crack but  a t  t h e  bottom 
of  a  t a p e r  which was employed f o r  ma te r i a l  th ickness  t r a n s i t i o n  r a t h e r  t han  
t h e  r a d i u s  t r a n s i t i o n  a s  be fo re .  The c rack  measured 114 inch long on t h e  
rad iograph  and showed no s i g n  of o t h e r  flaws (po ros i t y ,  ox ide ,  e t c  .) i n  t h e  
a r e a .  

A t  t h e  weld land th ickness  t r a n s i t i o n  of a l l  weld c ros sove r s ,  
t h e r e  i s  a  c h a r a c t e r i s t i c  dimple t r ansve r se  t o  t h e  weld, running completely 
ac ros s  t h e  c i r c u m f e r e n t i a l  weld lands .  This  dimple,  probably due t o  y i e l d i n g ,  
i s  e v i d e n t  on the  inboard and outboard s i d e .  



The s tage contractor is proceeding to reinspect  and evaluate a l l  
o ther  stages having t h i s  milled down weld land design. This excludes 
S-11-501. Further, they a r e  making laboratory tests of various weld land 
configurations,  conducting a f rac ture  mechanics analysis and invest igat ing 
various weld repa i r  procedures. Copies of the  investigation w i l l  be furnished 
to  t h i s  divis ion.  

I V .  S-IVB Stage 

A. Study of Materials Problems Attendant t o  the S-IVB Workshop Program 

1. Study of Flammability of Materials 

Investigations have continued with support from Test  Laboratory 
i n  the study of the flammability hazard of aluminum f o i l  covered S-IVB 
insulat ion.  Standard 3-foot diameter samples a re  used i n  a l l  t e s t s .  The 
samples a re  flanged to  a 3-foot diameter by 5-foot test tank. The tank is 
placed i n  a vacuum chamber, evacuated, and back-filled with gaseous oxygen 
to  5 to 5.7 psia flowing oxygen. A nichrome wire i s  used t o  ign i te  the  

\ samples. The i gn i t e r  i s  placed over the damaged area 118 to  1116-inch 
away from the foam. The power used fo r  the i gn i t e r  is 21 vo l t s  a t  9 amps. 
Additional t e s t s  have been made using the  5 and 3-mil aluminum f o i l  covering 
over the insulation as a f i r e  re tarding medium. The r e s u l t s  of 8 t e s t s  with 
the  5-mil aluminum indicate  t ha t  the maximum burn diameter with the 5-mil 
aluminum f o i l  is  approximately 5 inches under the conditions of t h i s  t e s t  
procedure. The preliminary r e su l t s  of 7 t e s t s  using the 3-mil aluminum 
f o i l  indicate t ha t  the maximum burn diameter on 5 of the samples was the  
same as the  5-mil aluminum f o i l .  One sample ignited and burned i n  the same 
manner as the 2-mil l i n e r .  One other 3-mil aluminum f o i l  sample ignited and 
burned over an area approximately 6-8 inches i n  diameter. In  the l a t t e r  two 
samples the burning propagated up the lap  seam of the aluminum f o i l  l i n e r .  
Two 2-mil l i ne r s  with the thermal control coating manufactured by McDonnell 
Douglas Corporation were evaluated. The maximum burn diameter was 4-5 inches. 
Additional t e s t s  a re  scheduled t o  evaluate fu r ther  the e f f e c t  of l i n e r  thickness 
on the flammability of S-IVB insulation.  

During t h i s  repor t  period approximately twenty-five addit ional 
materials  were evaluated f o r  flammability i n  accordance with the new 
provisions of MSC-A-D-66-3, Revision A, "Procedures and Requirements fo r  the 
Evaluation of Spacecraft Non-Metallic Materials." An examination of these 
data  reveals tha t  the flame propagation r a t e  of 0.3-inchlsec as specif ied 
i n  MSC-A-D-66-3 is very l i b e r a l .  Most ordinary organic materials w i l l  
meet t h i s  requirement when tes ted i n  a thickness of 0.032-inch o r  g rea te r .  
In  view of the above data,  consideration i s  being given to  wri t ing a MSFC 
flammability specif icat ion i n  which the allowed flame propagation r a t e  f o r  
mater ia ls ,  when ignited a t  the top, w i l l  be made morerestrict ive and i n  
which allowed materials area exposure is specif ied.  



2 .  Study of t h e  Outgassing Charac te r i s t i c s  of Orb i t a l  Workshop 
Mater ia l s  

A c t i v i t i e s  have continued i n  the determinat ion of the  outgassing 
r a t e  of helium from wi th in  the  S-IVB f u e l  tank i n s u l a t i o n .  A sample of 3-D 
i n s u l a t i o n  was f i r s t  evacuated to  6.5 x 10-6 t o r r  a t  room temperature u n t i l  
t h e  r e s i d u a l  gas ana lys i s  indica ted  t h a t  the  outgassing r a t e  was i n  equ i l ib r ium 
wi th  t h e  pump speed. The chamber was back f i l l e d  wi th  one atmosphere of 
helium and the  in su la t ion  specimen was allowed t o  soak i n  t h i s  environment 
f o r  24 hours .  The chamber was then f lushed with n i t rogen  t o  allow f a s t e r  
s t a r t  up of the  'Vac Ion Pump." I n i t i a l  d a t a  i n d i c a t e  t h a t  the  helium 
entrapped i n  the  in su la t ion  i s  removed wi th in  24 hours a t  room temperature. 
Due t o  the  poor e f f i c i e n c y  of the  'Vac Ion Pump" t o  remove helium, i t  was 
decided t o  employ a d i f f u s i o n  pumped system. These tests a r e  i n  progress .  
It should be noted t h a t  t h e  above tests do n d s i m u l a t e  t h e  LH2 tank environ- 
ment because the  i n s u l a t i o n  w i l l  be exposed t o  LH2 temperatures which w i l l  
in f luence  the  permeation-diffusion process.  

A t  the  r eques t  of the  Manned Spacecraft  Center (MSC), ma te r i a l s  
f o r  t h e  O r b i t a l  Workshop a re  being evaluated under more s t r i n g e n t  t e s t  
condi t ions  f o r  p o t e n t i a l  hazard from outgas products.  One sample each of 
a n  epoxy f i b e r g l a s s  bracket  coatekl with beyswax mold r e l e a s e  compound and 
Tef lon  TFE hea t  shr inkable  tubing were evaluated i n  vacuum, 10-7 t o r r ,  a t  
70°C (155°F) f o r  72 hours .  Neither  mater ia l  showed any weight l o s s  dur ing  
t h e  72-hour t e s t  per iod .  

B.  I nves t iga t ion  of Passive Thermal Control Coating 

Work was undertaken to  determine a f e a s i b l e  method of measuring t h e  
thickness of the thermal con t ro l  coa t ing  which has been proposed f o r  c o n t r o l l i n g  
t h e  emiss iv i ty  of the  workshop i n t e r i o r .  D i f f i c u l t y  i n  measuring t h e  coa t ing  
th ickness  stems from the  f a c t  t h a t  the  coa t ing  s u b s t r a t e  i s  non-magnetic and 
t h a t  i t s  su r face  is uneven because of s l i g h t  pro t rus ions  of the  ends of  t h e  
f i b e r g l a s s  reinforcement i n  the 3-D i n s u l a t i o n .  The "Dermitron," a non- 
d e s t r u c t i v e  thickness t e s t e r  which is  an eddy-current measuring device,  was 
evaluated f o r  measuring the  thickness of t h e  coa t ing .  Based upon t h i s  evalua-  
t i o n ,  i t  was concluded t h a t  the  'Dermitron" can be used f o r  measuring t h e  th i ck -  
ness  of the  coa t ing  provided small probes a re  used and enough measurements 
a r e  made to  employ s t a t i s t i c a l  methods f o r  c a l c u l a t i n g  the  th ickness .  

C .  S-IVB S t a ~ e ,  Pro jec t  Management, Mater ia l s  

E f f o r t s  have continued on the  coordinat ion and r e s o l u t i o n  of problem 
a r e a s  of  a mater ia l s  na ture  r e l a t e d  t o  the S-I1 s t a g e .  During t h i s  r e p o r t  
period these  e f f o r t s  have included the  following: 

1. Thermal Insu la t ion  of F l u t t e r  K i t s  on S-IVB-501 and -503 

The s t age  con t rac to r  proposed i n s u l a t i o n  of the  f l u t t e r  k i t s  
on S-IVB-501 and -503 by r i v e t i n g  metal brackets  a t  appropr ia te  l o c a t i o n s  
and by c los ing  the  remaining cracks with an RTV s e a l a n t .  This  concept 
was approved f o r  -503, and the  i n s u l a t i o n  job was done. For -501, however, 
it was found t h a t  the  r iveted-on brackets  could be f i t t e d  s o  c l o s e l y  t h a t  t h e  



remaining cracks were i n s i g n i f i c a n t ,  and t h a t  no s e a l a n t  was requi red  f o r  
c los ing  t h e  remaining cracks.  Thus, the f l u t t e r  k i t  of -501 was in su la t ed  
a g a i n s t  overheat ing by r i v e t i n g  on brackets  a t  the  appropr ia te  l o c a t i o n s ;  
no s e a l a n t  was appl ied .  

2 .  Defect ive Liquid Hydrogen Tank Insu la t ion  

Liquid hydrogen tank insu la t ion  t i l e s  were made of uncured 3-D 
foam and i n s t a l l e d  i n  seve ra l  of the s t ages ,  including a t  l e a s t  S-IVB-212, 
-507, and -508. After  i n s t a l l a t i o n ,  the uncured t i l e s  continued t o  grow, 
thus c r e a t i n g  an unsa t i s f ac to ry  condit ion which was de tec ted  a f t e r  i n s u l a t i o n  
of the  tanks was completed. Correct ion of the problem w i l l  r equ i r e  reworking 
t h e  a f f e c t e d  a reas  by removing the i n s u l a t i o n  l i n e r ,  c u t t i n g  away the  
excess ive  foam th ickness ,  and r e s t o r i n g  the l i n e r  t o  good-as-new condi t ion .  
Up t o  about 20 percent of  the 3-D i n s u l a t i o n  i s  a f f ec t ed  i n  each of these  
s t a g e s  . 

3.  S t r e s s  Corrosion 

B e l l v i l l e  spr ings  of 17-7 PH s t a i n l e s s  s t e e l  a r e  used i n  the  cold 
helium dump module, 1B57781, and i n  the  l i q u i d  oxygen (LOX) tank p r e s s u r i z a t i o n  
module. This  mater ia l  is  suscep t ib l e  t o  s t r e s s  corrosion f a i l u r e .  The s t a g e  
con t rac to r  has been requested to  inves t iga t e  changing from 17-7 PH to  some 
o t h e r  a l l o y  t o  e l iminate  the p robab i l i t y  of s t r e s s  cor ros ion  f a i l u r e .  The 
c o n t r a c t o r ' s  proposal is  expected wi th in ' t he  forthcoming r epor t  per iod .  

4 .  Orb i t a l  Workshop 

a .  Emissivi ty of Workshop I n t e r i o r  

The potassium s i l i c a t e / z i n c  oxide (~2Si03/ZnO) coat ing  on 
an Alodine 1200 base continues t o  be the most promising candidate  f o r  
con t ro l  of emis s iv i ty  i n s i d e  the  Workshop. The refinement of app l i ca t ion  
techniques and the  prepara t ion  of mater ia l s  and process s p e c i f i c a t i o n s  have 
been completed. Successful completion of the cryogenic t e s t  program has 
been delayed,  however, due to  f a i l u r e  of the 3-foot  dome f i x t u r e  a t  Sacramento 
because of excessive hea t ing  of the e x t e r i o r  sur face  of the dome. It is 
expected t h a t  the damaged f i x t u r e  w i l l  be repa i red  and t h a t  3-foot  dome 
t e s t s  of the coa t ing  w i l l  be completed dur ing  t h e  forthcoming r e p o r t  period.  

b.  F i r e  Retardant Liner  of Aluminum F o i l  

Previously repor ted  was a  recommendation t o  use 3-mil t h i c k  
aluminum f o i l  f o r  the  f i r e ' r e t a r d a n t  l i n e r  of S-IVB-212 on t h e  bas i s  t h a t  
the  3-mil f o i l  o f fered  some improvement over the  2-mil f o i l  which was 
a l ready i n s t a l l e d  i n  S-IVB-211. A t  the same time, i t  was s t a t e d  t h a t  
S-IV8-211 i s  acceptable as  b u i l t  with the  2-mil f o i l .  Since t h a t  t i m e ,  
our  very l imi t ed  and prel iminary da ta  ind ica t e  t h a t  performance of t h e  2-mil 
f o i l  i s  s i g n i f i c a n t l y  improved by app l i ca t ion  of t h e  thermal con t ro l  coa t ing  
(K2Si03/ZnO); however, f u r t h e r  t e s t i n g  i s  planned to  v e r i f y  t h a t  t h i s  is  
the  c a s e .  



c .  Storage 

The S-IVB-212 i s  the Orb i t a l  Workshop s t a g e ,  and S-IVB-211 
i s  the back-up. S-IVB-211 is  i n  s to rage ,  and S-IVB-212 is  scheduled t o  
go i n t o  s to rage  on November 20, 1967. The problems assoc ia ted  with long- 
time s to rage  of ma te r i a l s  i n  these  and o ther  vehic les  a r e  being inves t iga t ed ,  
and co r rec t ive  ac t ions  a r e  being taken as  necessary t o  maintain i n t e g r i t y  of 
ma te r i a l s  i n  these  s t a g e s .  

d .  Long-Term Storage of Mater ia l s  i n  Ear th  Orbi t  (ECP-247) 

The s t age  con t rac to r  has been requested t o  fu rn i sh  
a d d i t i o n a l  information on ECP-247 as  requested by t h i s  d i v i s i o n  t o  inc lude  
more d e t a i l e d  methods and procedures of t e s t i n g .  

e .  Study of Insu la t ion  of Hydrogen Tank and Micrometeoroid 
Bumper 

The s t a g e  con t rac to r  proposed a  th ree -pa r t  program as  fol lows:  

(1) Conduct flammability t e s t i n g  of LH2 tank i n s u l a t i o n  
v a r i a b l e s  and d e f e c t s .  

(2) Study and t e s t  ex te rna l  spray-on polyurethane foam 
in t eg ra t ed  with an extendable o r  f ixed  met'eoroid s h i e l d .  

(3)  Conduct preliminary design of the  purged extendable 
meteoroid bumper concept t o  de f ine  thermal performance, s t r u c t u r a l  
components, and s e a l i n g  d e t a i l s  of a  complete system. 

This con t rac to r  proposal was approved with minor changes by 
Mate r i a l s  Divis ion  on June 16 ,  1967; however, a u t h o r i t y  f o r  the  con t rac to r  
t o  proceed with the  program i s  being withheld i n  t h e  S-IVB Stage Manager's 
Of f i ce .  

f .  Study of Outgassing of Liquid Hydro~en Tank Insu la t ion  

The s t a g e  con t rac to r  has submitted a  proposal to  study 
outgass ing  of helium and hydrogen from the  LH2 tank i n s u l a t i o n  t o  a s c e r t a i n  
the outgassing c h a r a c t e r i s t i c s  of the in su la t ion  a r e  acceptable f o r  e a r t h  
o r b i t a l  opera t ions  of t h e  Workshop. This  program w i l l  involve both 
Mate r i a l s  and Propulsion Divis ion .  Our review of the  proposed program has 
been completed with a  recommendation, dated September 22, 1967, t h a t  t h e  
proposed program with minor changes be awarded t o  the s t a g e  con t rac to r .  

g. The following documents were reviewed: 

(1) Orb i t a l  Workshop General Tes t  Plan 

Bumper " 

Bond Tes t "  

(2) MDC ECP-2045-R1, ''Design and Fabr i ca t ion  of Meteoroid 

(3) MDC ECP-2267, "Chilldown Pump Seal ing  Device Flange 



(4) MDC ECP-2288, "S-IVB/IB Stage Accessory K i t "  

(5) 'tH2 tank internal  insulation outgassing t e s t i ng  
program for the Orbital Workshop" 

(6) MDC response to  Action Item No. 2-26, 'Temperature 
sensors necessary to ensure astronaut safety  upon Orbital  Workshop entry,  
and poss ib i l i ty  of trapping gaseous o r  frozen hydrogen i n  the fuel  tank" 

(7) MDC response t o  Action Item No. 2-51, 'NDF contamination 
r e su l t i ng  from f i r i n g  the micrometeoroid shield deployment mechanism" 

(8) MDC response to Action Item No. 2-63, 'ZH2 tank 
emergency r e l i e f  system" 

(9) MDC response to Action Item No. 2-42, "Deactivation and 
Reactivation Procedures f o r  the Orbital Workshop" 

(10) MDC MS STP0334, 'Xeak Test Solution, LOX Compatible!' 

V .  F-1 Engine 

Investigation of 1nsulations.for Use on F-1 Engine Components 

Effor ts  were undertaken to  determine yhat e f f e c t  water would have on 
the insulating qua l i t i es  and in tegr i ty  of the metal f o i l  enclosed thermal 
insulat ion which is being used for  insulating the F-1 engine components. 
For these determinations, a sample of Inconel/Refrasil insulat ion simulating 
the F-1 engine insulation was thermally tes ted.  The sample was 3 inches wide, 
5 inches long, and 112 inch thick,  and was composed of a high s i l i c a  b a t t  
enclosed i n  0.006-inch thick Inconel f o i l .  A 118-inch diameter vent hole 
was cut  i n  the back s ide  of the Inconel f o i l .  Test conditions were 12 ~ t u / f  t2- 
sec.  (radiant)  for  180 seconds with the specimen s ta t ionary.  A thermocouple 
was attached to  the Inconel f o i l  on the back s ide  of the specimen to  monitor 
back face temperature r i s e .  The same specimen was tested four times: (1) 
as-received, (2) water poured on the f ron t  face of the Inconel f o i l ,  and 
(3) twice a f t e r  the sample had been immersed i n  water for  f ive  seconds. 
(The Refrasi l  b a t t  soaked up 5.2 grams of water during immersion.) The 
only change during the f i r s t  t e s t  was a s l i g h t  discoloration of the f ron t  
face of the Inconel f o i l .  The back face temperature r i s e  was 372'C (703°F). 
There was no change during the second t e s t ,  and the back face temperature 
r i s e  was 389'C (733OF). During the th i rd  t e s t ,  the thickness of the specimen 
increased from 112 to 314 inch due to pressure from the steam generated 
inside the specimen upon the application of heat;  the back s ide  temperature 
did not exceed 100°C (212'F). Approximately 4.6 grams of water was evaporated 
during the th i rd  t e s t .  There was no change i n  the specimen during the 
fourth t e s t  except the remaining water was removed by evaporation; the 
back face temperature r i s e  was 388OC (724'F). 



I n  s p i t e  of these  f ind ings ,  t h e r e  a r e  ind ica t ions ,  based upon Rocketdyne 
t e s t  d a t a  t h a t  the  i n s u l a t i o n  may f a i l  i f  i t  conta ins  an amount of water  
g r e a t e r  than 0.08-0.10 pound per square foo t  of panel a r e a .  Considerat ion 
i s  being given t o  the  design of water proof jackets  f o r  the  engine nozzles .  

V I .  Instrument Unit  

A .  Study of Poss ib le  Gas Evolution i n  the  Environmental Control System 

Several  t e s t  s e r i e s  have been completed i n  the  i n v e s t i g a t i o n  t o  
determine i f  t h e  r e a c t i o n  of the  coolant  with metal components is  the  cause 
of  t h e  pressure  build-up i n  t h e  environmental con t ro l  system. A previous 
test us ing  d i s s i m i l a r  metal couples exposed t o  i n h i b i t e d  methanollwater so lu -  
t i o n  produced hydrogen gas as d i d  the  v e r i f i c a t i o n  t e s t  us ing  t h e  same 
d i s s i m i l a r  metal couples and s o l u t i o n .  The couples producing a s i g n i f i c a n t  
amount of hydrogen were LA141 magnesium-anodized 2024 aluminum (116 mls) 
and LAl4l-anodized 6061-316 s t a i n l e s s  s t e e l  (134 mls) i n  72 days of  exposure. 
The d i s s i m i l a r  metal couples i n  methanollwater s o l u t i o n  i n h i b i t e d  with 
sodium dichromate and sodium benzoate sepa ra t e ly  and i n  combination 
produced a much smaller  amount of gas,  p a r t i c u l a r l y  with couples of LA141- 
2024 (38 mls) and LAl41-316 (11 mls).  The d i s s i m i l a r  metal couples be ing  
run i n  d i s t i l l e d  water i nh ib i t ed  with sodium dichromate a r e  continuing.  
These couples have been i n  t e s t  f o r  approximately f i v e  weeks with LA141- 
2024 (anodized) aluminum producing 15  mls of gas .  The t e s t  t o  determine 
t h e  e f f e c t  of pH on the  cor ros ion  of LA141 and 6061 aluminum i n  i n h i b i t e d  
(sodium benzoate) methanol/water ( d i s t i l l e d  and de ionized) ,  and a l s o  
d i s t i l l e d  and deionized water  i n h i b i t e d  with sodium dichromate has been 
discontinued a f t e r  60 days of t e s t i n g .  An evalua t ion  i s  being made of 
the  r e s u l t s  of  these  t e s t s .  

B.  Evaluation of Diffusion-Bonded Tube J o i n t s  f o r  U s e  i n  t h e  
Environmental Control System of t h e  Instrument Unit 

Tubular j o i n t s  made by s i l v e r  d i f f u s i n g  aluminum (6061) t o  s t a i n l e s s  
steel (300 s e r i e s )  a r e  being evaluated f o r  r e s i s t a n c e  t o  cor ros ion  i n  
i n h i b i t e d  and unhibi ted methanol/water so lu t ion .  J o i n t s  a r e  being t e s t e d  
with no su r face  p ro tec t ion  and with a n  alodine 1200 treatment .  This  type 
of j o i n t  is  being considered f o r  use i n  the Environmental Control System. 
Tes t ing  of t hese  specimens was terminated a f t e r  120 days of  exposure. 
The t e s t  d a t a  a r e  being evalua ted .  

V I I .  Apollo Telescope Mount (ATM) 

A. Inves t iga t ion  of Contamination and Contamination Sources 

Inves t iga t ions  have continued i n  t h e  determinat ion of poss ib l e  
contamination of the o p t i c a l  environment of the ATM experiment,  both by 
d i r e c t  depos i t ion  of contaminant ma te r i a l s  on o p t i c a l  su r faces  and by 
degradat ion of the  view a rea  of the  equipment. 



Evaluat ion of p o t e n t i a l  mater ia l s  f o r  use on t h e  ATM is cont inuing .  
A l l  ma te r i a l s  a r e  t e s t e d  i n  accordance with t h e  Mater ia l s  Management Plan 
f o r  ATM contamination. To be acceptable a ma te r i a l  must have a maximum 
r a t e  of weight l o s s  du r in  temperature cyc l ing  from 25 t o  100°C which does !i n o t  exceed 0.2 percentlcrn /h r .  

Twelve ma te r i a l s  were t e s t ed  i n  vacuum (10-7 t o r r )  t o  100°C with 
pe r iod ic  weight l o s s  measurements. Mater ia l s  of p a r t i c u l a r  i n t e r e s t  with 
test r e s u l t s  a r e  a s  follows: 

Viton O-ring, Cat-a- lac p a i n t  (Cure: 150°F (66%) f o r  48 hours) ,  
Tef lon  TFE hea t  sh r inkab le  tubing, epoxy f i b e r g l a s s  b racke t ,  copper c l ad  
p l a s t i c  shee t  and Epon 828 (curing agent Z )  a r e  a l l  acceptable  ma te r i a l s  
f o r  use on t h e  ATM with each having a maximum r a t e  of weight l o s s  l e s s  than 
0.2 percent/cm2/hr.  Teflon TFE hea t  shr inkable  tubing and Epon 828 (cur ing  
agent  Z) showed e x c e l l e n t  thermal and vacuum s t a b i l i t y .  Epon 828 (formulat ion 
# l  and 113)are unacceptable a t  150°C (302°F) bu t  a r e  acceptable  ma te r i a l s  
when used a t  temperatures of l e s s  than 100°C (212'F). Armstrong cork  
#9520 is  very uns table  t o  100°C (21Z°F) and the re fo re  i s  an unacceptable 
ma te r i a l  f o r  t h e  ATM i n  i t s  present  manufactured s t a t e .  

B .  I nves t iga t ion  of the  Cleanl iness  of the  Space Environment Simulation 
Chamber 

One of the requirements of the  ATM program i s  t h a t  the  completed ATM 
undergo systems checkout i n  a simulated space environment p r i o r  t o  f l i g h t .  
I n  order  t o  a s su re  t h a t  the  test environment does n o t  adversely e f f e c t  the  
ATM, t e s t s  must be made to  assure  the  c l ean l iness  of t h e  t e s t  chamber. 

A l l  in-house samples t o  be used i n  t h e  c l e a n l i n e s s  test a t  t h e  
Manned Spacecraf t  Center (MSC) Space Environment Simulation Laboratory 
have been f ab r i ca t ed .  Harvard College Observatory and Bal l  Brothers 
Research Corporation have requested sample space on t h e  sample test f i x t u r e .  
To d a t e  a t o t a l  of 179 test samples w i l l  be evaluated f o r  contamination. 

The design work f o r  a l l  t h e  contamination test apparatus has  been 
completed and in-house f a b r i c a t i o n  of components i s  90 percent  complete. 

Two pressure  c o n t r o l l e r s  and a f i l m  th ickness  m n i t o r  have been 
equipped with s p e c i a l  cables  of 50-foot length f o r  opera t ing  i n  chamber A .  
A General E l e c t r i c  monopole r e s i d u a l  gas analyzer  (RGA) has been purchased 
w i t h  s p e c i a l  cables  f o r  t h i s  t e s t .  The RGA cables  w i l l  be a minimum of 
37 f e e t  long and compensation f o r  l i n e  length  w i l l  permit mass scans t o  be 
made t o  n o t  l e s s  than 525 AMU. 

The two f l u i d s  used i n  t h e  opera t ion  of chamber A w i l l  o f f e r  t h e  
g r e a t e s t  contamination p o t e n t i a l .  These a r e  DC-705, used i n  the  d i f f u s i o n  
pumps and DC-704, used i n  the  hydraul ic  system on t h e  lunar  plane. Mass 
s p e c t r a  have been obtained on DC-705 a t  100°F (38°C) wi th  s i g n i f i c a n t  peaks 
above 100 AMU appearing a t  128, 140, 148, 156, 170, 176, 185, 206, 242, 
292, 320, 337, 351, 367. 410, 424, 437, 496, and 516 AERl mass scans w i l l  
a l s o  be  run on DC-704. 



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

Di rec t  cu r ren t  torque motors w i l l  be used extens ive ly  on the  
Apollo Telescope Mount. Tes ts  on d . c .  to rquers  a r e  planned i n  a  thermal 
vacuum environment us ing  the experience gained on previous motor t e s t s .  

Preliminary t e s t s  of Inland Motors Company's 7 f t / l b  torque motors 
which w i l l  be widely used on t h e  ATM indica ted  excessive outgassing of 
t hese  motors during opera t ion .  Analysis of t h e  outgassing products revea led  
t h a t  they c o n s i s t  mainly of d i b ~ t y l ~ h t h a l a t e ,  a  p l a s t i c i z e r  used i n  t h e  
motor p o t t i n g  compound on the  Inland torque motor r a t e d  f o r  100°C (21Z0F) 
usage.  A block of high temperature p o t t i n g  compound used i n  an Inland 
150°C motor r a t e d  f o r  150°C (302°F) usage was obta ined ,  and checked f o r  
outgass ing  i n  vacuum t o  150°C (302OF). This  ma te r i a l  d i d  not  appear t o  
outgas  when checked with a  mass spectrometer .  A high temperature motor 
has  been obtained f o r  a  f i n a l  t e s t  of outgassing c h a r a c t e r i s t i c s .  D i s -  
cuss ions  wi th  the  Inland Motor Company and the  Bendix Corporation i n d i c a t e  
t h r e e  poss ib l e  problem areas  connected with outgassing of t h e  torque motors; 
t h e s e  problem a reas  may include the  following: 

1. Brushes: The Bendix Corporation has s e l e c t e d  a  niobium 
d i s e l e n i d e  metal compact f o r  the  brushes on t h e i r  ATM d.c .  torque motors. 
Under a rc ing  condi t ions  selenium may be l i b e r a t e d  from t h e  brush compact. 
These brushes can be replaced w i t &  a  MoS2 tantalum compact i f  i t  appears 
brush outgassing is  a problem. 

2. P o t t i n a  Compound: Tes t s  a r e  now underway t o  determine i f  a  
high temperature po t t ing  compound w i l l  be s u i t a b l e  f o r  use i n  ATM torque 
motors. 

3 .  Magnet Corrosion Protec t ion:  The present  torque motors use a  
cadmium p l a t e  f o r  cor ros ion  p ro tec t ion .  This  p l a t i n g  may have t o  be 
removed because of the high vapor pressure  of cadmium. Operational t e s t s  
of high temperature torque motors w i l l  be s t a r t e d  du r ing  the  next  r e p o r t i n g  
pe r iod .  

D. Inves t iga t ion  of  ATM Bearing Lubr ica t ion  

To p r o t e c t  moving p a r t s  of the Apollo Telescope Mount l u b r i c a n t s  
w i l l  be requi red  which w i l l  no t  break down o r  outgas i n  t h e  environment 
of o u t e r  space .  During t h i s  period t e s t s  were completed on the  203 b a l l  
bear ings  which were o s c i l l a t i n g  55' under a  30-pound t h r u s t  load a t  a  
pressure  of 10-8 t o r r .  A l l  t e s t  bearings were provided with r e in fo rced  
Tef lon  r e t a i n e r s  and with var ious  dry f i l m  l u b r i c a n t s  appl ied t o  t h e  
bear ing  r a c e s .  The r e s u l t s  of a l l  tests have been evalua ted  and a r e p o r t  
i s  being w r i t t e n .  

Work being done on t h e  i n e r t i a l  system con t ro l  gimbals a t  Midwest 
Research I n s t i t u t e  under con t rac t  NAS8-21165 i n d i c a t e s  t h a t  the  bear ings  
and gears  f o r  t h i s  system can be success fu l ly  lub r i ca t ed  wi th  d ry  f i l m  
l u b r i c a n t s .  A torque d r i v e  t e s t  f i x t u r e  f o r  t h i s  sysqem was de l ive red  t o  
t h i s  l abora to ry  f o r  vacuum t e s t i n g ;  however, checkout t e s t s  i nd ica t ed  t h a t  
t h e  bear ings  i n  the  f i x t u r e  were misaligned and the  system was re turned  
t o  the  Bendix Company f o r  r e p a i r .  



E .  Thermal Control Materials f o r  the ATM 

A memorandum has been sen t  to  the laboratory project  o f f icer  
identifying recommended thermal control coatings, and para l le l  experi- 
mentation has continued. As reported previously, the outgassing character- 
i s t i c s  of Cat-a-lac f l a t  black paint No. 463-3-8 are sa t i s fac tory  when the 
paint  is cured a t  temperatures up to 149°C (300°F). For some ATM 
applications,  i t  may be necessary t o  apply the paint to  substrates such 
as  organic foams o r  f iberglass p las t ic  composites which w i l l  degrade i f  
subjected to  the above temperatures. Studies have been undertaken to  
determine i f  the outgassing character is t ics  of the paint  can be maintained 
within acceptable l imits  when cured a t  lower temperatures. Based upon these 
s tudies ,  the outgassing behavior of Cat-a-lac f l a t  black paint  No. 463-2-8 
has been determined to be sat isfactory when cured a t  e i t he r  65OC (150°F) 
for  48 hours o r  93'C (200°F) for  24 hours. Studies t o  evaluate addit ional 
curing cycles for  the paint w i l l  be continued. 

Five heater blankets consist ing of Nicrome w i r e  encapsulated with 
Adiprene L-100 impregnated f iberglass  were fabricated f o r  use on the quarter 
spar  t e s t  item. Two blankets were 22 x 62 inches, two were 20 x 66 inches, 
and one was 22 x 40 inches. 

High density urethane foam is now being considered for  insulat ing 
the ATM canis ter .  Reliable conductivity data are  not available for  foams 
of the most thermally a t t r ac t ive  density range (13-16 lbs /cu . f t . )  over 
the temperature span of in te res t .  Consequently, a contract  tha t  was 
conceived or iginal ly  to  obtain data i n  support of the Multiple Docking 
Adapter (IDA), is being modified t o  accommodate th i s  new requirement. 

V I I I .  Nuclear Ground Test Module 

In-house and contractual studies are  being pursued t o  develop the 
materials technology required to support the Nuclear Ground T e s t  Module 
Program. Specifically,  the areas of cryogenic insulation,  valve sea l s ,  
transducer materials,  gimbal and bearing lubricants,  and induced neutron 
act ivat ion are  being investigated. 

The second LH2 cryogenic insulation test dewar (Cube B) which was 
fabricated by General DynamicsfFort Worth (GDfFW) and insulated a t  t h i s  
Center was environmentally tes ted during the week of August 20, 1967, 
using the GD/FW Ground Test Reactor. The purpose of the t e s t s  was t o  
evaluate the performance of the insulation system (2-6020 primer; CPR 
385-2 spray foam insulation,  Narmco 7343ffiberglass cover) i n  a radiat ion,  
cryogenic temperature, and acoustic environment simulating tha t  anticipated 
for  the NGTM system during NERVA development engine f i r i ngs  a t  the nuclear 
rocket development s i t e  (NBDS). The sequence of t es t ing  for  Cube B was as 
follows: 

I. One 12-hour l iquid nitrogen (LN2) cycle 

2. One 12-hour LH2 cycle 

3. I r rad ia te  to 2 x 10'' ergs-gm-l (C) while f u l l  of LH2 (31 hours 
cryogenic t i m e )  
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4 .  Six 1-hour acous t i c  exposures (140 db) a t  LN2 temperature 
(24 hours cryogenic time) 

5. One 5-hour LH2 cycle  

6. One 6-hour LH2 cycle  

7.  One 6-hour LH2 cycle  ( a t  the  end of t h i s  cyc le ,  a b l i s t e r  
appeared on one of the  cube faces  adjacent  t o  t h e  one which received 
the  h ighes t  r a d i a t i o n  exposure) 

8 .  Twenty-eight hours a t  ambient temperature 

9 .  One 7-hour LH2 cycle  

10.  One 5-hour LH2 cyc le  

11. One 6-hour LH2 cycle  

12 .  One 5-hour LH2 cycle  

13.  One 6-hour LH2 cycle  

14.  One 5-hour LH2 cycle .  

To summarize, "Cube B" was subjec ted  t o  a r a d i a t i o n  exposure of 2 x 1010 
ergs-gm-l (C), s i x  hours of acous t i c  e x c i t a t i o n  a t  a l e v e l  of 140 db,  and 
t h i r t e e n  cryogenic cycles  (2 LN2 and 11 ~ k 2 )  represent ing  100 hours of 
cryogenic t e s t i n g .  

Evaluations of LH2 boi lof f  r a t e s  were made pe r iod ica l ly  during t h e  
t e s t  program. There was no de tec t ab le  d i f f e r e n c e  between t h e  pre- 
i r r a d i a t i o n  and t h e  post-thermal cyc le  bo i lo f f  r a t e s .  The su r face  
temperature of the  two-inch t h i c k  spray foam i n s u l a t i o n  wi th  LH2 i n  t h e  
dewar was about 68°F (20°C) normally b u t  increased t o  about 90°F (3Z°C) 
dur ing  i r r a d i a t i o n  (dose r a t e  of 1 x lo9 e r g s - p - l  (C) -HR-1). 

Af ter  the l a s t  LH2 cycle  was completed, the cover on the  face  
where the  b l i s t e r  had occurred (s tep  7,  sequence of even t s )  was removed 
and an inspec t ion  was made of t h e  i n s u l a t i o n .  It was observed t h a t  a 
s e c t i o n  of foam (6 inches x 6 inches)  had separated from t h e  tank wa l l  
bu t  had remained bonded t o  the  cover.  Apparently a c rack  occurred i n  
t h e  foam during t e s t i n g  t h a t  provided a path by which a i r  could be 
cryopurnped t o  the  tank wa l l .  When the  tank warmed up, the  a i r  expanded 
and caused the  foam t o  sepa ra t e  from the  wal l .  A foam f a i l u r e  of t h i s  
kind is typ ica l  of t h a t  produced by thermal cyc l ing .  Current ly ,  it i s  
planned t o  use  the  dewar t o  develop r e p a i r  techniques f o r  foam-type 
i n s u l a t i o n s .  These techniques w i l l  be requi red  a t  NRDS and the  dewar 
i s  an i d e a l  t e s t  a r t i c l e  s i n c e  t h e  foam has been i r r a d i a t e d  and t h e  
tank  is rad ioac t ive  ( r epa i r  condit ions a t  NRDS). Af ter  t h e  dewar is 
r e p a i r e d ,  f u r t h e r  cryogenic cyc l ing  t e s t s  w i l l  be made t o  eva lua te  
t h e  performance of the  r epa i r ed  a rea .  



The drawings for  the shrouds and other modifications required to  
prepare the R I F l  tank f o r  the radiat ion t e s t s  a t  GD/FW have been completed 
by the Structures Division and forwarded to  the Manufacturing Laboratory. 
The evaluation of the welds i n  the  RIFT tank has been completed. A crack 
was discovered i n  one weld which w i l l  require repa i r  by the ME Laboratory. 
The contractor has defined the plumbing requirements and has designed the 
f a c i l i t y  modifications which w i l l  be required to  support these tests using 
the Aerospace Systems Test Reactor (ASTR). 

As  reported previously, the Narmco Division of the Whittaker 
Corporation is modifying a 17-inch Whittaker (S-IC) LOX prevalve for  use 
i n  an LH2-radiation environment. After modification the valve w i l l  be 
shipped to  GD/FW where i t  w i l l  be tested as a component of the RIFT tank. 
Sixty-three valve and actuator parts are  undergoing design changes for  
t h i s  application.  A l l  of the materials and tooling required for  the  
fabr icat ion of the required parts have been received and approximately 
60 percent of the par ts  have been made. The lubr icat ion of c r i t i c a l  
pa r t s  of t h i s  valve w i l l  be done by Midwest Research I n s t i t u t e  under 
contract  NAS8-21165 with the Materials Division. In-house lubrication 
investigations which are  being made to,support t h i s  e f f o r t  are  described 
elsewhere i n  t h i s  report .  

The design of the LH2 nuclear heating experiment is well underway 
by GD/FW. NERVA radiat ion environment data generated by Lockheed, 
Westinghouse, and Aerojet were obtained from MSFC to  provide design 
baseline information. A preliminary estimate of the nuclear energy 
deposition r a t e s  i n  the LH2 and i n  the aluminum tank w a l l  were made 
for  the current geometry concept of the experiment. The calculation 
was made for  the case of no modification of the ASTR neutron to gamma 
(n/ r )  r a t i o .  A quick calculation was made to  determine the e f f e c t  on 
the n / y r a t i o  by inser t ion of a 4-inch thick s t e e l  s lab between the 
reactor  and the LH2 tank. The r a t i o  change was more than desired and 
the reduction i n  LH2 heating was more than can be to le ra ted .  A s imilar  
calculat ion is planned for  2 inches of s t e e l .  Preliminary experiment 
analyses were made to  obtain data on most of the important experiment 
parameters. The a eas investigated were: 

1. Destrat i f icat ion pump requirements 

2 .  Tank heat leaks 

3 .  Pressure drop of LH2 drain l i n e  

4. Instrumentation requirements and placement 

5. Pressurant requirements 

6. Tank modifications 

7 .  Drain r a t e  requirements 

8. Drain pump requirements 
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Work i n  these areas is continuing and firm conclusions and recommendations 
on several of these items w i l l  be made during the study mid-term presenta- 
t ion  currently scheduled for  October 24-25, 1967 a t  GD/FW. 

Under contract NAS8-21031 the I l l i n o i s  I n s t i t u t e  of Technology 
Research I n s t i t u t e  (IITRI) is computing the neutron act ivat ion of proposed 
NGTM s t ruc tura l  materials. This information i s  necessary for  the es tabl ish-  
ment of stage operation c r i t e r i a .  The computations performed w i l l  u t i l i z e  
the computer program in i t i a t ed  by th i s  division and validated by the I I T R I  
under contract  NAS8-11160. 

Samples of Al 5654, the material that  the 108-inch t e s t  tank was 
fabricated from, were spectroscopically analyzed by th i s  division.  The 
r e su l t s  of the  analyses have been supplied t o  IITRI f o r  input to  the code 
to determine preliminary act ivat ion dose r a t e  predictions for  the  GD/FW 
t e s t s  . 

To protect  moving parts i n  the Nuclear Ground Test  Module and i n  
nuclear-powered spacecraft ,  lubricants w i l l  be required which w i l l  not be 
degraded by operation i n  hard radiation.  In  connection with t h i s  require- 
ment a second ser ies  of t e s t s  are  being made on various dry f i lm lubricants 
i r radiated with gamma radiation to  a dose of 108 and l 0 l 0  ergs per gm carbon 
and tested i n  the Falex lubrication t e s t e r .  F i f ty  specimens coated with ea& 
lubricant are  t o  be tes ted,  twenty specimens i r radiated to  108 ergs per gm 
carbon (gammas), twenty specimens i r radiated to 10l0 ergs per gm carbon 
(gammas), and ten control specimens. The lubricant Vitro Lube (glass f r i t  
bonded MoS2 film) was tested during t h i s  reporting period. Test r e s u l t s  
indicate tha t  these high dosages of. gamma radiation seem to  have no d e t r i -  
mental e f f ec t  on the wear l i f e  of t h i s  lubricant.  The average wear l i f e  of 
these t e s t s  was lower than the previous se r jes  of t e s t s  but it w i l l  vary 
somewhat from one batch of the lubricant mixture to another. 

Sliding sea ls  for  pneumatic actuators are  usually made of Teflon 
o r  grease lubricated elastomers. The high radiat ion f i e l d  on the NGTM 
requires the selection of materials which w i l l  f u l f i l l  the  basic require- 
ments of a s l iding seal  and be r e l a t i ve ly  unaffected by radiation to  10l0 
ergs/gm(C). Neither Teflon or  grease are  su i tab le  for  t h i s  requirement. 
A device for  t es t ing  s l id ing  sea l  materials has been designed and manu- 
factured.  A l l  candidate seal  materials w i l l  be compared with Teflon. 
Preliminary t e s t s  have been s ta r ted  on polyurethane unirradiated and 
i r radiated t o  10l0 ergs/gm(C). Results of these tests w i l l  be reported 
during the next reporting period. 

ADVANCED RESEARCH AND TECHNOLOGY 

I. Contract Research 

Supporting research a c t i v i t i e s  have continued i n  the areas of technology 
and with the contractors as  specified as  follows: 



A. Polyner Development and Characterization 

1. Southern Research I n s t i t u t e ,  NAS8-20190 
2. National Bureau of Standards, Government Order H-92120 

B. Adhesive Development 

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

C. Developmental Welding 

The Boeing Company, NAS8-20156 

D. Thermal Control Coatings 

The Boeing Company, NAS8-21195 

E .  Physical and Mechanical Metallurgy 

Bat te l le  Memorial In s t i t u t e ,  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 corporati&, NAS8-21083 
4.  Babcock and Wilcox Company, NAS8-21186 

G . Lubricants and Lubricity 

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

H. Corrosion i n  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, Inc. ,  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 Sensi t ivi ty  of Fuels 

Standard Research Ins t i t u t e ,  NAS8-20220 

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

1. General Dynamics Corporation, NAS8-18024 
2. Hughes Aircraft  Company, NAS8-21087 
3. IIT Research Ins t i t u t e ,  NAS8-21031 



K. Instrument Development 

1. Bat te l le  Memorial I n s t i t u t e ,  NAS8-11891 
2.  Canadian Commercial Corporation, NAS8-20529 

11. General - In-House 

A. Development of Hixh Temperature Resistant Polymers 

Continued e f f o r t  has been devoted to the development of improved 
crosslinking systems fo r  the polyaryloxysilanes, polysilphenylene-siloxanes 
and polymers of re la ted s t ructure .  The major emphasis during th i s  reporting 
period was placed on determination of the efficiency of the addition of tk 
s i l i con  hydride group t o  various o le f in  groups as a means of appraising the 
potent ia l  u t i l i t y  of the process for  crosslinking. The extent and r a t e  of 
addit ion of a l,4-bis(hydrogendimethylsily1)benzene t o  monomeric compound 
containing vinyl-si l icon, a l ly l - s i l i con ,  and allylphenyl groups were monitored 
by measuring the disappearance of the Si-H infrared absorption with time. 
In  each of the three cases, the addition proceeded to  approximately 95 
percent completion within 24 hours a t  70°C (158°F). The order of r eac t iv i ty  
of these three groups with Si-H is tentat ively indicated to  be: 

However, absolute assignment of t h i s  r eac t iv i ty  sequence cannot be made 
without more extensive r a t e  s tudies  and additional model compound prepara- 
t ion .  It should be noted tha t  the differences i n  reac t iv i ty  of the three 
groups are  not dramatic, and inclusion of any of these groups along the 
polymer chains should lead to an e f f i c i e n t  crosslinking system. Since the 
monomer containing the allyl-phenyl group was currently available,  an 
aryloxysilane polymer was prepared i n  the following stoichiometric 
proportions: 

The polymer was a tough semi-flexible sol id  melting a t  80-90°C (176"-194'F). 
The polymer was crosslinked to  an insoluble gel a t  80°C (176°F) by the addit ion 
of an amount of 1,4-bis(hydrogendimethylsily1)benzene stoichiometrically 
equivalent to  112 of the available a l ly1  groups. Tests a r e  currently underway 
to  define the optimum S i - ~ / a l l y l  r a t i o  to  r e su l t  i n  thermosetting polymers 
which a re  infusible  a t  200-30O0C (392"-572°F). 



B. Development and Charac ter iza t ion  of Phosphoni t r i l ic  Polymers 

A product described i n  the  previous r epor t  which was obtained from 
the  r e a c t i o n  of 2,4,6,8-tetrachloro-2,4,6,8-tetramethylcyclohexyLaminophosphazine 
with  phenyl magnesium bromide i n  r e f lux ing  butyl  e t h e r  could no t  be conclus ive ly  
cha rac te r i zed :  

A s  previously repor ted ,  elemental analyses f o r  C ,  H,  and N on the  o i l y  product 
were e r r a t i c  and nonreproducible because of extreme d i f f i c u l t y  encountered 
i n  obta in ing  complete oxidat ion  of the  sample with the  p resen t ly  a v a i l a b l e  
combustion equipment. Therefore,  cha rac te r i za t ion  was l imi t ed  t o  a phosphorus 
ana lys i s  by the  Na202 fus ion  method which gave a value of 12.52 percent a s  
compared with the ca lcula ted  va lue  of 13.22 percent P ( the P value f o r  the  
s t a r t i n g  ma te r i a l  i s  16.09 percent ) .  Evaluation of the  in f ra red  spectrum 
of the  o i l  a l s o  was cons i s t en t  with the  proposed s t r u c t u r e ,  i . e . ,  phenyl 
absorpt ion  a t  695 cm-I and C=C absorpt ion a t  1650 cm-1, and r e t e n t i o n  of the  
PN r i n g  absorpt ion  a t  1280 cm-I precluding the  p o s s i b i l i t y  of e i t h e r  r i n g  
cleavage o r  shrinkage t o  a t r imer ic  conf igura t ion .  Furthermore, the  r e s i d u a l  
c h l o r i n e  content  of the  o i l  was G. 0.1 percent a s  determined by the  Na202 
fus ion  method. The i n a b i l i t y  t o  pur i fy  the  product beyond column chromatography 
(aluminalbenzene). prevented the  accura te  determinat ion of the  molecular weight 
of the  s u b s t i t u t e d  product .  

The product obtained upon treatment of an a c e t i c  ac id  s o l u t i o n  of the  
o i l  with anhydrous HCl i n  a pressure r e a c t i o n  v e s s e l  (10O0C (212*F)/8 hours)  
has  been t e n t a t i v e l y  charac ter ized  a s  an amine s a l t  compound: 

1. I1 + 8 HC1 .*- ( f l P ~ C 1 ) ~  + 4 amine +HC1 

It appears t h a t  the  add i t ion  type r eac t ion  2. takes p lace  i n  preference t o  
the  nucleophi l ic  displacement r eac t ion  1. This  conclusion is based on s e v e r a l  
observat ions :  (1) The product,  a white c r y s t a l l i n e  s o l i d ,  has a melt ing 
po in t  g r e a t e r  than 350°C (662OF); (2) The s o l i d  is r e a d i l y  water-soluble;  
(3) An aqueous s o l u t i o n  of the  s a l t  depos i t s  a p r e c i p i t a t e  of s i l v e r  ch lo r ide  
(AgC1) when t r e a t e d  with s i l v e r  n i t r a t e ;  and (4) T e i n f r a r e d  spectrum 
(KBr d i s c )  e x h i b i t s  an absorpt ion band a t  2750 cm-' which can be a t t r i b u t e d  
t o  the  presence of -NH (+) as  i t  would occur i n  the  amine s a l t  molecule 

The number of molecules of HC1 adding to the  te t raphenyl-subs t i tu ted  
d e r i v a t i v e  has not  been determined because the  ionizable  ch lo r ide  content  
of the  s o l i d  has not  y e t  been determined. It is i n t e r e s t i n g  t o  no te  t h a t  
the  PN r i n g  absorpt ion of the  sd t is found a t  1400 cm-1, about t h e  same 
frequency which the  W .  R. Grace and Company observed i n  the  IR spectrum 
of t h e i r  compound ( ~ P N N H ~ ) ~  .3HC1. I n  c o n t r a s t  t o  the  d i f f i c u l t y  which 
was encountered i n  the  fo rc ing  I1 t o  undergo any type of r e a c t i o n  wi th  
anhydrous HC1, t h e  l a t t e r  compound was prepared by t h e  W.  R.  Grace 
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i n v e s t i g a t o r s  by merely bubbling the  gas i n t o  a  benzene s o l u t i o n  of 
(k?PNNH2)4 a t  room temperature. A q u a n t i t a t i v e  y i e l d  of p r e c i p i t a t e d  
s a l t  was obta ined .  

It must be r e l u c t a n t l y  concluded t h a t  the  p r i n c i p l e  of Grignard 
r i n g  s u b s t i t u t i o n  and subsequent nuc leoph i l i c  displacement of -NR2 groups 
with anhydrous HC1 as  applied by T e s i  and S l o t a  t o  the  t r imer  s e r i e s  cannot 
be extended t o  t h e  tetramer s e r i e s .  No f u r t h e r  i nves t iga t ions  w i l l  be 
conducted i n  at tempts  t o  extend t h i s  p r i n c i p l e  t o  t e t r amer i c  products .  

A t  the present  time, i nves t iga t ions  a r e  s t i l l  being pursued i n  an 
e f f o r t  t o  prepare a  non-geminally s u b s t i t u t e d  (PNClR)4 through the  use  of 
hindered phenols.  Synthe t ic  e f f o r t s  a r e  now i n  progress to  prepare a 
phenol s u b s t i t u t e d  i n  the  or tho  pos i t i on  with a  s i d e  chain of the  configura-  
t i o n  -CHZ-C(CH~)~. It is an t i c ipa ted  t h a t  t h i s  s u b s t i t u e n t  w i l l  be 
s u f f i c i e n t  t o  permit only non-geminal s u b s t i t u t i o n  b u t ,  a t  the  same time, 
n o t  be bulky enough t o  prevent r e a c t i o n  between the  phenol and (PNC12)4. 

C. I nves t iga t ion  of Meta l l i c  Composites 

A c t i v i t i e s  have continued i n  the development and evalua t ion  of 
wire  re inforced  m e t a l l i c  composites.  

Addit ional  composite specimens were f a b r i c a t e d  by vacuum i n f i l t r a t i o n  
of bundles of beryl l ium wire with molten magnesium a l l o y .  Included with 
these  were specimens of magnesium which were subjec ted  t o  the  same condi t ions  
of temperature and t i m e  as  t h e  composite specimens. The r e s u l t s  of t e s t s  
on these  ma te r i a l s  a r e  shown below: 

Volume 
Fabr ica t ion  T e n s i l e  Mod. of  Percent  Type 

Tes t  No. Temp. Ultimate E l a s t i c i t y  of Wire F a i l u r e  

3A (Be Wire - Mg) 1500°F 29,605 p s i  13  x 106 27.1 Normal 
3B 1400°F 26,663 p s i  - 14.9 Normal 
Mg 1350°F 15,461 p s i  - 0 - 

Because of our i n t e r e s t  i n  f i lament  technology, Texaco Experiment 
Incorporated submitted f o r  t e s t i n g  30  f e e t  of a  s i l i c o n  carbide-coated 
boron f i lament  f o r  our eva lua t ion .  It had been claimed t h a t  the s i l i c o n  
ca rb ide  coa t ing  prevents thermal d e t e r i o r a t i o n  of t h e  boron f i lament .  
Severa l  lengths  of t h e  f i lament  were subjec ted  t o  600, 1000, and 1400°F 
temperature and then t e s t e d  a t  room temperature. A l l  specimens t e s t e d  
showed a s u b s t a n t i a l  increase  i n  both u l t ima te  s t r e n g t h  and e l a s t i c  
modulus as  t h e  following da ta  i n d i c a t e s :  

Type Filament Soak Temperature Room Temp. Ult imate Modulus 

Uncoated Boron 
Uncoated Boron 
S i c  Coated Boron 
S i c  Coated Boron 

305,000 p s i  52 x 106 
216,700 p s i  49 x lo6  
338,000 p s i  52 x lo6  
342,100 p s i  55 x lo6  



D .  I nves t iga t ion  of S t r e s s  Corrosion Charac te r i s t i c s  of Various A 1 l q . s  

Tes t s  a r e  continuing on aluminum a l l o y  7001-T75 t o  determine the  
threshold  s t r e s s  l e v e l  i n  the s h o r t  t ransverse  and long t ransverse  g ra in  
d i r e c t i o n s .  Round threaded-end t e n s i l e  specimens s t r e s s e d  i n  the  long i tud ina l  
g r a i n  d i r e c t i o n  t o  70 percent of the  y i e l d  s t r eng th  (60 k s i )  f a i l e d  i n  45 days. 
I n  the  s h o r t  t ransverse  d i r e c t i o n ,  one specimen of th ree  exposed (1/3) f a i l e d  
i n  34 days s t r e s s e d  44 percent  (30 k s i )  and 213 f a i l e d  i n  25 and 45 days 
s t r e s s e d  t o  37 percent  (25 k s i )  i n  the  a l t e r n a t e  immersion t e s t e r  using 
3 .5  percent  sodium ch lo r ide  s o l u t i o n .  There have been no f a i l u r e s  i n  
s y n t h e t i c  s e a  water  a f t e r  48 days of exposure. 

The long-term exposure t e s t s h e  continued on specimens of 7079-T61 
and -T64 aluminum a l l o y  exposed t o  the l o c a l  atmosphere. There has been 
no change i n  the  t e s t  r e s u l t s  s ince  t h e  June r e p o r t .  The atmosphere test 
has been i n  progress 19 months. 

Studies  have continued i n  t h e  eva lua t ion  of the  s t r e s s  cor ros ion  
s u s c e p t i b i l i t y  of aluminum vehic le  components under semi-control led 
condi t ions .  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 s t r e s s e d  i n  t h e  s h o r t  t r ansve r se  
g r a i n  d i r e c t i o n  t o  75 percent  of t h e i r  y i e l d  s t r e n g t h  and exposed t o  
i n s i d e  and ou t s ide  atmospheres. Fa i lu re s  t o  d a t e  have been confined t o  
t h e  ou t s ide  atmosphere. 

Specimens of aluminum a l l o y s  X2021 and X7007 were s t r e s s e d  i n  a l l  
t h r e e  g r a i n  d i r e c t i o n s  and exposed i n  the a l t e r n a t e  immersion t e s t e r  and 
t o  the  l o c a l  atmosphere. Both a l l o y s  were found t o  be suscep t ib l e  i n  t h e  
a l t e r n a t e  immersion t e s t e r .  Tes ts  i n  the  atmosphere have been i n  progress  
f o r  19 months and the  only f a i l u r e s  encountered were wi th  M007-TE136 
specimens s t r e s s e d  i n  the  s h o r t  t r ansve r se  d i r e c t i o n  a t  loads as  low a s  10 k s i .  

The a l t e r n a t e  immersion s y n t h e t i c  s ea  water t e s t  involving threshold 
s t r e s s  l e v e l s  i n  a l l  t h ree  g ra in  d i r e c t i o n s  of a l loys  2014-T6; 2024-T351, 
-T851, -T6, and -T4; 2219-T37, -T87, and -T62; 7075-T6; and 7079-T651 has 
been terminated a f t e r  180 days of exposure. An add i t iona l  t e s t  w i l l  be 
run  with the  syn the t i c  water  being changed monthly and the  r e s u l t s  compared 
wi th  previous r e s u l t s  i n  which t h e  water was changed only twice during the  
6 months t e s t .  These t e s t s  a re  being run t o  determine the  r e l a t i v e  mer i t s  
of s y n t h e t i c  s ea  water as  a corrodent  f o r  determining s t r e s s  cor ros ion  
s u s c e p t i b i l i t y .  

S tudies  have continued i n t o  t h e  s t r e s s  cor ros ion  s u s c e p t i b i l i t y  
of Ti-6A1-4V a l l o y  i n  var ious  f l u i d s .  No f a i l u r e s  have occurred i n  any of 
t h e  f l u i d s  except methyl a lcohol :  Specimens t h a t  had n o t  f a i l e d  i n  methanol 
conta in ing  0.50 and 1 . 0  percent water f o r  6 months f a i l e d  wi th in  two days 
a f t e r  t h e  add i t ion  of 16.5 ppm sodium ch lo r ide  (10 ppm c l ) .  Specimens 
exposed t o  methanol containing 3.0 percent water f o r  6 months have n o t  
f a i l e d  i n  4 months a f t e r  t h e  add i t ion  of 66 ppm sodium ch lo r ide .  



Addit ional  t e s t  specimens t o  eva lua te  t h e  s t r e s s  cor ros ion  r e s i s t a n c e  
of NAA, General E l e c t r i c ,  and Aero Quip type s t a i n l e s s  s t e e l  f i t t i n g s  welded 
and brazed t o  321 s t a i n l e s s  s t e e l  tubing have been exposed i n  t h e  a l t e r n a t e  
immersion t e s t e r  f o r  176 days without f a i l u r e .  The f i t t i n g s  w i l l  be exposed 
f o r  180 days.  

Tes t ing  has been terminated i n  the  s tudy of the  s t r e s s  cor ros ion  
s u s c e p t i b i l i t y  of 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 ryogenica l ly  
s t r e t c h e d  t o  a  nominal 240 k s i .  Aged (20 hours a t  790°F (421°C)) and 
unaged long i tud ina l  f l a t  specimens s t r e s s e d  t o  75 percent  of t h e  y i e l d  
s t r e n g t h  (aged 196 k s i ,  unaged 184 k s i )  a r e  be ing  evaluated and t h e  
r e s u l t s  w i l l  be repor ted  when completed. Addit ional  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 ryogenica l ly  
s t r e t c h e d  t o  a  nominal 252.6 k s i  is  being t e s t e d  f o r  stress corros ion  
s u s c e p t i b i l i t y .  Longitudinal  specimens s t r e s s e d  t o  75 percent  (189.9 k s i )  
and 90 percent  (227.7 k s i )  of the y i e l d  s t r e n g t h  have been exposed i n  
the  a l t e r n a t e  immersion t e s t e r  f o r  52 days without  f a i l u r e .  

Arrnco SS21-6-9 s t a i n l e s s  s t e e l  unsens i t ized  and s e n s i t i z e d  (1250°F 
(677°C) f o r  one hour,  a i r  coo1ed)is being s,tudied f o r  s t r e s s  cor ros ion  
s u s c e p t i b i l i t y .  F l a t ,  round threaded-end, and C-ring specimens s t r e s s e d  
t o  75 and 100 percent  of t h e  y i e l d  s t r e n g t h  of both condi t ions  a r e  being 
exposed i n  the  a l t e r n a t e  immersion t e s t e r .  No f a i l u r e s  have been encountered 
a f t e r  156 days of exposure. 

E .  I nves t iga t ion  of Organic Semi-conductor Mater ia l s  

Experimental s t u d i e s  have continued i n  the  es tab l i shment  of t h e  
c h a r a c t e r i s t i c s  of the semi-conductor, chrysene. During t h i s  r e p o r t  period 
emphasis i n  t h i s  s tudy was d i r e c t e d  toward measurement of  bulk photo- 
conduct iv i ty .  

Photocurrents have been found t o  be l i n e a r  with i n t e n s i t y  and 
wi th  vo l t age  f o r  f i e l d s  as  high a s  700 volts/cm. Spec t r a l  response of 
t h e  photocurrent  shows peaks a t  260, 320, and 370 mi l l imicrons .  A h igh  
pressure  mercury lamp i s  being used i n  these  measurements s i n c e  t h e  
tungsten lamp did  n o t  provide enough i n t e n s i t y .  These measurements 
w i l l  be repeated on two more s i n g l e  c r y s t a l s  i n  o rde r  t o  s u b s t a n t i a t e  
t h e  previous d a t a .  

F .  Development and Evaluat ion of Light  Weight Ceramic Foams 

Development of l igh tweight  ceramic foams has continued. Present  
e f f o r t s  a r e  d i r e c t e d  toward improving the  pore s t r u c t u r e  and s t r e n g t h  of 
t h e  sodium s i l i c a t e  based foams by c o n t r o l l i n g  and/or  r e s t r i c t i n g  the  growth 
of t h e  foams through foamingin a  closed mold. Using t h i s  t echn ip le ,  foams 
wi th  reasonably uniform pore s t r u c t u r e  and good s t r e n g t h s  have been produced. 
Dens i t i e s  of the  foams range from 9 to  10.7 l b s l f t 3 ,  and the compressive 
s t r e n g t h s  range from 40 t o  43.5 lbsji.112. E f f o r t s  t o  improve t h e  pore 
s t r u c t u r e  of the  foams by dry ing  the  foam mix i n  t h e  open mold a t  74'C 
(165°F) p r i o r  t o  foaming a t  18B°C (370°F) were p a r t i a l l y  success fu l ;  however, 
foams prepared by t h i s  technique had compressive s t r eng ths  i n  t h e  15 t o  
20 l b s / i n 2  range.  Foams having the  h ighes t  compressive s t r e n g t h s  were 
prepared by p lac ing  t h e  foam m i x  d i r e c t l y  i n t o  the  oven a t  188OC (37S°F) 
f o r  5 hours without  any prel iminary drying o r  prehea t ing .  
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Work was undertaken t o  improve the  pore s t r u c t u r e  and s t r e n g t h  of 
t h e  foams by adding small  amounts of powdered sodium s i l i c a t e  t o  t he  
b a s i c  sodium s i l i c a t e - R e f r a s i l  f i b e r  mix. The powdered sodium s i l i c a t e  
eva lua t ed  had the  same sodium oxide : s i l i c o n  d ioxide  mole r a t i o  (1 : 2.00) 
a s  t h e  sodium s i l i c a t e  l i q u i d  used i n  t he  b a s i c  mix. Although the  r e s u l t a n t  
foams had good s t r e n g t h s  and uniform pore s t r u c t u r e s ,  they o f f e red  no 
advantages over  t h e  foams produced from the  b a s i c  mix. 

I n  an at tempt  t o  improve the  foaming c h a r a c t e r i s t i c s  of t he  foams, 
sodium bea r ing  compounds were added t o  i nc rease  the  sodium content  of t he  
b a s i c  foam mix. Small add i t i ons  of sodium bora t e  and sodium f l u o r o s i l i c a t e  
had no apparent  e f f e c t  on the  foaming c h a r a c t e r i s t i c s .  

G .  Eva lua t ion  of the  "Alstan 70" Process 

Work has e s s e n t i a l l y  been completed on the  eva lua t ion  of the process  
which has been r epor t ed  t o  be favored over the  convent ional  z i n c a t e  method 
f o r  p l a t i n g  on aluminum. Several  panels of 6061-T6, 7075-T6, 2014-T3 and 
2219-T87 have been p l a t ed  wi th  a new "Alstan" ba th  and compared with panels  
p l a t e d  by t h e  convent ional  z i n c a t e  method. T e s t  r e s u l t s  have been va r i ed ;  
however, i n  gene ra l ,  adhesion of coa t ings  p l a t ed  by the  "Alstan" process 
have been good wi th  the  except ion  of those appl ied  t o  t he  2219 a l l o y .  
S a t i s f a c t o r y  adhesion could n o t  be achieved wi th  t h e  2219 a l l o y  which 
has  proven t o  be d i f f i c u l t  t o  p l a t e  even by the  z i n c a t e  method. Resul t s  
of t he  co r ros ion  tests ind ica t ed  t h a t  f o r  a l l o y  6061-T6, about  t h e  same 
amount of co r ros ion  p r o t e c t i o n  was afforded by gold p l a t ed  on each of t h e  
two d i f f e r e n t  su r f aces  ( z inc  o r  bronze) .  However, on a l l o y  7075-T6, t h e  
gold p l a t ed  on t h e  z i n c  base showed much more cor ros ion  r e s i s t a n c e  than 
d i d  the  gold t h a t  was p l a t ed  on t h e  bronze base ("Alstan 70" process) .  
I n  the  case  of a l l o y  2014-T3, r e s u l t s  i nd ica t ed  a l s o  t h a t  t he  gold p l a t e d  
on t h e  z i n c  base gave b e t t e r  cor ros ion  p ro t ec t ion  than the  gold p l a t ed  
on t h e  bronze, b u t  t o  a l e s s  e x t e n t  than t h a t  shown on a l l o y  7075-T6. 
T e s t s  wi th  n i c k e l  p l a t ed  2014-T6 a l l o y  have no t  been completed; however, 
a f t e r  14 hours s a l t  spray  exposure, l e s s  cor ros ion  s t a i n i n g  and under- 
c u t t i n g  a t  a s c r i b e  mark has been noted.  

H. I n v e s t i g a t i o n  of Thin Film D i e l e c t r i c s  

A s e r i e s  of measurements of capac i tance  and d i s s i p a t i o n  f a c t o r  a s  
a func t ion  of temperature on A1-Ce02-A1 t h i n  f i l m  capac i to r s  were made. 
Capacitance and d i s s i p a t i o n  f a c t o r  d a t a  from these  experiments a r e  i n  
agreement with t h e  Debye equat ions .  For c r y s t a l l i n e  d i e l e c t r i c s  such a s  
Ce02, a p l a t eau  i n  t he  imaginary p a r t  of t he  complex d i e l e c t r i c  cons t an t  
(and correspondingly i n  d i s s i p a t i o n  f a c t o r )  accompanied by a change i n  
capac i tance  would be expected a t  some temperature dependent on the  h e i g h t  
of t he  b a r r i e r  between the  two equi l ibr ium p o s i t i o n s .  This  p l a t eau  is  
e v i d e n t  i n  the  d i s s i p t a t i o n  f a c t o r  d a t a  from these  experiments and occurs  
a t  a temperature of -100°C (-148OF) a t  which po in t  the d i s s i p a t i o n  f a c t o r  
a t t a i n e d  a va lue  of 0.2500. 

Addit ional  capac i to r s  u s ing  CeO2 a s  d i e l e c t r i c  were prepared 
and s t u d i e d .  The th ickness  of Ce02 on these  capac i to r s  was 2000 %, 
1200 A ,  3700 a, and 4400 %, r e s p e c t i v e l y .  Capagitance va r i ed  i n v e r s e l y  
wi th  th ickness  of d i e l e c t r i c  ranging from 2000 A through 4400 whi le  
d i s s i p a t i o n  f a c t o r  va r i ed  d i r e c t l y  a s  temperature i n  t he  3700 A t h i c k  
specimen. Both d i r e c t  and inve r se  v a r i a t i o n  occurred i n  t he  d i s s i p a t i o n  
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f a c t o r  v s  . temperature behavior  of the  4700 A,  2000 A,  and 1200 a t h i c k  
d i e l e c t r i c  specimens of CeO2 wi th  t h e  s p e c i f i c  p l a t eau  occu r r ing  about  
-100°C (-148°F) i n  a l l  specimens. 

I .  Development and Evaluat ion of Nondestruct ive Techniques f o r  
Assessing S t r e s s  Corrosion Damage 

S t r e s s  co r ros ion  c rack ing  of high s t r e n g t h  a l l o y s  is  a  major 
problem i n  t h e  aerospace i ndus t ry  and with s e v e r a l  Sa turn  components i n  
p a r t i c u l a r .  A c u r r e n t  in-house program involves  the  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 stress co r ros ion .  

Numerous e lec t romagnet ic ,  u l t r a s o n i c  and i n t e r n a l  f r i c t i o n  
measurements have demonstrated t h a t  e a r l y  s t a g e s  of s t r e s s  co r ros ion  c r ack ing  
can be de t ec t ed  i n  7079-T6 aluminum; fur thermore,  t h e r e  i s  a  ve ry  s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  magnitude of ma te r i a l s  p roper ty  changes caused by co r ros ion  
only  and those  changes measured when the specimen is s t r e s s e d  and exposed t o  
a  co r ros ive  environment.  A c u r r e n t  and necessary o b j e c t i v e  is t o  r e l a t e  
t h e  magnitude of t he se  proper ty  changes t o  t he  mechanical s t r e n g t h  of t h e  
specimens. The Charpy impact test was s e l e c t e d  a s  most app rop r i a t e  f o r  
t h i s  purpose. Three small  impact specimens were machined from the  c e n t e r  
of  each stress co r ros ion  specimen and placed i n  t h e  impact t e s t e r  so  t h a t  
t h e  f a l l i n g  weight would s t r i k e  t h e  s i d e  oppos i te  t he  stress corroded 
s u r f a c e ;  t hus ,  small  c racks  should cause l a r g e  l o s s e s  i n  t h e  impact 
s t r e n g t h  of t h e  m a t e r i a l .  Specimens exposed t o  stress co r ros ion  f o r  48 
hours  l o s t  approximately two t h i r d s  of t h e i r  impact s t r e n g t h  a s  compared 
t o  uncorroded m a t e r i a l .  With t h e  except ion  of two o r  t h r e e  p o i n t s ,  t h e r e  
was e x c e l l e n t  c o r r e l a t i o n  of impact tests r e s u l t s  with e l e c t r i c a l  conduc t iv i t y  
changes.  

F i f t y  a d d i t i o n a l  speci!:lens have r e c e n t l y  been t e s t e d .  Resu l t s  
a r e  be ing  eva lua ted .  

Curren t  p lans  inc lude  nondes t ruc t ive ,  meta l lographic ,  and d e s t r u c t i v e  
mechanical tests on s t r e s s  corroded 7075-T6 aluminum specimens. A d e t a i l e d  
program has been prepared and t h e  specimens have been machined. However, 
cons ide rab l e  d i f f i c u l t y  has  been experienced i n  ob t a in ing  t h e  high f i n i s h  
r e q u i r e d  f o r  e l e c t r o n  microscope s t u d i e s .  E l ec t ropo l i sh ing  and lapping  
ope ra t i ons  have been at tempted.  

J .  Documentation Review 

The fo l lowing  s p e c i f i c a t i o n s ,  documents, o r  r e p o r t s  were reviewed, 
and comments were forwarded, where app rop r i a t e ,  t o  r e spons ib l e  i nd iv idua l s  
o r  o r g a n i z a t i o n s .  

1. McDonnell-Douglas - Proposed STP0239 "Coating, Thermal Cont ro l ,  
S i l i c a t e ,  Appl ica t ion  o f "  

2 .  MA0610-002C dated J u l y  7 ,  1967, "Surface Prepara t ion  f o r  Adhesive 
Bonding and Appl ica t ion  of Chemical Film f o r  Sa turn  S - I1  D e t a i l s "  



3. MSFC fIBP82167, d a t e d  August 21,  1967, "Vesse l s ,  Seamless 
P r e s s u r e ,  S p e c i f i c a t i o n  f o r "  

4 .  1P20118,  as S h i e l d i n g ,  Helium, Argon Mixture  f o r  Welding" 
d a t e d  J a n u a r y  25,  1967 

5 .  1P20114, "Gas S h i e l d i n g ,  Argon f o r  Welding," d a t e d  January 25, 
1967 

6 .  1P20115, "Gas S h i e l d i n g ,  Helium f o r  Welding," d a t e d  January 1 8 ,  
1967.  

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

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

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

r . 
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MONTHLY PRODUCT I O N  REPORT 

MATERIALS DIVISION 

SEPTEMBER 1, 1967 THROUGH SEPTEMBER 30, 1967 

I. Radiography 

N i n e t y - e i g h t  misce l l aneous  p a r t s ,  components, and t e s t  specimens were 
i n s p e c t e d  by r a d i o g r a p h i c  t echn iques  d u r i n g  t h i s  r e p o r t  p e r i o d .  

11. Photography 

Neqat ives  

Engineer ing  photography 110 
Metal lography and f r a c t o g r a p h y  378 
Misce l l aneous  photography, p r o c e s s i n g ,  1 8  

copywork, e t c .  

P r i n t s  

111. M e t a l l u r g i c a l  and M e t a l l o g r a p h i c  T e s t i n g  and E v a l u a t i o n  

A .  Work h a s  con t inued  i n  t h e  development of e l e c t r o n  beam welds ,  
t e c h n i q u e s  f o r  f a b r i c a t i o n  of snap diaphragms f o r  t h e  Propu ls ion  D i v i s i o n .  
Because t h e  o r i g i n a l l y  s p e c i f i e d  AISI type  301 s t a i n l e s s  diaphragms d i d  
n o t  m a i n t a i n  t h e  d e s i r e d  c o n c a v i t y  d u r i n g  welding;  t h e r e f o r e ,  a  d e c i s i o n  
was made t o  change t o  Incone l  X .  

B .  A t  t h e  r e q u e s t  of P r o p u l s i o n  D i v i s i o n ,  f a i l u r e  a n a l y s e s  a r e  b e i n g  
made on s e v e r a l  General  E l e c t r i c  Corpora t ion  and Aeroquip Corpora t ion  
b razed  f i t t i n g s .  These  f i t t i n g s  f a i l e d  d u r i n g  v i b r a t i o n  t e s t i n g  a t  500°F 
(260°C) t empera tu re .  

I V .  S p e c t r o g r a p h i c  Analyses 

Three  hundred and f o r t y - e i g h t  d e t e r m i n a t i o n s  were made on t h i r t y - o n e  
samples and two hundred and f i f t y  s t a n d a r d  d e t e r m i n a t i o n s  were made. 

V .  I n f r a r e d  Analyses 

F o r t y - f i v e  q u a l i t a t i v e  a n a l y s e s  were made by i n f r a r e d  t echn iques  on a 
v a r i e t y  of m a t e r i a l s  i n c l u d i n g  i r r a d i a t e d  Freon,  T e f l o n  c o a t i n g ,  polymer 
i n t e r m e d i a t e s ,  s o l v e n t s  and p l a s t i c i z e r s .  



V I  . Chemical Analyses 

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

Residue from o i l  specimen f o r  
carbon 

Polymer samples f o r  
carbon 
hydrogen 
n i t rogen  
s i l i c o n  
phosphorus 
epoxide equ iva l en t  

Metal samples f o r  
carbon 
n i t r o g e n  

Gas samples f o r  
oxygen 
n i t r o g e n  
argon 
hydrogen 
carbon d ioxide  

V I I .  Physico Chemical Analyses 

Dens i ty  of 
RP-1 f u e l  
Freon E 3  

V i scos i t y  of Freon E 3  
Molecular Weight of Polymers 

Determinat ions 

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

Items - 
molded and extruded 
coated 
cemented 
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 

Acid cleaned 
degreased and cleaned 
gold p l a t ed  
s a l t  spray  t e s t e d  



X .  Development Shop Product ion 

A .  A t o t a l  of 10 ,720  man-hours, d i r e c t  l a b o r ,  was u t i l i z e d  d u r i n g  t h i s  
r e p o r t  p e r i o d  f o r  machining,  f a b r i c a t i n g ,  and weld ing .  

B. Four thousand seven hundred and t h i r t y - o n e  man-hours, approximately  
44 p e r c e n t  of t h e  t o t a l  man-hours, were expended on work of a  n o n r o u t i n e  
n a t u r e  and a p p l i e d  t o  t h e  work o r d e r s  l i s t e d  below. 

1. S ix- Inch  U .V. Camera Assembly 

F a b r i c a t i o n  of t h e  second 6- inch camera assembly i s  h e l d  up 
pending d e s i g n  changes .  

2 .  Coupling Assembly 

Work on t h e  coup l ing  assembly i s  approximately  50 p e r c e n t  
complete  . 

3 .  S a t u r n  V S led  T e s t  Module 

Assembly o f  t h e  S a t u r n  V s l e d  t e s t  module i s  underway. 

4 .  R o l l e r  Bear ing Assemblies 

The ATM r o l l e r  b e a r i n g  t e s t  components a r e  completed and 
d e l  i v e r e d  . 

5 .  Models of ATM Experiment Package 

Development of models of t h e  ATM exper iment  i s  1 5  p e r c e n t  comple te .  

6 .  S imula to r  Mass N e u t r a l  Buoyancy 

The s i m u l a t o r ,  mass n e u t r a l  buoyancy i s  complete  and d e l i v e r e d .  

7 .  Hydrazine Envine Mock-up and F i x t u r e  

The hydraz ine  e n g i n e  mock-up and f i x t u r e  h a s  been completed.  

8 .  PM/Rack and 1 / 1 0  S c a l e  Model 

The PM/Rack and 1 / 1 0  s c a l e  model have been completed and 
d e l i v e r e d .  

9 .  Brush T e s t e r  

The brush t e s t e r  i s  complete and d e l i v e r e d .  

1 0 .  ATM Contamination T e s t  F i x t u r e  

P lann ing  i s  completed and work is  i n  p rocess  on t h e  ATM 
c o n t a m i n a t i o n  t e s t  f i x t u r e  . 
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X I .  Misce l l aneous  

A .  Twenty-two m a t e r i a l s  were e v a l u a t e d  f o r  LOX s e n s i t i v i t y  i n  
accordance  w i t h  t h e  p r o v i s i o n s  of MSFC-SPEC-106B. Data g e n e r a t e d  
from t h e s e  e v a l u a t i o n s  were forwarded t o  r e q u e s t i n g  groups  and w i l l  
a p p e a r  l a t e r  i n  a p p l i c a b l e  r e p o r t s .  

B . E i g h t  a n a l y s e s  were made by chromatographic t e c h n i q u e s .  

C .  T h i r t y - t h r e e  i tems of s t a i n l e s s  s t e e l ,  two i tems of aluminum 
a l l o y  and one i t e m  of t o o l  steel were h e a t  t r e a t e d  d u r i n g  t h i s  r e p o r t  
p e r i o d .  

X I 1  . P u b l i c a t i o n s  

None. 

/( , 
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GEORGE C. MARSHA1.L SPACE FLIGIlT CEXTER 

MONTHLY PROGRESS REPORT 

VEflIC1,E SYSTEMS DIVISION 

(September 1, 1967, through September 30, 1967) 

SATUR?? I R  

I. S-IVB Stage 

A. Pump Seal Bleed Overboard Drain System 

An overboard drain system for the S-IVR-204 5-2 enq;ine LO2 
pump seal bleed system was documented. The confipration of the 
system will be similar to that provided on the S-IVR-501 staqe except 
that a hard line will be required for S-IVS-204 and stlbsenuent stages. 

R .  Certificate of Comnonent Qualification (COCQ) 

1. The following list reflects the status.of the division's 
COCQ's for S-1%-204: 

Critical >!umber Certificates Certificates 
Components Cualif ieil Avail able - Sinned 

2. A list of critical components for S-IVR-206 was com- 
pleted. These components will require submittal of COCQ's by the 
stage.contractor. The status of the COCQ's for S-IVR-206 is as follows: 

Critical Number Certificates Certificates 
Components i f  i e  -Available Signed 



C. Hypergo l ic  P r o p e l l a n t  Leakage 

S t u d i e s  were completed on t h e  volume of h y p e r g o l i c  pro- 
p e l l a n t  which cou ld  b e  t r apped  i n  t h e  S-IVR forward s k i r t  shou ld  
l e a k a g e  o r  f a i l u r e  of t h e  d i s c o n n e c t s  on t h e  l u n a r  module (LM) and 
s e r v i c e  module (SM) occur .  The s t u d i e s  r e v e a l e d  t h a t  approx imate ly  
98 c u b i c  f e e t  of t h i s  p r o p e l l a n t  cou ld  be  t r apped  i n  t h e  S-IVB f o r -  
ward s k i r t  b e f o r e  t h e  l i q u i d  l e v e l  would rise above and f low o u t  o f  
t h e  forward s k i r t  v e n t s .  

I .  Genera l  

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

The d e t a i l  q u a r t e r l y  weight  s t a t u s  r e p o r t  f o r  t h e  SA-212 
launch  v e h i c l e  ( t h i r d  g e n e r a t i o n  weight  breakdown) was completed 
and d i s t r i b u t e d .  

B. C h e c k l i s t s  

Rev is ion  1 4  of t h e  S a t u r n  IR C h e c k l i s t  was d i s t r i b u t e d .  

C. Nose C o x  

The Nose Cone end i t em s p e c i f i c a t i o n ,  p a r t  11, w a s  approved 
and forwarded t o  t h e  r e p o s i t o r y .  

SATURN V 

I. S-IC S t a g e  

A. R e t e s t  of Forward S k i r t  E l e c t r i c a l  C o n t a i n e r s  

The r e t e s t  o f  e l e c t r i c a l  c o n t a i n e r s  60B70515-1 and 6OR70521-1 
was c a n c e l l e d  due t o  u n a v a i l a b i l i t y  of p a n e l s .  Commanrl d e s t r u c t  con- 
t a i n e r  fiqP70747-1 was submit ted f o r  t h i s  test. Dummy components w i l l  
be  i n s t a l l e d  i n  t h i s  c o n t a i n e r  and v i b r a t i o n  t e s t i n g  w i l l  be  performed 
i n  t h r e e  axes .  The s a f e t y  and arming (S&A) d e v i c e  w i l l  have a n  a c c e l -  
e romete r  mounted t o  i t  i n  o r d e r  t o  de te rmine  t h e  t r a n s m i s s i b i l i t v  
a c r o s s  t h e  S&A mounting b r a c k e t .  

R. -- Hazardous Gas D e t e c t i o n  System (HGD_sL 

A s t u d y  was prepared t o  d e f l n e  proposed m o d i f i c a t i o n s  t o  
t h e  e x i s t i n g  i n t e r t a n k  overboard b leed  system which w i l l  p r e c l u d e  t h e  
requ i rement  f o r  a n  HCDS i n  t h i s  comnartment on t h e  S-IC-1. T h i s  s t u d y  
w i l l  be  used t o  e v a l u a t e  The Boeinq Com~any ' s  (TRC) e f f o r t  on t h i s  
s u b j e c t  . 



. - Tes t  - -..---- Specif i  c a t i o n s  a ~ d  C r i t e r i a  -- - (CAT.TPS Switches) -- - --  

'I s t u d ~  of t h e  pressure  ramp r a t e s  user1 f o r  a ~ t t o m a t i c  
p re s su re  s1:itch checltout on t h e  s-TC s t ~ s e  is  beinr: nerformer',. Pre- 
viou.: rnmn r a t e s  were i nc l~~dec l  as recr~~i rements  i n  t h e  Level 3 qa tu rn  
I n t e r f a c e  Control Docr~ment (TSD) Fltlid Pequi reaents  (I 7M50996). TRC 
has pronosed a  new s e t  of va lues  which a r e  being comnared wi th  t h e  
e s t a b l i s h e d  r a t e s .  

D. -------- Flu id  Requirements- -- 

Level A and R I n t e r f a c e  Revision Notices  (TQN's) were 
prepared t o  i nco rno ra t e  chanqes i n  f l owra t e s  f o r  t h e  S-TC l ox  h u h b l i n ~  
system i n t o  documents 651CD9401, 651CQ9771, and 13M50096. This  w i l l  
c l o s e  t he  a c t i o n  remainine from t h e  Prooram Yanagers P r e f l i q h t  Readi- 
ne s s  9eview (PMPFR) on t h e  de f i c i encv  of t he  l ox  buhblinq svstem a t  
Kennedy Space Center (KSC) .  The s t a g e  system was previously re-  
balanced a t  Mis s i s s inn i  Tes t  F a c i l i t y  (YTF) and t h e  corresnonding 
requirements  s e t t i n g s  were chanqed a t  KSC. 

An i n v e s t i q a t i o n  of t h e  S-TC i n t e r t a n k  lox  l i n e  vent  system 
i s  being conducted by YSC. Tn o rde r  f o r  t h e  i n t e r t a n k  umbil ical  
c a r r i e r  t o  r e t r a c t  w i t h i n  t h e  al lowable t ime ( 5  seconds) t h e  l ox  l i n e  
p re s su re  cannot exceed 6 p.s . i .g .  a t  umbil ical  disconnect .  YSC has 
been unable t o  v e r i f y  t h e  lox  l i n e  and vent  svstem presst t re  e x i s t i n y  
a t  i n i t j a t i o n  of l ox  l i n e  purqe (T - 70 seconds).  This  d i v i s i o n  
i s  p r e s e n t l y  designinn r e t a i n e r  devices  t o  maintain t h e  l ox  l i n e  
umbi l i ca l  d e b r i s  va lves  open a t  umbi l ica l  disconnect  t o  a s su re  t h a t  
no p re s su re  w i l l  e x i s t d u r i n g u m b i l i c a l  r e t r a c t .  This  chanae w i l l  be 
accomplished bv f i e l d  engineer ing change (FEC) f o r  AS-501. For 
subsequent v e h i c l e ,  KSC w i l l  r e so lve  anv problems e x i s t i n g  i n  t h e  l ox  
f a c i l i t y  vent  system. 

F. LOX Vent Valves I n t e r l o c k  

An Engineering Chanee Request (ECY) was p r e ~ a r e d  t o  remove 
t h e  open p o s i t i o n  i n d i c a t i o n  of both S-IC l ox  tank  vent  va lves  from 
t h e  i n t e r l o c k  l o g i c  t h a t  a l lows lox  f i l l  t o  s t a r t  and cont inue.  This  
w i l l  permit  manual ope ra t i on  of t he se  vent  va lves  t o  c o n t r o l  l ox  
tank  p re s su re  during t h e  lox  loading opera t ion .  This  i s  a  temnorarv 
f i x  f o r  SA-501 t o  r e so lve  problems caused by nega t ive  p re s su re  s p i k e s  
which can cause nega t ive  p re s su re  t o  develop i n  t h e  tank.  

G. Hydraul ic  Supply .and Checkout Unit  (HSCI!) 

I .  Acceptance t e s t i n g  f o r  t h e  4 accumulator bank assembl ies  
and t h e  PO p o r t a b l e  pneumatic r e g u l a t o r  u n i t s  (PPRU's) was c o m ~ l e t e d .  
Shipment of t h e s e  i tems was made t o  MSFC and KSC during t h e  e a r l y  p a r t  
of t h e  month. 



2 .  T n v e s t i g a t i o n  of t h e  80P c.p .s .  n o i s e  problem exper ienced  
on t h e  o u t o u t  s i g n a l  of t h e  FSCU l o c a l  and u m b i l i c a l  t r a n s d u c e r s  a t  
KSC is  c o n t i n u i n q .  A t  t h i s  p o i n t .  i t  a n p e a r s  t h a t  t h e  n o i s e  i s  b e i n e  
q e n e r a t e d  i n  t h e  PSCU s i g n a l  c o n d i t i o n i n g  c i r c u i t s  subsequent  t o  
a p p l i c a t i o n  o f  400-cycle Dower t o  t h e  maqnet ic  a m p l i f i e r  of t h e  se rvo-  
system. A l t h o u ~ h  t h i s  n o i s e  does  n o t  a f f e c t  t h e  o p e r a t i o n  of t h e  TTSCIJ 
se rvosys tem,  it does  c r e a t e  a  problem a t  KSC i n  t h a t  t h e  d i ~ i t a l  d a t a  
a c q u i s i t i o n  system (DDAC) samples t h e  o u t p u t  s i g n a l  of t h e  HSCU a r e s s u r e  
t r a n s d u c e r s  a t  t h e  rate of 1 2  samples p e r  second. 

3. T e s t i n g  o f  t h e  Systems Development F a c i l i t y  (SDF) TISCTJ 
h a s  v e r i f i e d  t h e  e x i s t e n c e  of t h e  above n o i s e  problem: however, i s o -  
l a t i o n  o f  t h e  c a u s e  h a s  n o t  been estnblishec!. T r o r ~ b l e s h o o t i n q  pro- 
c e d u r e s  a r e  beinq p repared  t o  i n c l u d e  i n s t a l l a t i o n  of a  s i m p l i f i e d  
f i l t e r  network i n  t h e  maqnet ic  a m p l i f i e r  c i r c u i t r v ,  I t  i s  a n t i c i p a t e d  
t h a t  t h e s e  t e s t s  w i l l  be completed dur inq  t h e  nex t  month. 

1 .  Plush  and Pnrp,e S e r v i c e r  (F&PSl  

1 .  An i n f o r m a l  r e p o r t  was r e c e i v e d  from YSC t h a t  bo th  S-IC 
F&PS u n j t s  were contaminated - u n i t  1 w i t h  o i l  and u n i t  2 w i t h  m e t a l i i c  
p a r t i c l e s  and v a t e r .  KSC n e r s o n n e l ,  i n  an a t t empt  t o  s a l v a q e  t h e  u s e  
of F&PS u n i t  1, removed t h e  t r i c h o l o t h v l e n e  ( t r i c h )  f j l t e r  bowl from 
t h e  u n i t  t o  p a i n  a c c e s s  t o  t h e  f i l t e r  element f o r  c l e a n i n g  purposes  
and found t h e  e lement  miss inq .  An element was l o c a t e d  a t  Wal ter  
Kidde & Company and exned i ted  t o  YSC where t r i c h  r e c i r c u l a t i o n  opera-  
t i o n s  ( w i t h  t h e  P&PS u n i t )  a r e  now bein- performed. 

2. T t  i s  a n t i c i ~ a t e d  t h a t  t h e  t r i c h  svstem w i l l  c l e a n  
i t s e l f  of contaminants  i n  a  t i m e l y  manner a s  this c a p a b i l i t y  h a s  been 
demonstra ted s e v e r a l  t imes  d u r i n q  test in^ a t  Wal ter  Kjddc & Company 
and a t  YSFC. The s o u r c e  of o i l  contamination i n  u n i t  1 remains  un- 
known. The F&PS u n i t  w a s  c e r t i f i e r ?  c l e a n  bv government s o u r c e  i n s p e c t i o n  
a t  t h e  c o n t r a c t o r  s i t e  n r i o r  t o  shipment t o  KSC. The ~ o v e r n i n g  
clean in^ procedure  was W 151933, which was apnroved by YSFC and 
i n c l u d e s  n o n v o l a t i l e - r e s i d u e  checks.  

3 .  Unit  2 was a p p a r e n t l v  contaminated wi th  w a t e r  d u r i n ~  
shipment t o  KSC from MSFC, s i n c e  c l e a n  samples (anproaching l a h o r a t o r v  
pr imarv s t a n d a r d s )  were  o b t a i n e d  d u r i n e  r e c i r c u l a t i o n  t e s t s .  The 
h o s e s  and q u i c k  d i s c o n n e c t s  were a l l  s e n t  o u t  f o r  c l e a n i n g ;  t h e v  were 
accep ted  a s  c l e a n  by O u a l i t y  and R e l i a b i l i t v  Assurance Labora to ry  p r i o r  
t o  shipment of t h e  u n i t  t o  KSC. The m e t a l l i c  p a r t i c l e s  which were 
found i n  dead-headed l i n e s  of t h e  F&PS t r i c h  system were p robab ly  
d e n o s i t e d  as a r e s u l t  of a  miss ing  f i l t e r  element i n  t h e  t r i c h  f i l t e r  
d u r i n g  i n i t i a l  f i l l i n g  and r e c i r c u l a t i o n  tests conducted hy T e s t  
Labora to ry  p e r s o n n e l  d u r i n g  t h e  e a r l y  phase  of v e r i f i c a t i o n  test in^ 
a t  MSFC. 



I. Tes t  A c t i v i t i e s  on-Engine Acti~ators- 

Tes t ing  resumed on September 19,  1967, f o r  t h e  Lightweight 
Manual Engine Actuator (Roeinr PIN 65036857-1) and t h e  Enqine Actuator  
Power Pack (Boeing PIN 65B36857). These t e s t s  a r e  being conducted on 
r e b u i l t  u n i t  number 1 a t  Yichoud. 

I .  S-I1 Stage 

A. Cable I n s t a l l a t i o n  Procedure Review 

An Engineerinq Change Request (ECR) w a s  p r e ~ a r e d  and sub- 
mi t t ed  r equ i r ing  t h e  add it ion  of a 15-inch maximum spacing between 
cab le  harness  connectors  and t h e  f i r s t  support  clamp fox  t h e  s t age .  
This  ECR is  the  r e s u l t  of a meeting a t  North American Aviat ion (NAA) 
on cab le  harness  i n s t a l l a t i o n  specifications. 

8. I n s u l a t i o n  Purge Pneumatic Control  Console ('37-45) 

1. The i n l e t  and o u t l e t  l i n e s  of t h e  forward bulkhead 
in su la t ed  a r e a  a r e  being reversed a t  KSC t o  permit purge of i n s u l a t i o n  
a t  t h e  probable c rack  po in t s .  The new i n l e t  l o c a t i o n  w i l l  d i l u t e  any 
hydrogen l e a k s  and minimize cryopumping. Line revers ing  i s  beine 
accomplished a t  t h e  swing arm hinge po in t  where l i n e  diameters  a r e  
t h e  same. I n  a d d i t i o n ,  t he  crossover  is  downstream of t h e  i n l e t  
l i n e  f u l l  f low r e l i e f  valve.  Consequently, t h e r e  i s  no hardware 
impact a n t i c i p a t e d .  

2. The e x i s t i n g  1/2-inch f a c i l i t v  l i n e  s e rv i c ing  t h e  S-I1 
s t a g e  lower cy l inde r  i n s u l a t i o n  and J - r ing  a r e a  i n l e t  is being rep laced  
wi th  a 1-inch l i n e .  The l i n e  diameter  i nc rease  is  requi red  t o  support 
a d i f f e r e n t i a l  p ressure  of 0 .4  p.8.i.g. i n  l i e u  of a ~ r e v i o u s  maximum 
a l lowable  d i f f e r e n t i a l  p re s su re  of 2.0 p . s . i .g .  The e x i s t i n g  112-inch 
i n l e t  l i n e  does not a l lotr  s u f f i c i e n t  p re s su re  a t  t h e  s t a g e  disconnect  
t o  overcome t h e  s t a y e  hack pressure .  Therefore,  t h e  o u t l e t  p re s su re  
is  not  s u f f i c i e n t  t o  meet t h e  0.3 n.9.i.q. qinirnum requirement fn t h e  
?round support  equipment where the  recordiny and monitoring func t ions  
a r e  obtained.  

3. The l e a k  de t ec t ion  and aurye system onerated wi th in  
r e d l i n c  l i m i t s  4urinc: t h e  f i r s t  $-11-2 s t a g e  s t a t i c  f i r i n ~ .  ?To~3rever, 
i n l c t  nrcssl l re  was hclox: esqecterl l c v e l s  t h a t  w e r e  an t i c ipa t ed  a s  
it rcsu1.t of increased r e ~ u l a t o r  canac i ty  and do~mstrearn sensing.  Dre-  
l i q i n a r v  ann lvs i s  pointed t o  n l i n e  r e s t r i c t i o n  resu l t inp ,   fro^ tempornrv 
i n s t a l l a t i o n  of a fl.or,meter between t h e  sensing l i n e  and the  umbil ical  
p l a t e .  The i n v e s t i g a t i o n  i s  cont inuin?.  



C. S i n g l e  l 'hrend Ana lvs i s  

A r e v i s e d  S i n q l e  Thread A n a l y s t s  was completed f o r  t h e  S-IT 
s t a g e ,  SA-501 launch v e l ~ i c l e .  T h i s  n n a l y s i s  p r e s e n t s  a sumrnarv of 
t h e  $-IT s t a g e  f a i l u r e  e f f e c t s  a n a l y s i s  and t f l e  J - 2  enq ine  f a i l u r e  
e f f e c t s  a n a l v s i s  i n  t h e  form of a comnact, q r n p h i c  sunmarv of t h e  c a u s e /  
e f f e c t  r e l a t i o n s h i p s  between c r i t i c a l  f a i l u r e s  and t h e i r  c r f t i c a l  
e f f e c t s .  Component f a i l u r e  t y p e s  a r e  nrranqed accord ing  t o  t h e i r  
r e l a t i o n s  t o  t h e  o c c u r r e n c e  o f  s p e c i f i c  o v e r a l l  f a i l u r e  e f f e c t s .  

Acceptance t e s t i n o  was comnleted on t h e  I n t e r m e d i a t e  Tlmbilical 
C a r r i e r ,  model A7-41 ( u n i t  numher 8). Accentance t e s t i n q  began on 
t h e  LOX p r o p e l l a n t  counl-inq,  model A7-65 ( u n i t s  3 ,  6 ,  7 ,  and 8) and 
t h e  LH p r o p e l l a n t  c o u p l i n g s ,  model A7-64 ( u n i t s  3 ,  6 ,  7 ,  and 8) .  
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111. S-IVR S t a g e  

A .  Umbilicals-  

YcDonnell Pouo,las Corpora t ion  ("C) s u c c e s s f u l l y  completed 
n u a l i f i c a t i o n  tes t incr  of t h e  LIT2 f i l l  and d r a i n  d i s c o n n e c t  on September 11, 
1967. The d i v i s i o n  now c o n s i d e r s  t h e  v e h i c l e  s e a l  q u a l i f i e d  f o r  u s e  
on SA-501 and subsequent  v e h i c l e s  and SA-204 and subsequent  v e h i c l e s .  

Q u a l i f i c a t i o n  T e s t  Repor_t9 

1, General  t e s t  p l a n  change r e q u e s t  numher 1335P, concern ing  
t h e  hydrogen v e n t  d i s c o n n e c t  ( i t em number H-8R) was c o o r d i n a t e d  and 
recommended f o r  approva l .  

I V .  Genera l  --- 

A. 5-2 Engine LO, Pump S e a l  Bleed Overboard Dra in  System .- 
YSFC t e s t i n g  on t h e  t e f l o n  d u c t  material f o r  t h e  .T-2 e n g i n e  

LO pump seal b leed  system overboard d r a i n  l i n e  f o r  AS-501/S-11 and 
S-PVD s t a g e s  was completed Sentember 1 9 ,  1967. The t e f l o n  duct in^ 
s u c c e s s f u i l v  wi ths tood  a combination o f  wors t  c a s e  S-I1 and S-IVR 
s t a g e s  v i b r a t i o n  environments  w h i l e  being p r e s s u r i z e d  a t  1 0  p . s . i . g .  
and -300°F. Based on t h e s e  test r e s u l t s ,  t h e  d u c t  material i s  cons idered  
a c c e p t a b l e  f o r  AS-501. A complete t e s t  r e p o r t  is  be ing  p repared  and 
w i l l  b e  submi t t ed .  AS-502 and subsequent  v e h i c l e s  w i l l  u t i l i z e  m e t a l  
l i n e s .  

R. P r o p e l l a n t  D i s p e r s i o n  System (PDS) I n s t a l l a t i o n  Problems 

1. S t u d i e s  were completed on means of p r e v e n t i n g  r e c u r r e n c e  
of t h e  PDS i n s t a l l a t i o n  problem exper ienced on S-IC-501. The pr imarv 
f i x  w i l l  c o n s i s t  o f  d e b u r r i n g  t h e  cowling segnen ts .  The secondary f f x  



w i l l  involve  c u t t i n e  t h e  cowl and designinq a  bolt-on cover.  Rased 
on t h e  r e s u l t s  of t h e  r e i n s t a l l a t i o n  on AS-501, it is  f e l t  t h a t  t h e  
primary f i x  w i l l  be s a t i s f a c t o r y .  

2. Documentation was prepared t o  r e v i s e  t h e  PDS systems on 
t h e  S-IVR and S-TI s t a g e s  t o  prevent  recur rence  of t he  i n s t a l l a t i o n  
problems experfenced on AS-501. The chanqes w i l l  c o n s i s t  of b e t t e r  
t o l e r a n c e  c o n t r o l  on bracke t  i n s t a l l a t i o n s  and c o n t r o l  of t o l e r a n c e s  
on PDS components. 

C. Tes t  Reports 

1. The q u a l i f  i c n t i o n  t e s t  r epo r t  f o r  t h e  VE127-0032 redesigned 
clamps was completed. This  test was a  s p e c i a l  t e s t  t o  q u a l i f y  t h e  
m127-0032 clamps f o r  use  on e l e c t r i c a l  con ta ine r  207 and i n  t h e  S-IT 
t unne l .  A memorandum was prepared s t a t i n g  t h e  reasons  why t h i s  test 
r e p o r t  is  Inconclus ive  and what w i l l  be necessary f o r  r e t e s t .  

2. The t e s t  r e p o r t s  f o r  t h e  frnci1.i.t-v and v i b r a t i o n  t e s t s  
of t h e  S6A device ,    art numhers 1.R33735-1 and 1333735-503, were completed. 

3 .  The d ~ t a l i f i c a t i o n  t e s t  r e n o r t s  and vi.hration and shock 
t e s t  p l ans  f o r  t h e  u1lap.e rpcl-et i q n i t i o n  CnF sepa ra t i on  device  and t h e  
u l l a g e  rocke t  confined de tona t ion  f u s e  i g n i t i o n  system were completed. 

D. '1-2 S t a r t  Tank Fmer~ency Vent Proc.ed11rg- 

One of t h e  ~ t o h l e m s  i d e n t i f i e d  by t he  Sa fe ty  Evaluati.nn 
Committee was a requi.rement t o  nrnvide c a p a h i l i t v  t o  c o n t r o l ,  from 
t h e  Launch Control  Center (LCIC), t h e  .J-2 enqine i ~ n i t i o n  phase so l eno id ,  
helium control.  so l eno id ,  and t h e  s t a r t  tank d ischarqe  so lenoid .  These 
func t ions  r e n u i r e  con t ro l  f n r  t h e  S-TI and S-TVR s t a q e s  during t h e  
terminal. phase of t h e  cot~ntdown. The change w i l l  provide a  backup 
method of vent in^ t h e  s t a r t  t ank  i f  t h e  normal capabi l . i ty  t o  vent  
t h r o u ~ b  t h e  s t a r t  tank vent  svstem is los t . .  The d i v i s i o n  p a r t i c i n a t e d  
i n  t h e  p repa ra t i on  and coord ina t ion  of t h e  ??CP.'s t o  provide t h i s  c a p a h i l i t v .  

. Dampinq , Ret rac t  , and Reconnec t-Sys t ern (PJLSl 

I. The malfunction in^ winch from the  Mobile Launch (MI,) -1 
svstem has  been t h r o u ~ h  a f a i l u r e  ana lys i s .  Uothinr conc lus ive  has  
been determined. The winch w i l l  be assembled t o  ope ra t i ona l  conf igur -  
a t i o n  and w i l l  underpo func t iona l  t e s t i n g  on t h e  NL-3 system a t  t h e  
swine arm t e s t  a r ea .  

2. The !4L-3 redundant system i s  I n  manufac tur in~ ,  s t a g e .  
The system, i n c l u d i n ~  9RRS console ,  is scheduled f o r  test in^ a t  t h e  
swing.arm t e s t  a r e a  becinnlng on October 9 ,  1967. 

3. The FflA-2 system i s  being made ready f o r  i n s t a l l a t i o n  on 
t h e  ?1L-2 tower a t  KSC. 



4. F n g i n e e r i n ~  Orders (EO's) and s p e c i f i c a t i o n  drawinns 
a r e  beina prepared t o  a d d  f i l t e r s  i n  t h e  pneumatic l i n e s  uvstream of 
t h e  r e ~ u l a t o r s  i n  t h e  ~ r i m a r y  system. 

Tes t  S p e c i f i c a t i o n s  and C r i t e r i a  

The con t ro l  r e l e a s e  adjustment c r i t e r i a  f o r  AS-501 Countdown 
Demonstration Test  (CDDT) was defined and t ransmi t ted  t o  t h e  Sa turn  V 
Test  Off ice .  S ix teen  con t ro l  r e l e a s e  mechanisms w i l l  be  u t i l i z e d  t o  
reduce the  s t r u c t u r a l  load in^ assoc ia ted  with t h e  sudden r e l e a s e  of 
t h e  holddown mechanisms a t  l i f t o f f .  The c r i t e r i a  t h e r e f o r e  r e l ea sed  
only  a p p l i e s  t o  CDDT. Resul t s  of t h e  CDDT w i l l  be used by S t r u c t u r e s  
Div is ion  t o  d e f i n e  t h e  adjustment c r i t e r i a  f o r  launch countdown. 

G. Rynergol Fuel L e a k a ~  

A synopsis  and an eva lua t fon  of measures c u r r e n t l v  being 
taken by KSC t o  p r o t e c t  versonnel  i n  t h e  Lunar Excursion Yodule (LEM)/ 
Instrument  Unit (IU)/S-IVR a r e a  from hypergol s p i l l a g e  and leakage 
were prepared. Current KSC nrocedures c a l l  f o r  a number of s a f e t v  pre- 
cau t ions  inc luding  use of t h e  Se l f  Contained Atmos~her i c  P r o t e c t i v e  
Ensemble (SCAPE) during LFM hypergol loading and l e a k  check in^. Af t e r  
loading  and l eak  checking, personnel w i l l  work i n  " sh i r t s l eeves . "  It 
was recommended t h a t  a "splash garment" be employed t o  preclude s k i n  
damaqe i n  t h e  event  of drippage. Also t h e  danger of sudden major 
r u p t u r e  is  considered s i q n i f i c a n t :  t h e  only poss ib l e  p r o t e c t i o n  i s  
continued use  of t h e  SCAPE s u i t .  

H. Veight S t a t u s  Reports 

The monthly weight s t a t u s  r e p o r t  t o r  launch v e h i c l e s  SA-591 
and SA-506 was completed and d i s t r i b u t e d .  

1. Yass C h a r a c t e r i s t i c s  

Revised n a s s  c h a r a c t e r i s t i c s  f o r  t h e  AS-502 o p e r a t i o n a l  
t r a j e c t o r y  were completed and d i s t r i b u t e d .  Mass c h a r a c t e r i s t i c s  f o r  
backup s t u d i e s  t o  t h e  AS-503 5-2 r e s t a r t  t e s t  mtssion using r e fe rence  
t r a j e c t o r y  weight and ~ r o p e l l a n t  d a t a  were furnished t o  Aero-Astrodynamics 
Laboratory. 

J. Saturn  V damp in^, Re t r ac t  and Reconnect Svstem (DRRS) Components 

1. The List of c r i t i c a l  components t o  be q u a l i f i e d  p r i o r  t o  
t h e  AS-503 latlnch was rev ised .  

2. The change t o  t h e  DRRS O&?? Manual dated August 16 ,  3.967, 
w a s  d i s t r i b u t e d .  The next  'change t o  t he  manual has  been scheduled f o r  
December 1967. 



I. Systems Design 

A. Clus t e r  

1. The follow in^ were added t o  t h e  Inboard Prof i le /Space  
Envelope Layout, SK10-9317: 

The i n t e r f a c e  d e f i n i t i o n  f o r  experiment S 4 6 9  e x t e r n a l  
package, dock in^, and flood l i ~ h t s .  

Pxperiment T-023 su r f ace  absorbed m a t e r i a l .  

Pressure  drop sensor ,  T,O sensor ,  f i r e  d e t e c t o r  sensor .  
and a t o t a l  compartment p re s su re  sensol .  

2. SK10-9532, "Dyna~ ic  Tes t  A r t i c l e  Ouick Release MDC Fas tener , "  
was completed and de l ivered  t o  t h e  hTanufacturittq E n ~ i n e e r i n ~ :  Laboratory. 

R .  - Yul tin1.c nocking  Adapter (MDA] Documentation 

1. A l l  MnA documentation w a s  completed on t h e  unper h o t s t  
t r a c k  support  and t r o l l e y  assembly. The winch design i s  about 30 oercent  
conplete .  

2. T?ocumentation was i n i t i a t e d  on the  lower h o i s t  and t r a c k  
assembly. 

3. Systems requirements jn t he  doclcing tunnels  were def ined  
on SK10-9317, which inc ludes  ' s i x  e l  e c t r i  c a l  cabl-es, one n i t rocen  l i n e ,  
and one oxvqen l i n c .  The  f i n e s  and cab le s  w i l l  be located i n  t h e  same 
a r e a  and ~ , 7 i l l  he easI1v acces s ib l e  f o r  a s t ronau t  connection. II  Dro- 
t e c t i v e  f n i r i n v  w i l l  bc rlesiqnerl f o r  coverins  t h e  1-ines a f t e r  thev a r e  
connected. 

c.  Y u l t i p l e  noclr.inp. Adapter (:mA) Voclc~uts- 

1. D e t a i l s  f o r  t h e  Prel jminarv Design Review (PDR) moclzt~p 
of the  suppor ts  f o r  hard-mormtetl experiment packages, vacuum vent  l i n e s ,  
environmental cont ro l  system dvcts,MDA windows and c los inq  mechanisms, 
and dummy docking tunnel  covers  were rel.easec1 f o r  f a b r i c a t i o n  on September 6 .  
1967. Documentation of t h e  i n s t a l l a t i o n  of t hese  i tems i s  beinq completed 
on an assemblv drawino f o r  t h e  PDR mockun of t h e  YDA. 

2. D r a w i n ~ s  were completed f o r  PDR mockup of a l l  hard-mo~mted 
exneriment paclcages which arc. no t  on hand a t  FISFC, except f o r  5-070 and 
probe stowage. 



3. The detail drawing for PDR mocku~ of the ;?CIA internal 
mobility nole was completed. 

4 .  A dt~mmy hatch is being detailed to go in three docking 
tunnel locations on the PDR mockun. The Manufacturing Sngineering 
Laboratory was asked to obtain two flight Dressure hatches and mounting 
rings for installation in ports 1 and 5. 

5. A study is being made to determine if handling trunnions 
can be added to the XDA structural mockup as proposed by Manufacturing 
Engineering Laboratory. 

D. Neutral Buoyancy Mockups 

All future design modification to the neutral buoyancy mockup 
will be performed by Manufacturing engineer in^ Lahoratorv which will 
also be responsible for all future design conversions for neutral buovancy 
mockups. The design requirements will be submitted to Manufacturing 
Engineering Laboratory. 

E. Apollo Telescope Mount (AT1vl) - 

1. Requirements for an active cooling system for A17.I were 
received from Pro~ulsion Division. These requirements were added to 
SK10-7328, "ATM Fxperiment Package Subassembly." 

2. ATX to LM Ascent Stage Clearance Envelope, SK10-9921, 
was revised to its B revision. This drawing shows all protrusions into 
the payload area above 1,M station 200 and clearances to SpacecraftILM 
Adapter (SLA) and LX withdrawal cone. 

3. A radiation abatement plan, summarizing the management 
aspects of the ATFT film fogging problem, was prepared by this division 
and Space Sciences Laboratory. The initial draft of the document was 
prepared by this division on September 12, 1967, usinq Space Sciences 
Laboratory's "AT?I Optical Environmental Contamination Control and Abate- 
ment Plan" as a model. The final draft copy including Propulsion and 
Vehicle Engineering Laboratory comments was returned to Space Sciences 
Laboratory. 

F. Experiment Package Fastener Development Program - Orbital Workshop 

Development testing on four different configurations bf ouick 
release fasteners for the U P - 2  experiment packages is being planned. 
The ?EFC split nut and FIDA fastener will be delivered as government- 
furnished equipment. The "IDA/Yartin company hardware to be tested will 
be shipped to FISFC. 



G. - Nuclear Ground Test  Yodule (VCTN) -.- 

I.. Layout study of t h e  f l i g h t  ha l f  of t h e  proposed e l e c t r i c a l  
umbi l ica l  disconnect  showed t h a t  t h e  mounting f l a n ~ e  is  not  s u i t a b l e  f o r  
s e a l i n g  i n  t h e  a f t  s k i r t  pene t r a t ion .  As t r ion ic s  Isahoratory was advised 
of the  problem and was requested t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of pro- 
v id ing  t h e  connector wi th  3-inch f l anges  with a machined s e a l i n g  su r f ace .  

2. Layout work on t h e  p r e s s u r i z a t i o n  l i n e  i n  t h e  forward bulk- 
head a r e a  shows an ex tens ive  i n t e r f e r e n c e  with t h e  proposed S-IC forward 
acces s  platform. An a l t e r n a t e  layout  was prepared and proposed t o  t h e  
Propulsion Divis ion.  The Propulsion Divis ion has i nd ica t ed  t h a t  t h e  
s i z e  of t h e  p r e s s u r i z a t i o n  l i n e  is  t o  be changed and t h e  new rout ing  
w i l l  be used when t h e i r  rev ised  lapout  is  issued.  

3. A concept f o r  a cab le  suspension system t o  mount and 
recover  pass ive  r a d i a t i o n  d e t e c t o r s  i n  t he  p rope l l an t  tank  is being 
developed. 

4. The l o c a t i o n  of t h e  a f t  i n t e r f a c e  between the  S-IT t r ans -  
p o r t e r  and the  NCm will .  be s t a t i o n  130.14, no t  s t a t i o n  125.33. The 
r e l o c a t i o n  has been coordinated with S t r u c t u r e s  n iv i s ion .  

I T .  Systems Operation 

Apollo Appl ica t ions  Program (AAP) F l i ~ h t  Sequence 

The AAP-2 Design Reference Sentience (drawing 19?43n781) w a s  
reviewed with ?fanned Spacecraf t  Center (MSC). The review h iqhl iqhted  seve ra l  
s i g n i f i c a n t  problem areas .  One of t he  most s t ~ n i f i c a n t  of t hese  i s  t h a t  
t h e r e  a r e  no present  n lans  t o  have a s t ronau t  s u i t  umbi l ica l  connect ions 
3n t h e  V 9 A .  The a s t r o n a u t s  a u s t  be a b l e  t o  ope ra t e  i n  a vacuum environ- 
ment i n  t he  MDA rising command s e r v l c e  modulc (CS?*) umhil ical  connect ions 
under c e r t a i n  condi t ions .  'llith r e snec t  t o  another  s i ~ n i f i c a n t  p r n h l e ~ ,  
'+?C: w i l l  ~ ' t t ~ r m i n e  i f  t h ~  a f t  a i r l oc l i  modulc (AN) environmental con t ro l  
svstems (FCS) can o p e r l t e  i n  a vacuum. This  would provide a redundant 
ECC, f o r  t h e  'mh contincrmcv mode (workshop not  hab i t ab l e ) .  

T T T .  Svstems F n ~ i n e e r i n y  

1. The AAP monthly payload weight s t a t u s  r e p o r t  was  completed and 
r l i s t r i h u t ~ r l .  

2.  Since a r c d i a t i o n  sh i e ld inq  may be requi red  hv t h e  A F T  
exneriments,  an  annlvqfs  vaq m a d e  t o  determine t h e  p o t e n t i a l  w e i ~ h t  saving 
t h a t  could be r r a l i z e d  by the  use of t he  Data s e t u r n  Capsule ( D R C ) .  T t  
was found t h a t  a wei-ht saving of 110 pounds COUIC~ be obtained hv usin!? 
9YC's t o  r e t u r n  the  ATY f i lm  nackayes everv four tcen  davs. 



3 .  An i n v e s t i g a t i v e  s tudy of major problems concerned wi th  
t h e  s e rpen tua to r  and the  t a s k  of design in^ a comnuter t r a i n i n g  program 
was i n i t i a t e d .  A work schedule  f o r  t h e  next  t h r e e  months was developed 
and major problem a r e a s  def ined .  The major problems appear t o  be t h e  
t r a n s p o r t a t i o n  of an  umbi l i ca l ,  a  s e rpen tua to r - t i p  works ta t ion ,  and 
t h e  C l u s t e r  end base mount. 

4. A c r i t i q u e  of t h e  Astronaut  Operat ions Requirements Docu- 
ment (AORD) was w r i t t e n  i n  an a t tempt  t o  i n i t i a t e  t h e  development of 
a  u n i f i e d  format f o r  a l l  f u t u r e  A0RDts. A d e t a i l e d  format was completed 
which w i l l  be implemented a s  requi red .  

5. An i n v e s t i q a t i v e  s tudy of a s t r o n a u t  t r a f h i n g  requirements  
f o r  t h e  Yl'lA and t h e  OWS was i n i t i a t e d .  A t r a i n i n g  p l an  wi th  schedules  
and t r a i n i n g  course  m a t e r i a l s  was o u t l i n e d .  

E. O r b i t a l  Workshop (()Ids) T e s t s  

1. Neut ra l  buoyancy s imula t ion  t e s t s  of zero-g package t r a n s f e r  
were completed i n  t h e  Manufacturing Engineering Laboratorv n e u t r a l  
buoyancy f a c i l i t y  on September 14 ,  1967. 

2.  Neu t r a l  buoyancy s imula t ion  tests t o  eva lua t e  OWS crew 
q u a r t e r s  f l o o r  des igns  were completed f o r  t h r e e  f l o o r  g r i d s p a t t e r n s :  
3-inch t r ianqul .a r ,  5-1/4 inch t r i a n g u l a r ,  and 3-inch t r i a n g u l a r  modified 
t o  provide 6-inch t r i a n g u l a r  c u t o u t s  a t  s p e c i f i e d  i n t e r v a l s . .  Data a n a l y s i s  
i s  underway f o r  t h e s e  t e s t  resul t s ,  which w i l l  determine requirements  f o r  
a d d i t i o n a l  s imula t ion  tests. 

3. A schedule  f o r  t h e  n e u t r a l  buoyancy s imu la t i on  r equ i r ed  
t o  suppor t  OMS review i tems cliscrepancy ( R I D )  a c t i o n s  were developed 
and coordinated wi th  VanufacturBng Engineering Laboratory. Seven major 
s imu la t i ons  remain and they a r e  t e n t a t i v e l y  scheduled t o  be completed 
by December 12 ,  1967. 

C. Y u l t i p l e  Dockinz Adapter (MDA) Sequirements 

1. ?IDA con t ro l  and d i s n l a p  requirements  were formulated and 
t r ansmi t t ed  t o  As t r i on i c s  Lahoratorv. P r i o r  t o  t r a n s m i t t a l ,  however, 
t h e s e  requirements  were coorclinnted with personnel of "'9C t o  a s s u r e  
1\:n.\/A7! i n t e r f a c e  c m p n t i h i l i t y  and t o  ensure a g a i n s t  d ~ m l i c n t i o n  of 
capahi l - i tv .  

2 .  The crew s t a t i o n  p r e s e n t a t i o n  f o r  t h e  "mA PT)R were o u t l i n e d  
and Ffar t in  M a r i e t t a  Corporat ion,  T3ro~m Enyineerina Companv, and o t h e r  
3fqFC o rqan izn t ions  were asked to sunplv  v a r i o ~ ~ s  p o r t i o n s  by October 16 ,  
1967.  These i n p u t s  a r c  scheduled t o  he  reviewe?. irttc-'.yratcd, and T J I I ~ !  i shpd 
a veek and one-half p r i o r  t o  Pn?. 



3. T ~ P  ALP-? 'fnA launch moi~nted euperinent comvuter procram 
waq updated t o  r e f l e c t  c h a n ~ e s  t o  t h e  exneriment program. P r e s e n t l v ,  
t h e  program r e f  1 c c t s  23 e ~ p e r i n e n t s  stowed i n  t h e  ?mA dnr in? launch. 
This  program I s  used t o  t ab t i l a t e  t h e  physical  c h a r a c t e r i s t i c s ,  a s t r o n a u t  
one ra t i ng  t imes and mission c o n s t r a i n t s  f o r  t h e  U P - 2  experiment proqram. 

9. -.- Lunar ?loclulr (_T.'r)/Apollo T~_,Lflscope Plotint (ATPT)" 

1.  The  po in t in?  2nd Control c imulat ion (PCS) s imula tor  is 
now o n c r a t i n g  i n  Computation Laboratory. The hand c o n t r o l l e r  was 
i n t e e r a t e d  i n t o  t h e  c o n t r o l  ~ a n c l :  however, minor d i f f i c u l . t i e s  were 
encountered wi th  t h e  d i ~ i t a l  readout  meters .  

2.  The TdY/hT'?1 neu t r a l  buovancy mockun a r r ived  a t  ?Ianuf ac tur inr !  
S n ~ i n e e r i n r :  Laboratorv on September 8. 1067, from I,ockheed, Sunnvvale, 
C a l i f o r n i a .  The mockup is  scheduled t o  be nlnced i n t o  t h e  n e u t r a l  
buoyancy f a c i l i t y  during t h e  f i r s t  week of October wi th  t e s t i n g  s t a r t i n p ,  
s h o r t l v  t h e r e a f t e r .  

3.  The ATTQ pointinp, con t ro l  man-in-the-loop s imula t ion  program 
was presen ted  a t  t h e  AT".! Ouar t e r lg  Review on September 6 ,  1967 by t h i s  
d i v i s i o n .  The s imula t ion  nroRram invest lczates  man a s  main ta iner  of C l u s t e r  
a t t i t u d e  and i n v e s t i q a t e s  t h e  types  of c o n t r o l l i n g  a i d s  man wiJ .1  r e q u i r e  
t o  p e r f o m  the  f i n e  po in t ing  t a sk .  The MSFC human f a c t o r s  Drogram i n  
suppor t  of ATM was a l s o  presented.  

I V .  Systems Requirements 

1. Pre l iminary  d r a f t  of t h e  Voyager Shroud t o  s p a c e c r a f t  
f u n c t i o n a l  requirements  ICD was prepared and submitted t o  t h e  Xaboratorv 
P r o j e c t s  Off i c e .  

2.  Comments and changes were incorporated i n t o  t h e  Voyager 
Shroud R&D Plan and re turned  t o  t h e  p r o j e c t  manaEer f o r  h i s  review and 
approval .  

Ffu l t ip le  - dock in^ Adapter ( K I A )  Tes t  Program 

The l ack  of schedules  is  an outs tandfng problem i n  t h e  n r e p a r a t i o n  
of t h e  MDA test  program. Many mi les tones ,  da tes . , and  t i m e  spans have 
no t  been def ined:  however, e f f o r t s  a r e  being made t o  e s t a b l i s h  r e a l i s t i c  
tirme frames f o r  a l l  ou ts tanding  mi l e s tones  and events .  

C. O r b i t a l  tlorkshop (O'IJS) Tes t  P lan  

1. The pre l iminary  OWS gene ra l  t e s t  p lan  (YSFC t e s t i n c )  lOX0509h 
was completed. Comments from Propuls ion  Div is ion  have been rece ived  and 
a r e  being reviewed f o r  i nco rpo ra t i on  i n  t h e  t e s t  plan. 



2. A p re l iminary  d r a f t  of t h e  t o p  l e v e l  v i s i b i l i t y  schedule  
f o r  t h e  OWS d e l t a  PDR has  been prepared and is ready f o r  review by t h e  
Laboratory p r o j e c t  engineer .  

D. Nuclear Ground Tes t  Module (NGTM) Tes t  Plan 

I.. A d r a f t  copy of t h e  NGm gene ra l  test p lan  f o r  t h e  cold 
flow t e s t i n g  a t  MSFC was prepared and r e l ea sed  f o r  comment. E f f o r t s  
a r e  underway t o  r e v i s e  t h e  NGTM gene ra l  test p l a n  t o  inc lude  t h e  test 
e f f o r t  a s s o c i a t e d  wi th  t h e  umbi l i ca l s / s e rv i ce  arms and pneumatics 
ground suppor t  equipment (GSE) t e s t i n q  a t  YSFC. 

2. The cold flow NGTM (GTM 1 )  schedule  ba r  c h a r t  a c t i v i t i e s  
were updated. Pre l iminary  i l l u s t r a t i o n  and layout  work on GTM 2 ba r  
c h a r t  schedule  was completed toge ther  wi th  t h e  NGTM R&D p lan  GTM 1 
schedule .  

3 .  b?erva/Nuclear Ground Support Equipment Char te r  and D i r e c t i v e  
were prepared f o r  submission t o  t h e  l abo ra to ry  P r o j e c t s  Of f i ce  f o r  
coo rd ina t ion  and approval .  

E. Apollo Appl ica t ions  Program (AAP) Tes t  P lan  

1. Revision A of t h e  AAP-2 General Tes t  P lan  i s  ahout 90 percent  
complete. The scheduled completion d a t e  is  October 6,  1967. 

2 .  The Experiments General Test  Plan (10X05097) was completed 
and t r ansmi t t ed  f o r  approval .  

F. Apollo Telescope Yount (ATM) Schedule 

The l abo ra to ry  schedule  f o r  t h e  ATM proqram was prenared and 
submitted t o  t h e  ATY p r o j e c t  enc ineer  f o r  review and approval .  A 
p re l iminarv  AT" Lahoratorv Implementation Plan w a s  developed concur ren t ly  
wi th  t h e  l abo ra to rv  A T !  schedules .  
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SATURN IB 

I. S-IB Stage 

A. H- 1 Engine Stability Testing a t  Neosho and MSFC 

Testing was continued to investigate the recent  problem of 
combustion instability. Two engines were  tested a t  MSFC with s ix  
bomb-induced instabilities on each. No out- of - specification instabili t ies 
occurred.  One of the two engines was a l so  tested a t  Neosho where two 
out-of- specification instabilities occurred in  five tests .  Data f r o m  the 
severa l  t e s t  stands a r e  being studied to detect differences that might 
contribute to this occurrence.  

B . S-IB- 4 Gimbal Svstem Sam~l ing .  

The stage contractor was directed to take closed-loop fluid 
samples  f r o m  the gimbal systems on positions 1 and 3 of S-IB-4. This 
will provide a comparison between a sys tem that was flushed severa l  
months ago and a sys tem that was just recent ly flushed. If the smal l  
par t ic le  contamination i s  st i l l  present ,  m o r e  dras t ic  measures ,  such 
a s  fi l ter element removal and cleaning, may have to be taken. 

11 S-IVB Stage 

ORBITAL WORKSHOP (OWS) 

A. Auxiliary Attitude Control System 

A cost and manpower estimate was made for the complete 
design, development, and qualification of the attitude control system, 
assuming the work to be accomplished a t  MSFC. P r o g r a m  guidelines 



r equire that available hardware be used wherever possible. The 
engines, propellant tanks, and major subassemblies would be procured 
f r o m  industry.  Scopes of work and contract end i tem specifications 
were  written and a r e  awaiting allocation of funds and program direction. 

B . Environmental Contr 01 s y s  tem Duct Design 

The Environmental Control System (ECS) duct c a r r i e s  f r e s h  
a i r  f r o m  the Airlock and Multiple Docking Adapter (MDA) environmental 
control systems to the OWS aft  plenum where it i s  distributed for l ife 
support purposes.  The inlet of the duct will be placed a t  the forward 
dome of the OWS where the flex ducts f rom the Airlock and MDA ECS 
will be attached. The duct was sized to c a r r y  the combined flow of 
both ECS with a design p res su re  lo s s  of 0 .05  in. of water.  The duct i s  
6 in. in diameter and approximately 40 ft  long. 

C. Ventilation Sys tem Study 

The ventilation flow path requirements  and velocity distribution 
within the Orbital  Workshop volume were  determined, exclusive of the 
food and waste management a r e a s .  Because of the r eve r sa l  of the floor 
and ceiling locations, the fans were  relocated to the bottom of the thermal  
sleeve, and the c rew quar te rs  ceiling was used to f o r m  a mixing volume 
above the common bulkhead. A total of 336 holes (2 1/4 inches in  diameter  
and spaced on 1 foot centers )  was determined to give adequate flow dis t r i -  
bution compatible with fan-deliver ed p res su re .  These analyses were  con- 
ducted with the assumption of insignificant flow res t r ic t ions  and will 
r equ i re  verification when the floor design i s  established. 

D. Thermal  Sleeve Mounted Fan  Damper 

Previous studies had determined the need for a damper in  each 
of the thermal  sleeve fans to prevent back flow when the fans were  turned 
off. As a r e su l t  of the revised ventilation paths, back flow will be insignifi- 
cant, and the dampers  will not be required. 

E. Specific Humidity During High Metabolic Activities 

A cursory  analysis shows that the Airlock ECS package will 
not remove sufficient water vapor f r o m  the atmosphere to prevent 
excessive sweating of the internal Orbital  Workshop surfaces during 
periods of high astronaut activity. I t  was proposed that the s t ruc tura l  
transit ion section ECS be operated in conjunction with the &rlock ECS. 



I?. Paramet r i c  Thermal  Analyses 

P a r a m e t r i c  thermal  analyses to establish the atmospheric  
and thermal  environments a s  a function of attitude, dead band, heater 
power and inclination were  completed. The pa ramet r i c  data obtained 
were  sufficient for establishing a baseline change in  flight attitude, 
so lar  a r r a y ,  configuration and impact upon the thermal  control system. 
Design analyses  cannot be continued without establishment of attitude 
and solar a r r a y  baseline. 

G . Bulkhead Heat Loss 

The atmosphere heat  l o s ses  through the forward and af t  ends 
of the OWS were  determined for both gravity gradient and solar  fixed 
orientations. Assuming that the forward and aft sk i r t  were  coated with 
a paint possessing an ale = 1, the heat l o s ses  were  determined to be as 
high a s  3,800 Btuls /hr  and 7,300 Btu7s /hr  for solar fixed and gravity 
gradient attitudes, respectively . With high performance insulation 
mounted on the forward bulkhead and an  internal radiation baffle immedi-  
ately above the common bulkhead, these heat leaks can be reduced to 
approximately 1,000 Btulhr  and 2, 700 Btu/hr for the respect ive solar 
fixed and gravity gradient attitudes. Additional calculations a r e  requi red  
upon establishment of the insulation design concept. 

H, Utilization of S- IVB Stage Oxygen Propellant ~ e s i d u a l  

Utilization of the S-IVB stage residual  oxygen for Orbi tal  
Workshop pressurizat ion i s  feasible if propellant grade oxygen i s  
acceptable for breathing. With the cur rent  mission profile, the weight 
saving ( ~ 2 3 0  lbm) will be applicable to AAP- 1. However, for AAP-2, 
inclusion of sys tems to use residual  oxygen will r e su l t  in  a weight 
inc rease  of approximately 50 lb. 

I. Orbital  W o r k s h o ~  Auxiliarv Pr o ~ u l s i o n  Svstem (APSI 

A study of the thermal  environment of cr i t ical  electronic 
components for the S-IVB Orbital Workshop APS modules, the IU and 
the a f t  sk i r t  of the S-IVB was completed. The r e su l t s  indicated that 
these components can be controlled passively. 

Utilization of the IU ECS loop for placement of additional 
power regulator s for the solar a r r a y  panels on the Orbital  Workshop 
is being s tar ted.  The efficiencies of the battery, battery charger ,  and 
regulator were  established and the temperature l imi ts  set .  These 
regula tors  will be added in any further study of thermal  problems 
associated with the IU. 



111. Instrument Unit 

Sublimator Acceptance Tes t  

Sublimator SIN 028 completed the Acceptance Test,  and prel imi-  
nary  r e su l t s  appear satisfactory. 

SATURN V 

I. S-IC Stage 

A. F- 1 ENGINE 

1. R&D Engine Tes ts  a t  E F L  

Forty-five tes t s  were  conducted, and a total duration of 
5,032 seconds was accumulated. Twenty-five of these tes t s  were  full- 
duration runs  (150 seconds or more ) .  One t e s t  was terminated prema-  
turely due to faulty t e s t  instrumentation. 

2 .  Production Engine Testing a t  E F L  

Four tes t s  were  conducted, and a total duration of 294 
seconds was accumulated. One of these tes t s  was a full-duration run.  

Establishment of Data Reduction Deck, "FLYTE F- 1" 

The new Rocketdyne data reduction deck "Flyte F- 1" i s  
being made operational a t  MSFC. This deck will operate  on the S-IC 
flight measurements  and will be used for reduction of both flight and 
stage s tat ic  firing data. After i t s  operation i s  verified a t  MSFC, copies 
will be t ransmit ted to Slidell for NASA and Boeing use.  

B.  S-IC- 5 Acceptance Fi r ing  

The S-IC-5 s tat ic  firing was accomplished on August 25, 1967. 
The t e s t  was successful. One LOX vent valve was replaced pr ior  to the 
firing. 

C. Saturn V Payload Increase Due to R P -  1 Density Control 

A study was made to determine the possible increase  in the 
Saturn V vehicle payload capability by controlling R P -  1 density in  the 
S-IC stage. Payload can be gained by both decreasing the fuel density 



and controlling the variation of the density about the nominal. However, 
it was concluded that similar increases  could be obtained with m o r e  
confidence by reorificing the engines. 

D. P r e s s u r e  Switch Problems 

Two of four F- 1 Thrust  0. K. p ressu re  switches were  subjected 
to out-of-tolerance actuation p ressu res  during EDS reliability demonstra- 
tion testing and will be analyzed. 

One S-IC fuel tank p ressu re  switch failed due to a dented case.  
Correct ive action was recommended to test  and protect existing and 
future switches. 

E.  Geysering Suppression Sequence 

Tes ts  performed on S-IC-T a t  MSFC show that the 5-line 
helium bubbling system maintains 2 - 5 OF subcooled LOX in the suction 
lines.  This i s  not sufficient to prevent geysering when the recirculation 
sys tem i s  res tar ted  f r o m  a steady- state,  5-line bubbling condition. The 
following changes in the S-IC- 50 1 geysering suppression procedure were  
made: 

1. Recirculation Res tar t  

When recirculation has been stopped in excess  of five 
minutes (due to prevalve or  inter connect valve closur el  etc. ), the LOX 
tank must  be pressur ized  to 10 psig pr ior  to res tar t ing  recirculation. 

2. Draining 

Since the use of 5-line bubbling during draining could 
cause a hazardous condition to exist  if draining were  prematurely 
terminated (recirculation cannot be res tar ted  since the tank i s  a lready 
pressur ized) ,  two-line bubbling will be provided. 

11. S-I1 Stage 

A. J - 2  ENGINE 

R&D Testing a t  SSFL 

Twenty- s ix tes ts  were conducted, and a total of 3235 
seconds was accumulated. None of these tes ts  were  full-duration runs.  



2. Production Engine Tes t s  a t  SSFL 

Seven tes ts  were conducted with a total duration of 760 
seconds. None of these tes ts  were full-duration runs.  

3 .  Tes t s  a t  AEDC 

Four tes t  s e r i e s  were conducted a t  AEDC during the l a s t  
month. Two had 8 hot firings simulating S-IVB 80-minute orbi t  r e s t a r t s .  
One was conducted to evaluate the passivation sequence planned for the 
AAP missions.  The fourth se r i e s  had four spin t e s t s  to evaluate the 
capability of the full pump to s t a r t  a t  very low engine inlet p r e s s u r e  and 
NPSH, and one t e s t  to evaluate the emergency s t a r t  tank dump proce-  
dur e incorporated on SA- 50 1. 

4. LOX Seal Drain Line 

Testing a t  AEDC revealed that the burn-off plug was not 
acceptable for SA- 501. The design was changed to incorporate a bur s t  
diaphragm a t  the drain l ine exit. This design was accepted by Rocket- 
dyne, the stage contractor s, and MSFC and i s  being incorporated on 
SA-501. 

5. Emergency Star t  Tank Vent Procedures  

Emergency procedures for venting the J- 2 engine s t a r t  
tanks a t  KSC on Saturn V vehicles were  revised to include a warning 
against using the p r  ocedur e except under actual emergency conditions. 
Effectivity of the emergency procedure was extended to include the 
S-IVBl204 J -2  engines. 

6. Engine Contr 01 Assembly (ECA) Sensitivity Investigated 

An investigation of the ECA cutoff sensitivity and suscepti- 
bility shows that a 5 v pulse for 20.5 m s  can initiate engine cutoff. A 
study i s  underway to determine i f  a problem exists and what correct ive 
action needs to be taken. 

7. Telescoping Extendi ble Nozzle P r  ogr a m  

The in-house R&D effort to design and evaluate a nozzle 
extension on the telescoping principle is in the mockup testing phase. 
The f i r s t  tes t  s e r i e s  provided slow motion film to aid in  the analysis of 
the mechanical motion of the actuation linkage driving the nozzle sections. 
The second t e s t  se r i e s  will define loading and s t r e s s e s  associated with 
the actuation procedure. 



8.  . J - 2 s  Engine 

The electr ical  sys tem changes required in going f rom a 
J - 2  to a J-2S Engine on S-I1 and S-IVB Stages were  studied. Four inter-  
face connectors can be eliminated. A re t rof i t  change using the existing 
connectors a t  the enginelstage interface i s  recommended. The number 
of available spares  on connectors J-51 and J-54 i s  reduced f rom nine to 
three  on the S-IVB interface (no reduction on S-I1 interface).  

J -  2X Experimental Engineering P r  oqram 

Testing of  J -  2X engine 0 15 was continued; eleven tes t s  
were  conducted for a total of 216 seconds duration. Objectives a r e  to 
evaluate mainstage and tank head s t a r t  operation on the higher p res su re ,  
J - 2 s  type, thrust  chamber.  The longest firing was 68 seconds. The 
shor tes t  tank head s t a r t  t ransient  was 4. 1 seconds. 

B. Verification Tes ts  of Three  Main Pumps 

Low temperature testing of the third S-I1 main pump was 
completed, and the pump i s  undergoing endurance testing. To date,  the 
pump has operated for 90 hours successfully. 

C. S-11- 3 Fuel Vent Valve Change Study 

A failure effects and crit icali ty determination study of proposed 
changes to the fuel vent valves was performed. Simplified valve cut-a- 
way schematics were made to show a proposed arrangement  that could be 
used to lower tank p res su re  during the cr i t ical  period of flight. 

D.  LOX Tank P r e s s u r e  Decay 

The S-11- 3 stage common bulkhead was evacuated to approxi- 
mately 150 mmHg on the tanking and full-duration t e s t  pr ior  to stage 
ignition. The LOX tank p res su re  decay during simulated S-IC boost was 
approximately 0 psi.  The common bulkhead was not evacuated for the 
65 second static firing and a 2.5 ps i  tank p res su re  drop occurred  during 
S-IC boost. These prel iminary resu l t s  indicate that common bulkhead 
evacuation would be desirable  for S-I1 flight stages.  A m o r e  thorough 
analysis  i s  in progress .  

LH, Tank Insulation 

Tes t s  were  performed on S-11-3 a t  MTF to determine the 
performance character is t ics  of the GSE- stage sys tem with various simu- 
lated cracks  in the insulation. Predictions were  made concerning the 



detection of unacceptable defects during launch operations a s  related to 
AS- 50 1. In summary, an  &inch crack will cause a drop in outlet p r e s -  
su re  of - 0.9 psig, which i s  readily measured.  Television will then be 
used to locate and evaluate the defect to determine i f  it i s  accpetable 
for flight. 

F. Common Bulkhead Thermal  Character is t ics  

The effective thermal  conductance ac r  os s the S-I1 common 
bulkhead was experimentally determined by the Space Division (SD) of 
North American Aviation (NAA) to be 10 to 18 t imes the predicted value. 
The increase  in common bulkhead conductance will affect the magnitude 
of the LOX tank p ressu re  decay during ascent flight. The discrepancy 
between the experimentally determined conductance and the predicted 
conductance justified the initiation of an inhouse tes t  program. The 
ear ly  data produced f rom these tests  tends to ag ree  with the SDINAA 
resu l t s ,  However, the tes ts  a t  MSFC will determine the effective ther -  
mal conductance. 

111. S-IVB Stage 

P r e s s u r e  Switch Problems 

One p ressu re  switch failed on S-IVB- 503. The calibration diaphragm 
ruptured and a failure analysis i s  being performed. 

The microswitch, which i s  used in valve position sensor assemblies ,  
was found to be shock sensitive. Tes ts  a r e  being conducted to determine 
the degree of shock sensitivity. 

SPECIAL STUDIES 

I. Voyager Spacecraft 

A. Propulsion Sys t em 

The Voyager 140-inch in diameter spacecraft  propulsion sys-  
t e m  design was improved and updated. CG shifts and CG uncertainty 
studies for the 140-inch diameter configuration were  completed. The 
260-inch diameter configuration preliminary design was reviewed and 
problem a r  ea s defined. 

The valve support mounting fixtures for the 1 -1b thrus t  
hydr azine engine were designed. The 100- lb thrust  engine gimbal assembly 
mockup was fabricated. 



A l i t e ra ture  survey on the explosive hazard caused by propel- 
lants  leaking into the pressurizat ion sys tem indicated that separa te  
pressurizat ion sys tems a r e  required for the fuel and oxidizer. 

Propulsion sys tem schematics were  drawn, considering the 
use  of t e s t  facility components. The facility hardware will be replaced 
by flight configuration components when and i f  it becomes available. 
This will produce rea l i s t ic  sys tems data. 

B.  LEMDE Demonstration P r o g r a m  

P r e s e n t  plans schedule the phase one life and performance 
tes t s  to begin in mid-October. Phase  two of the demonstration pro-  
g r a m  i s  proceeding on schedule. The engine has undergone acceptance 
t e s t  with a l l  performance pa ramete r s  a s  expected. The phase two engine 
assembly  completed chemical decontamination. Visual inspection of the 
engine indicates that there  were  no severe  mater ia l s  compatibility prob- 
l e m s  due to  the chemical decontamination. The phase two vacuum stage 
p rogram i s  scheduled to begin on October 2, 1967. Work i s  continuing 
on the Voyager Engine Mockup and Engine Data Manual. 

C. Spacecraft  Propulsion Breadboard System Experimental Testing 

The cost and manpower required to initiate and implement a 
spacecraf t  propulsion breadboard sys tem experimental t e s t  p rogram i s  
being determined. Conversion of the S-IB stat ic  t e s t  stand to a s torable  
t e s t  facility to be used for systems testing in support of a Voyager-size 
spacecraf t  i s  being studied. Most of the component hardware (valves, 
regulators ,  ducting) required to initiate an experimental sys tems t e s t  
effort  i s  available. Specifications for Voyager - size pressurizat ion and 
propellant tanks were  completed. An attempt i s  being made to obtain the 
boiler plate tanks f rom a LEM descent stage t e s t  r ig  a t  TRW. Cost  
es t imates  and a delivery schedule were  requested f r o m  TRW for a water-  
cooled LEMD engine for breadboard testing. In addition, es t imates  a r e  
being obtained on cost  and schedule for monopropellant thrustor  s for the 
attitude control system. C- 1 engines a r e  available in- house for  the 
secondary propulsion system. 

11. Multiple Docking Adapter (MDA) 

Thermal  control c r i te r ia  in the fo rm of flow r a t e s  required and 
coolant loop line s izes  necessary  for experiment S- 009 were  supplied to 
MSC Environmental Control per  sonnel. MSC will determine the feasibility 
of using the Structural  Transit ion Section ECS coolant loop a s  a means  of 
maintaining the k 5 " F operational temperature tolerance of the experiment.  



A fir st-cut analysis for a passive thermal  control s torage con- 
tainer for experiment S- 065 (UV f i lm) was completed, and the r e su l t s  
were  provided to MSC. MSC will determine the acceptability of the 
t ime f r ame  involved before exceeding the temperature tolerance l imits .  
I t  was requested that expansion of temperature and humidity l imits  be 
considered for alleviation of thermal  control problems. Investigation 
of m o r e  sophisticated containers for fi lm storage i s  continuing. 

111. Nuclear Ground T e s t  Module (NGTM) 

A. Replenishment System Design 

Design considerations were  established for the replenishment 
system. Trade-off studies a r e  being made on the following types of 
insulation schemes: polyurethane foam, evacuated perli te powder, evacu- 
ated multi layer,  and high vacuum with aluminum foil wrapped around the 

pipe. Initial r e su l t s  indicate that foam is inadequate f rom a durability 
standpoint. 

B.  NGTM Blow- Down Analysis 

A study was completed indicating that the blow-down r a t e s  for 
the tank during the venting operation f rom 35 to 15 psig i s  between 20 to 
30 seconds. 

C. Tempera ture  of Mater ials  in the Aft Thrus t  Structures  
Due to Nuclear Heating 

The r e su l t s  of this study indicate a temperature r i s e  of 200 O F  

in the aluminum match plates,  a 360 OF temperature r i s e  in the s tee l  
gimbal trunnions, and a 100°F temperature r i s e  in the thrus t  s t ruc ture  
bulk head supports.  

D. Propellant Temperature Rise  Due to Nuclear Radiation 
and Stage Insdat ion  R equir ements 

Thermal  insulation mater ia l  with a k / x  = 0.025 Btulhr  -ft2 - OR 
will minimize thermal  heating so that the nuclear heating during hot f i r  - 
ing t e s t s  can be accurately determined. 

E. Cold Flow Drainage Requirements 

It was determined that t e s t  objectives for the cold flow t e s t s  
can be m e t  without a pump o r  inducer i f  an LHZ disposal sys t em with 
low p r e  s su re  10s s can be developed. 



LH2 Pressurizat ion Diffuser 

The S-I1 Stage hydrogen tank pressurization diffuser will be 
used. Pressur iza t ion  system line s izes  required a r e  a four-inch 0. D. 
duct supply line f rom the ground to the tank and a one-inch 0. D. supply 
line f rom the engine-stage interface to the tank p ressu re  regulator.  
Drawings of the major systems were revised to add information on tank 
penetration requirements  and ducting flange configurations. 

IV. Apollo Telescope Mount (ATM) 

A. ATM Thermal  Control 

1. Quarter Spar Thermal Vacuum Tes t  

The quarter spar thermal  vacuum tes t  i s  scheduled to 
begin the lat ter  p a r t  of October or ear ly  November. Obtaining mater ia ls ,  
fabrication of hardware, and facility availability have been the major  
problems in developing a t e s t  ar t ic le .  Thermal  control will be maintained 
by hea ters  and foam insulation on the shroud with no insulation on the 
experiments.  A general t e s t  plan for this concept was completed. 

2. Tes t  Plans for Thermal  Vacuum Tes t s  

Tes t  plans associated with three  full- scale models of the 
ATM, Thermal  Systems Unit, Prototype, and Flight Unit, a r e  being 
documented in detail. 

3 .  Fluid Cooled Thermal  Control System 

Studies a r e  continuing on the fluid cooled thermal  control 
system. Temperatures  associated with the pr e-operational and storage 
modes of the ATM a r e  being determined, and their effect on the coolant 
and hardware i s  being investigated. 

Full-Scale Thermal-Vacuum Testing 

A prel iminary outline of ATM full- scale testing i s  being 
studied to determine the practicality of testing a l l  the mission phases.  
A complete t e s t  plan will be generated based on this outline. Main 
problems appear to evolve f rom lack of definition of the t ransfer  or bit. 
If this  i s  assumed to be a random orbit  with no orientation constraints,  
then the number of tes t  runs  could prove to be prohibitive. The size of 
solar  panels needed during testing and coverage of vacuum chamber 
solar simulation a r e  also of concern. 



V. Lase r  Applications 

The l a se r  was used to measure  diameters  of circular  aper tures  
f rom 0.002 to 0.020 inches, by measuring the diameters  of the r ings in  
the Fraunhofer diffraction pattern. It  was found that the diameter and 
variations of the diameter due to out of roundness and b u r r s  could be 
measured  within 0.00005 inches visually. This precision can be 
improved by incorporating a photocell measuring device. 

VI. BP-  30 Check Valve Qualification Tes ts  

All t e s t s  except the vibration and bur s t  tests  were  successfully 
completed on the three check valves. Testing was delayed due to a 
breakdown of the vibration machine. 

VII. Thermal  and Hydrodynamic Research  (Out-of-House) 

Thermal  shock tests ,  f rom room temperature to LH2 temperature,  
were  conducted on the six 114-inch and six 1 112-inch connectors. Strain 
gages were  mounted on the six new welded-connector t e s t  specimens. 
Sine and random vibration tes ts  were performed successfully on a l l  s ix  
specimens. Two of the six specimens were subjected to LH2 thermal  shock 
tes ts .  

VIII. Low Gravity Propellant Control 

A. Concentric Screen C a ~ i l l a r v  Control Device 

A study was made to determine whether or  not adequate tes t  
t ime i s  available in the MSFC drop tower to per form testing of a full- scale  
concentric capillary screen  device suitable for propellant control orbital  
maneuver s at low propellant levels.  Results of the investigation indicated 
that the t e s t  t ime should be sufficient to allow the s c r  eenlwall  annulus to 
fi l l  with liquid and a subsequent la te ra l  impulse of the container. 

B . Horizontal Capillary Control Devices 

Tes ts  were conducted in the MSFC drop tower to determine the 
capabilities of perforated plates to orient liquid propellants against an  
adverse  la te ra l  acceleration in a low gravity environment. Although data 
f r o m  the drop t e s t  f i lms have not been reduced, it appears  that the experi- 
ments  were  successful, that i s ,  data for verification and/or development 
of scaling parameters  was acquired. A similar se r i e s  of tes t s  with 
horizontal capillary screens will be conducted in about one month so that 
the relative m e r i t s  of perforated plates and screens can be determined. 



ADVANCED PROPULSION AND TECHNOLOGY 

I.  Advanced Aer ospike Engine Experimental Investigation 

Three  additional tests  were  conducted on the stainless s teel  tube 
wall thrust  chamber.  These tes ts  were  intended to checkout and verify 
hardware modifications to reduce tube overheating and prevent hot gas 
circulation in the gap between the injector body and the chamber wall. 
The modifications consisted of redril l ing the injector to provide an 
increased hydrogen ba r r i e r  along the chamber wall and the installation 
of a flexible meta l  seal  in the injector body-chamber wall gap. 

The three tests  were  conducted a t  chamber p ressu res  of 800 psi, 
mixture ra t ios  of 3 . 4  to 3 .9 ,  and durations f rom 100 milliseconds to 
700 milliseconds . Test  resul t s  indicate that gas circulation was stopped 
in  the injector chamber gap, but tube overheating was sti l l  present .  The 
injector modification apparently shifted the heat patterns without reducing 
the heat load. Several tube splits were  observed. Analysis of t e s t  data 
indicates the continued presence of chug mode oscillations and a lso  higher 
frequency oscillations . 

Data analysis i s  continuing, and further hardware modifications a r e  
being considered to alleviate the tube overheating and reduce the combus- 
tion oscillations. The split tubes a r e  being repaired.  Testing will r e sume  
in mid-October . 
11. Investigation of Methods for Transpiration Cooling Liquid 

Rocket Chamber 

A l i te ra ture  survey was completed, and thirty vendors of porous 
mater ia ls  were  contacted for thermal  and s tructural  information pe r -  
taining to their products. Li terature abs t rac ts  were prepared on 86 
repor t s  pertinent to existing transpiration cooling methods and available 
porous media. 

A porous media application study was initiated. Chamber operating 
conditions and coolants were selected for evaluation of the porous mater ia ls .  
The coolants and propellant combinations selected were; hydrogen for the 
OZ /Hz propellants, both nitrogen tetroxide and the 50 percent  hydrazine - 
50 percent  UDMH blend for the ear th  storable propellants, and methane for  
the space- storable FLOX /methane combination. Chamber p ressu res  for 
evaluation include 50,600, and 3000 psia.  

Mathematical modes were formulated to evaluate the temperature 
and thermal  s t r e s s  profiles throughout a transpiration - cooled wall. 



111. C- 1 Engine 

The acoustic l iner design for the C-1  engine was finalized and 
fabrication was s tar ted.  The modified thrus t  chamber i s  scheduled 
to  be completed October 16, 1967. A t e s t  reques t  was submitted, and 
baseline instability firings of the standard engine a r e  scheduled to 
begin during the f i r s t  two weeks of October. The t e s t  p rogram should 
l a  s t  approximately four mounts. 

ckief ,  Propulsion Division 


