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SATURN IB 

I. Saturn IB System 

Nose Cone 

The ring for  the SA-204 pull tes t  has  been modified a s  requested by 
Kennedy Space Center. Design drawings of the brackets and scale  to  be used 
in conjunction with the pull tes t  have been delivered to  Manufacturing Engineer- 
ing Laboratory for fabrication. Documentation effectivities of the nose cone 
have been changed to SA-204, 206, 208, and 210. 

11. S-IVB Stage 

Vibration and Acoustics Branch personnel visited Douglas Aircraf t  
Company in Huntington Beach, California, to review the propulsion components 
attached to panels H- 1, I- 1, and J- 10 mounted on the S-IVB thrust  s t ruc ture  
and to review vibro-acoustic flight, laboratory test ,  and flight tes t  data 
associated with these components to determine if the deletion of the acoustic 
t e s t  requirements  for these components could be justified. The acoustic 
t e s t  requirements  were  waived for the following reasons.  (1) The components 
have successfully passed vibration qualification testing a t  levels higher than 
those measured  during acceptance firings; (2) none of the components a r e  
functioning during S-IC lift-off, and; ( 3 )  inspection of the components indicates 
that they a r e  not susceptible to  acoustic excitation. 

SATURN V 

I. S-I1 Stage 

A. Tes t  P r o g r a m  

The design of the tank splice and S-IC modification a r e  proceeding 



for  the 402 t e s t  s t ructure.  P resen t  plans a r e  to use two different foams on 
the s t ruc ture  during test  in order  to  gain additional experience with foam 
insulation. 

Design studies to increase  the capability of the inters tage for  use  
in the S-11-4 configuration thrust  s t ruc ture laf t  sk i r t  have been made. P r e -  
l iminary studies indicate additional s t r ingers  and reinforced ring f r ames  
will be necessary .  

B. V7-22 Tes t  Structure ("B" Structure) 

Discussions with North American have revealed the forward bulk- 
head of V7-22 t e s t  s t ructure i s  undersized. A total circumferential  mismatch 
of 1. 5 inches includes the bulkhead circumferential  under size measurement  
of 1 .  2 5 inches, and the No. 6 cylinder circumferential  over s ize measurement  
of 0 . 2 5  inches. This condition i s  not acceptable and three  alternatives exist: 
(1)  Obtain a new flight bulkhead, (2)  obtain three  new gores  to be installed in 
the present ly available bulkhead (one gore must  be replaced because of 
corrosion) ,  and ( 3 )  shrink cylinder No. 6 and associated s t ruc ture  to f i t  
present ly available bulkhead. NAA i s  now in the process  of conducting a 
schedule impact  study to determine which approach i s  the most  feasible. 

C. S-I1 Weld Mismatch 

S&ID has reviewed with Strength Analysis Branch personnel the 
r e su l t s  of a study to establish a method of evaluating weld mismatch in portions 
of the S-I1 stage which may be exposed to bending and d i rec t  s t r e s s  combinations. 
After  a thorough discussion, the Strength Analysis Branch s e e s  no  reason to 
r e s t r i c t  the use of this new evaluation cr i te r ia .  Subsequent to this review, 
contact with Dr.  Hoff of Stanford University indicates that there i s  no effect 
of mismatch a t  the S-I1 forward dome to No. 6 cylinder weld joint. Dr. Hoff 
has  tes ted model specimens with up to three t imes  the wall thickness over 
one-twentieth of the circumference with no degradation in failing pressure .  
Use of the new c r i t e r i a  will allow the acceptance of the S-11-6 forward dome 
to No. 6 cylinder mismatch which i s  measured  a t  0. 068 inches. 

D. S-I1 Outboard Thrust  Mount 

An S-I1 outboard thrust  mount was incrementally loaded to a com- 
press ive  load of 390, 500 pounds. The objective of the tes t  was to provide data 
which will be used in determining thrust  mount s t ra ins  and deflections which 
occur in static firings and s t ructural  tes t s  for both S-11-1 and S-11-4 types 
of thrust  s t ructure.  The data i s  presently being evaluated. 

E.  S-I1 Thrust  Structure 

The t e s t  setup for testing the S-11-1 thrus t  s t ructure configuration 
was s tar ted.  The thrust  s t ructure modification was completed and the thrus t  
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structure was inverted into the t e s t  position. Layout of the s t rain gage loca- 
tions has  begun. P a r t  of the tes t  f ixtures have been fabricated. Test setup 
drawings a r e  being prepared for the S-11-4 thrust  s t ructure configuration tes t s .  

F. LOX Vent Line 

Laboratory vibration testing has  been completed on the LOX vent 
line which was installed in the S-11-2 and removed. The line was cut to  
obtain seven t e s t  specimens, five of which were  subjected to  vibration testing. 
The vibration levels and tes t  t imes  represented the design c r i t e r i a  for  the 
LOX vent line. The resul ts  and conclusions of the testing a r e  a s  follows. 
(1)  A l l  specimens passed the des i red  design cr i te r ia  without failure.  (2) When 
the specimens were tested to failure a t  s t r e s s  levels higher than design, three  
of the specimens failed in the parent mater ia l  a t  the fixture-specimen inter-  
face because of the s t r e s s  concentration associated with the internal-external 
collar method of attachment. One specimen failed in the weld and testing 
was discontinued on the other af ter  a la rge  number of cycles was accumulated 
with no failure.  (3)  Since failure in the weld was forced in only one specimen 
only one fatigue data point was obtained; however, this division i s  studying 
the feasibility of additional testing with improved techniques for providing better 
fatigue data. 

11. S-IVB Stage 

The S-IV stage r e sea rch  bonded common bulkhead was tested to  fai lure  
a t  Sacramento on May 17, 1967. The bulkhead failed in general instability 
a t  a r eve r se  p r e s s u r e  of -48 psid. This p res su re  i s  203 percent of the l imit  
design p res su re  of 23.6 psid. 

This r e sea rch  program had demonstrated the feasibility of bonded, 
ra ther  than welded, forward face sheets on common bulkheads. The tes t  a l s o  
demonstrated that the higher load capabilities associated with the general 
instability mode of failure can be achieved i f  the bulkhead to tank wall juncture 
i s  reinforced locally. A bonded patch on the forward face sheet was a l so  quali- 
fied, since a c rack  caused by the instability failure propagated through the 
face sheet and patch with no evidence of debonding. This patch technique 
could be used with confidence on the hydrogen side of future S-I1 and S-IVB 
stage common bulkheads that need repa i rs .  

Based on this tes t  resul t  and the much lower manufacturing costs  
associated with bonded bulkheads, this method of fabrication appears  very  
desirable  for future vehicles. 

111. Saturn V System 

A.  Saturn V Damping System 

Testing on the ML-2 system with the redundant hoist i s  essentially 

complete. The p r imary  and redundant hoist systems performed satisfactorily.  



B. BP-30 Boilerplate 

Refurbishment of the BP-30 boilerplate for the 501 mission i s  
progressing. Modification kit for  the escape tower fittings on the CM has  
been installed and checked out. Support bracketry for mounting ballast  
weight inside the Command Module has  been fabricated. Pre l iminary  
installation drawings have been submitted for coordination. Reinforced 
support r ings for  propulsion tanks have been dabricated and will be installed 
af te r  tank p res su re  t e s t s  a r e  performed. Cover plates for  the Service 
Module doors  a r e  being fabricated. 

A comparison of measured deflections with theoretical predicted 
values was made for  the AS-501 pull test .  Comparison showed good agreement.  

A la te ra l  dynamic loads analysis for the AS-501 vehicle has  been 
initiated to determine the bending moment due to simultaneous ignition of 
adjacent outboard F -1  engines. Also a longitudinal buildup rebound loads 
study i s  underway assuming a l l  four outboard engines ignite simultaneously. 
Ei ther  of these conditions could exist  if a single point failure occurs  in the 
Terminal  Countdown Sequencer. 

APOLLO APPLICATION PROGRAM 

I. Apollo Telescope Mount 

In response to a request f rom the lead Laboratory, the Rack 
s tructure i s  being redesigned to provide capability for carrying a 10, 500 
pound LM Ascent Stage. New weight est imates  for the Rack s t ruc ture  r e -  
flecting the revised loads were a l so  made. A prel iminary design layout of 
the aft  LM Ascent Stage support fitting modification incorporating the LM 
electroexplosive separation device was completed. Detail design drawings 
of the lower ring assembly and the outrigger components a r e  in  the p rocess  
of final check pr ior  to release.  

B. Experiment Package 

Insulation drawings have been prepared for the quar te r -spar  
thermal  control sys tem t e s t  and the half-scale shroud s tructural  t e s t  i tems.  
However, insulation mater ia l  (aluminized mylar)  i s  not current ly available. 



11. Multiple Docking Adapter 

Pre l iminary  drawings (layouts) of the MDA a r e  essentially complete 
except for  the high performance insulation, which will be complete June 1, 
and the upper bulkhead, which will be available June 15. Final detail  drawings 
a r e  being prepared.  P r e s s u r e  shell  details above the r ing (Station 1962) 
a r e  being held up by lack of definitive information on mountings of the nuclear 
emulsion, X-ray astronomy, and scientific airlock experiments;  umbilical 
booms; foot res t ra in ts ;  window covers;  navigation lights; and docking targets .  

A design effort was initiated to utilize the ATM Rack design for  the P M  
project.  This effort will investigate the modifications required to  convert  
the ATM Rack to a PM Rack and define the PM interface ring and support 
s t ructure.  Detail drawings a r e  scheduled for  completion by June 19, 1967. 

ADVANCED PROJECTS 

I. Voyager 

A.  Voyager Shroud 

A prel iminary design concept, investigating an eight -point support 
sys tem for the spacecraft ,  was completed. This concept depicted a sys tem 
utilizing a bolt and separation nut for  attaching the spacecraf t  support s t ruc ture  
to the shroud and compression springs a s  an ejecting mechanism. An estimated 
400 pounds of shroud weight i s  saved when using the eight-point support in l ieu 
of the continuous conical f rus tum support. 

B. Voyager Spacecraft 

Major emphasis has  been placed on the liquid engine concept. A 
tentative study version has  been prepared by R-P&VE-AV based on the design 
prepared by Structures  Division. Advanced Studies Office has  integrated the 
science packages and other Laborator ies '  requirements.  This concept shows 
the use of forward mounted outrigger supports for spacecraf t  to shroud attach- 
ment. This method of attachment appears  to be the most  feasible approach 
a t  this t ime.  The weight of the bus s t ruc ture  has  been estimated a t  1390 
pounds. This weight i s  comparable to the guideline weight given by J P L  
plus necessa ry  meteoroid protection. Detail design of the bus s t ruc ture  i s  
continuing. 

11. Modular Nuclear Vehicle, Flight Configuration 

The study to establish the optimum thrust  s t ruc ture  a r rangement  for the 
Modular Nuclear Vehicle has  resulted in a plan to revise  the engine gimbal 



mechanism. The revised concept has  been presented to  SNPO-Cleveland and 
the Aerojet  Corporation. A fur ther  effort to establish i t s  impact  on the thrust  
s t ruc ture  i s  being conducted in-house. The effects of flight dynamics on the 
thrus t  s t ruc ture  a r rangement  a r e  a l so  being evaluated. 

RESEARCH 

I. Superinsulation 

105-Inch Diameter Test  Tank 

A design study i s  underway to determine the feasibility of modifying 
the 105. 00 diameter  tank for  high performance.indu1ation evaluation without 
tank support l o s ses  (the tank will be supported by a s t ruc tura l  vent line). 
This tank would become the calor imeter  tank for  determining thermal  p e r -  
formance of ve ry  thick insulations such a s  those for  a nuclear stage. 

GENERAL 

I. At the request  of Mr.  C. L .  Adams of the Facili t ies and Design Office, 
F&D-DS, personnel f rom the Vibration and Acoustics Branch made a visit  
to Astr ionics  Labora tory ' s  l inear  acce lera tor  t e s t  facility to  determine the 
cause and effects of extreme vibration on the walls housing the facility when 
testing was in progress .  The f i r s t  and second floor cinder block walls a r e  
deflecting a s  much a s  a quarter  of an inch when testing is in progress .  This 
severe  motion on the cinder block s t ructure i s  causing la rge  c racks  which might 
eventually cause the walls to collapse. It has  been determined that the vibration 
of the walls i s  caused by a severe  shock wave produced by the acce lera tor  
capsule striking the a i r  cylinder. A measurement  program has  been 
initiated to determine the magnitude and frequency content of the shock wave. 
Recommendations to the Faci l i t ies  and Design Branch will be made when the 
measured  data has  been evaluated. 

1 NERVA Ground Tes t  Module 

A l a t e ra l  dynamic loads analyses was performed for the Nerva ground 
t e s t  stage, engine gimbaling. It was concluded f rom this study that no 
stabilizing support will be needed at top af stage. 

A.  Kroll 
Chief, Structures  Division 
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SATURN v 

Voyager Program 

A. Spacecraf t  Design 

1. Propulsion Type Se lec t ion  - - -  M r .  Hearth,  OSSA, d i r e c t e d  
MSFC t o  s e l e c t  by J u l y  1, 1967, the  type propulsion system ( l i q u i d  versus  
s o l i d )  t o  be used f o r  t he  Voyager spacec ra f t .  Ea r ly  a c t i o n  w i t h i n  MSFC i s  
r equ i r ed  t o  a l low commitment of a f f e c t e d  Fy-67 funds i n  support  of t h e  
program. 

The a l l - l i q u i d  system concept was s e l e c t e d  a s  t h e  s p a c e c r a f t  
primary propulsion system, the  b a s e l i n e  concept u s ing  the  Lunar Module 
Descent Stage Engine ( W E ) .  This s e l e c t i o n  was based on recommendations 
by R-P&W. The s e l e c t i o n  and reasons f o r  t he  s e l e c t i o n  were d iscussed  
wi th  Center Management i n  a  meeting on May 18, 1967. A t  t h e  end of t h e  
meeting, D r .  von Braun expressed h i s  f u l l  agreement wi th  the  s e l e c t i o n  
proposed by R&DO. 

A s  a  backup t o  t h e  b a s e l i n e  con f igu ra t ion ,  s t u d i e s  w i l l  
cont inue u t i l i z i n g  t h e  higher-performance T i t an  I I I C  Transtage and Agena 
engines a s  a l t e r n a t e  propulsion systems. This w i l l  a s su re  f l e x i b i l i t y  i n  
t h e  s p a c e c r a f t  design should performance requirement problems a r i s e .  



2. Configurat ion Control  --- Due t o  t h e  management dec i s ion  t o  
u t i l i z e  l i q u i d  propulsion f o r  the  Voyager s p a c e c r a f t ,  on ly  a l i q u i d  
propulsion s p a c e c r a f t  conf igura t ion  was i ssued  under t h i s  t a s k  assignment. 
(As s t a t e d  i n  l a s t  month's progress  r e p o r t ,  t h e  i s s u e  of both l i q u i d  and 
s o l i d  propuls ion  conf igura t ions  was planned.) The conf igura t ion  i ssued  
on May 26, 1967, i s  t o  be used f o r  t he  conclusion of the  conceptual  
system des ign  s t u d i e s  by P&VE and o the r  Laborator ies .  The r e s u l t s  of t he  
design s t u d i e s  w i l l  be presented t o  P&VE management on June 21, 1967. 

3 .  A l t e r n a t e  Propulsion System Evaluat ion ---As a  r e s u l t  of t h e  
dec i s ion  t o  consider  only l i q u i d  propulsion sys  tems f o r  Voyager, work on 
the  a l t e r n a t e  s o l i d  motor concepts and a l l  - l i qu id  engine concepts wi th  the  
except ion  of two a l t e r n a t e s  t o  t he  LMDE i s  being discont inued and w i l l  
be  documented i n  t he  near  fu tu re .  

Future  e f f o r t  w i l l  be concerned only  wi th  the  two chosen 
a l t e r n a t e s  t o  t he  LMDE base l ine  system which a r e  (1)  a  modified Agena 
engine and (2) t h e  Ti tan  I11 t rans t age  engine. The Transtage engine work 
was previous ly  c a r r i e d  by Propulsion Div is ion  b u t  was dropped t o  a l low 
concent ra t ion  of e f f o r t  on W E  conf igura t ions .  Funds have been reques ted  
f o r  con t r ac to r  s t u d i e s  which w i l l  determine t h e  modi f ica t ions  necessary  t o  
adapt  t hese  a l t e r n a t e  engine systems t o  the  Voyager mission and v e r i f y  
expected engine ope ra t iona l  and performance d a t a .  

Weight es t imates  have been made f o r  Voyager s p a c e c r a f t  designs 
u t i l i z i n g  t h e  Agena engine. For a  5000-pound capsule  weight ,  these  
e s t ima te s  show a p l ane ta ry  veh ic l e  weight of 18,600 pounds; wi th  a  7000- 
pound capsule  the  PV weight i s  23,300 pounds. Spacecraf t  conceptual  
con f igu ra t ion  drawings u t i l i z i n g  the  Agena propulsion system a r e  c u r r e n t l y  
being made. 

4. Evaluat ion of 7000-pound Capsule Concept --- Spacecraf t  
con f igu ra t ions  and weight es t imates  have been made f o r  a  Mars Voyager 
miss ion  u t i l i z i n g  a  7000-~ound capsule  weight.  For t h e  Mars o r b i t -  
i n s e r t i o n  maneuver two propulsion systems, t he  W E  and t h e  Minuteman 
Wing V I ,  were inves t iga t ed .  For the  midcourse and o r b i t  t r i m  maneuvers, 
both the  l i q u i d  and s o l i d  propulsion spacec ra f t  designs u t i l i z e  C - 1  engines.  

P lane tary  v e h i c l e  gross  weight wi th  a  l i q u i d  propulsion 
system is  25,500 pounds t o t a l  and 25,560 pounds t o t a l  wi th  a  s o l i d  
propuls ion  system. These p l ane ta ry  veh ic l e  gross  weights compare wi th  
t h e  20,500-pound gross  b a s e l i n e  weight (5000-pound capsule) .  

Both of the  above p l ane ta ry  veh ic l e s  a r e  s i z e d  f o r  t he  
dynamic envelope p re sen t ly  assigned t o  t h e  b a s e l i n e  spacec ra f t  design.  
Therefore ,  no length  change is  necessary i n  t he  launch v e h i c l e  payload 
shroud f o r  a  7000-pound capsule  weight. 

The information generated i n  t h i s  s tudy  was presented t o  
M r .  Newby on May 22, 1967. The r e s u l t s  of t he  s tudy  a r e  c u r r e n t l y  be ing  
documented. 



5. Evaluat ion of "TRW Advanced Mission Def in i t i on"  Concept --- 
An eva lua t ion  of t he  TRW concept of us ing  the  LM descent  s t a g e  a s  t h e  
Voyager s p a c e c r a f t  has been completed. A p re sen ta t ion  was made t o  
M r .  Dave Newby on May 17,  1967, concerning the  r e s u l t s  of t h e  eva lua t ion .  
The conclusion was t h a t  a l though the  TRW concept was f e a s i b l e ,  i t  was 
n o t  p r a c t i c a l .  The necessary  modif icat ions t o  t he  LM descent  s t a g e  
were s o  ex tens ive  t h a t  it appeared a s  though only  t h e  b a s i c  cruciform 
s t r u c t u r e  and p rope l l an t  tanks would be usab le .  Because of t h e  ex tens ive  
mod i f i ca t ions ,  a  completely new q u a l i f i c a t i o n  program would be requi red .  
The recommendation was made and accepted t h a t  no f u r t h e r  e f f o r t  be put  
i n t o  the  TRW concept.  A r e p o r t  w i l l  be published showing t h e  r e s u l t s  
of t h e  eva lua t ion .  

6. Analysis  of A l t e r n a t e  Voyager Missions --- A cursory  s tudy  
of Voyager type missions t o  Venus and J u p i t e r  has been made f o r  t h e  
purpose of comparing the  spacec ra f t  f o r  t hese  missions wi th  t h a t  f o r  t h e  
Mars mission. The approach taken i n  t he  s tudy  was t o  design a  s p a c e c r a f t  
s p e c i f i c a l l y  f o r  each mission which would u t i l i z e  t h e  e n t i r e  i n j e c t i o n  
c a p a b i l i t y  of t h e  Sa turn  V launch veh ic l e .  For t he  Venus miss ion ,  t h e  
concept of two p l ane ta ry  veh ic l e s  was maintained. For t he  J u p i t e r  mission 
only  one p l ane ta ry  v e h i c l e  could be i n j e c t e d  wi th  the  Sa turn  V. 

The s tudy  considered spacec ra f t  designs u t i l i z i n g  both LMDE 
and Minuteman Wing V I  propulsion systems. Mass f r a c t i o n s  f o r  t hese  
l i q u i d  and s o l i d  propulsion spacec ra f t  designs were assumed t o  be 0.720 
and 0.725, r e s p e c t i v e l y .  These mass f r a c t i o n s  a r e  approximately the  
s p a c e c r a f t  mass f r a c t i o n s  being obtained i n  cu r r en t  design ana lyses  f o r  
t h e  Mars Voyager mission. 

Resul t s  of t he  s tudy  f o r  the.'Venus mission show the  
s p a c e c r a f t  g ross  weights t o  be 2.8,245 pounds and 29,120 pounds, r e s p e c t i v e l y ,  
f o r  l i q u i d  and s o l i d  propulsion spacec ra f t .  For t h e  J u p i t e r  mission,  t h e  
s p a c e c r a f t  g ross  weights f o r  l i q u i d  and s o l i d  propulsion a r e  12,943 pounds 
and 13,303 pounds, r e spec t ive ly .  These spacec ra f t  gross  weights compare 
wi th  l i q u i d  and s o l i d  propulsion spacec ra f t  gross  weights of 15,470 pounds 
and 14,835 pounds, r e s p e c t i v e l y ,  f o r  a  t y p i c a l  Mars mission design wi th  a  
5000-pound capsule  weight. 

For t he  Venus mission,  t he  payload which could be i n j e c t e d  
by t h e  Sa turn  V r e s u l t e d  i n  two p l ane ta ry  veh ic l e s  with a  gros wei h t  of 5 S 31,850 pounds each. This payload corresponds t o  a  C3 of 14 km / sec  . The 
Venus o r b i t  considered was e l l i p t i c  wi th  p e r i a p s i s  being 1000 km and 
apoapsis  being 10,000 km. 

For t he  J u p i t e r  mission,  t h e  payload which could be i n j e c t e d  
by the  Sa turn  V launch v e h i c l e  r e s u l t e d  i n  a s i n g l e  p l ane t a ry  v e h i c l e  
having a  gross  weight of 14,000 pounds. This payload corresponds t o  a  C3 
of 94 lan2/sec2. The J u p i t e r  o r b i t  considered was e l l i p t i c  wi th  p e r i a p s i s  
1,000,000 km and apoapsis  5,000,000 km. 

The r e s u l t s  of t h i s  s tudy a r e  c u r r e n t l y  being documented i n  
an in t e rna  1 memorandum. 
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7. Service Module f o r  Voyager Spacecraft - - -  A study t o  evaluate 
NAA-S&ID1s proposal t o  use the  Service Module fo r  the  Voyager spacecraf t  
has been completed. In  genera l ,  S&ID was found t o  be op t imis t i c  i n  t h e i r  
spacecraf t  weight est imates and i n  t h e i r  est imates of shroud length and 
weight. S&ID1s spacecraf t  weight est imates did not  include spacecraf t  
sc ience  o r  an adequate weight allowance f o r  spacecraf t  subsystems. 
Their shroud design lacked provisions f o r  planetary vehic le  encapsulat ion.  
Based on the  above, the  Laboratory does not  recommend the  use of the  
Apollo Service Module f o r  t h i s  appl ica t ion .  

M r .  Newby was b r i e fed  on May 17, 1967, on the  r e s u l t s  of 
the  evaluat ion.  A summary of the  evaluat ion r e s u l t s  i s  contained i n  
memorandum R-P&VE-AV-67-159, dated May 22, 1967. 

8. Single Spacecraft Study --- Single spacecraf t  conceptual 
configurat ions and de ta i l ed  weight statements have been generated f o r  both 
5000-pound and 7000-pound capsuie weights. The s i n g l e  spacecraf t  concept 
u t i l i z e s  a  p lanetary  vehic le  having a s i n g l e  spacecraf t  and two capsules. 
For t h i s  concept,  the  gross payload (planetary vehic le  and shroud) required 
above the Saturn V Instrument Unit a t  ground i g n i t i o n  f o r  LMDE propulsion 
va r i e s  from 44,400 pounds t o  53,400 pounds, respect ive ly ,  f o r  5000-pound 
and 7000-pound capsule weights. Comparable payloads f o r  the  Minuteman 
Wing V I  propulsion spacecraf t  design vary from 48,100 pounds t o  58,200 
pounds, r e spec t ive ly ,  f o r  5000-pound and 7000-pound capsule weights. 
Gross payload with the  Minuteman Wing V I  spacecraf t  design is  g rea te r  
mainly because two s o l i d  propel lant  motors a r e  used t o  obta in  the  required 
propel lant  loading. The gross payload weights presented compare with 
53,400 pounds f o r  the  base l ine  two-planetary veh ic le  concept u t i l i z i n g  a 
5000-pound capsule weight. 

9. LiquidISolid Stage Commonality and Al ternate  Mission Study --- 
A preliminary short- term study t o  determine f e a s i b i l i t y  and 

pena l t i e s  involved i n  designing a spacecraf t  t h a t  would allow the  use of 
e i t h e r  a  l i q u i d  o r  s o l i d  propulsion system has been completed. The 
base l ine  configurat ions were (1) the  LMDE propulsion system and (2) the  
Minuteman Wing V I  motor s i zed  f o r  the  1973 and 1975 Mars missions, 
respect ive ly .  Missions t o  Venus and J u p i t e r  were a l s o  considered f o r  
various configurat ions.  The study shows t h a t  i n  a l l  t he  s o l i d  p lanetary  
vehic le  con£ igura t ions  i n t o  which a l i q u i d  propulsion system was s u b s t i t u t e d ,  
a  n e t  saving i n  weight o r  gain i n  AV occurred. This is  due t o  the  l i q u i d  
propulsion systems l i g h t e r  weight and higher Is . I n  a l l  cases where a 
s o l i d  propulsion system was subs t i tu ted  i n t o  a Eiquid planetary veh ic le  
configurat ion a s u b s t a n t i a l  weight penalty orAV loss  occurred. 

10. Voyager Spacecraft/Capsule In te r face  --- A meeting was 
held with LaRC on May 9 ,  1967, t o  discuss f l i g h t  s p a c e c r a f t / f l i g h t  capsule 
i n t e r f a c e  problems. LaRC personnel could not  def ine  t h e i r  f l i g h t  capsule 
concept a t  t h a t  time. MSFC was informed t h a t  LaRC had stopped a l l  work 
on the  i n t e r f a c e  working document supposedly by u n o f f i c i a l  d i r e c t i o n  of 
OSSA. However, a f t e r  a  telecon between M r .  Newby and M r .  Stone, the  
i n t e r f a c e  working document i s  now being reviewed by LaRC and w i l l  be 
discussed a t  a  meeting t o  be held a t  LaRC on June 1, 1967. 



B. Shroud Design 

1. General - - -  Rough d r a f t  i npu t s  t o  t h e  "Summary Report ,  MSFC 
Voyager Shroud Design, Prel iminary Design, P a r t  I" a r e  p r e s e n t l y  be ing  
rece ived  f o r  documentation e a r l y  i n  June. This r e p o r t  documents t he  
conceptual  phase of the  shroud design s tudy  performed dur ing  t h e  per iod 
October 1.4, 1966, t o  May 31 ,  1967. 

2 .  Shroud Separa t ion  Study --- Work i s  cont inu ing  on t h e  second 
phase of t h i s  s t udy ,  which i s  t h e  eva lua t ion  of p l ane t a ry  v e h i c l e  s e p a r a t i o n  
from the  shroud. However, no i n t e r i m  r e s u l t s  a r e  a v a i l a b l e  t o  p re sen t  a t  
t h i s  time. 

APOLLO APPLICATIONS PROGRAM 

I. Lunar Surface 

A.  LSSM Program 

As a  r e s u l t  of d i s cus s ions  wi th  NASA Headquarters and con t r ac to r  
personnel ,  and because of de lays  i n  t he  LSSM program, t h e  LSSM f l i g h t  
t e s t  requirements have been reexamined and an a l t e r n a t e  t e s t  program w i l l  
be  submit ted.  The f e a s i b i l i t y  and economics of a  f l i g h t  t e s t  model 
program, u t i l i z i n g  a  114 s c a l e  model of each c o n t r a c t o r ' s  v e h i c l e ,  have 
been inves t i ga t ed .  A model t e s t  program would produce t h e  same type  
r e s u l t s  a s  t he  motorized mockup t e s t  wi th  twice t h e  amount of d a t a ;  
however, t h i s  program cannot provide onboard d r i v e r  tests.  Based on 
t h i s  p re l iminary  s tudy  i t  i s  a n t i c i p a t e d  t h a t  each model would c o s t  
approximately $25,000 and would r e q u i r e  from s i x  t o  e i g h t  months t o  
develop. 

The r e s u l t s  of t h e  BECO LSSM Mockup 116 g f l i g h t  t e s t  program 
have been documented i n  an  MSFC I n t e r n a l  Note (IN-P&VE-A-67-3). 

Comments have been prepared and submit ted t o  t h e  committee 
chairman c-oncerning the  procurement s p e c i f i c a t i o n  f o r  t h e  LSSM. The 
s p e c i f i c a t i o n  was w r i t t e n  t o  f u l f i l l  the  requirements based upon a  s i n g l e -  
a s t r o n a u t  c a p a b i l i t y .  Curren t ly ,  MSC i s  main ta in ing  t h a t  t h e  LSSM should 
have dua l  a s t r o n a u t  c a p a b i l i t y .  Fur ther  refinement of t h e  s p e c i f i c a t i o n  
i s  pending an  eva lua t ion  of the  MSC recommendation. 

B. Lunar Wheel and Drive Study 

The lunar  wheel and d r i v e  system t e s t  program being conducted 
by Genera 1 Motors Research Labora tor ies ,  Goleta , C a l i f o r n i a ,  has been 
completed and the  f i n a l  p r e sen t a t i on  was given t o  MSFC personnel  on 
May 14,  1967. During the  t e s t  program two types of wheels and t r a n s -  
missions were t e s t e d ;  however, n e i t h e r  met t h e  design goa l  of 100,000 
cyc l e s .  The t e s t  program d id  show t h a t  c u r r e n t  designs of t he  wheels 
and d r i v e s  a r e  adequate f o r  ranges t o  approximately 100 mi les .  Addi t iona l  



work is be ing  performed on the  n u t a t o r  d r i v e  system by the  Bendix 
Corporat ion and should be a v a i l a b l e  next  month. 

C. Mobi l i ty  T e s t i n g  

Both MTAs have been re turned  t o  MSFC f o r  refurbishment  and 
f u r t h e r  t e s t i n g .  The Bendix MTA has been r e fu rb i shed  and de l ive red  t o  
R-P&VE-S f o r  measurement of v e h i c l e  parameters such a s  s p r i n g  r a t e ,  
weight ,  moment of i n e r t i a ,  e t c .  The General Motors MTA is  be ing  
equipped wi th  new s t i f f e r  wheels and is scheduled t o  be  de l ive red  t o  P&VE 
on June 7 ,  1967. Parameter measurements have a l s o  been made on t h e  
BECO LSSM. A l l  t h r e e  vehic lesshould  be ready f o r  t e s t i n g  t o  begin  t h e  
f i r s t  of August. A d e t a i l e d  t e s t  plan and s c h e d u l e a r e b e i n g  prepared f o r  
submiss ion  t o  the  Test  Laboratory. 

The normal iza t ion  of the  MTA t e s t  d a t a ,  obtained from t e s t  
programs a t  Yuma and Aberdeen Proving Grounds, f o r  a p p l i c a t i o n  t o  an 
LSSM-sized v e h i c l e  i s  proceeding; however, the  Army r e p o r t  on the  
YPG t e s t  da ta  has s t i l l  no t  been received.  

11. I n t e g r a t i o n  

A. AAP Experiment Cata log  

A l l  experiments now i n  the  c a t a l o g  have been converted t o  t h e  
r e t r i e v a l  format. I n  a d d i t i o n ,  t he  r e t r i e v a l  system has been modified 
cons iderably  t o  a l low mult iple-parameter  ca l l -up .  

A l l  experiments f o r  AAP f l i g h t s  1 and 2 a r e  now included i n  
t h e  c a t a l o g  and work cont inues toward inc lus ion  of those f o r  f l i g h t s  3 and 4 .  

B . Experiment Scheduling and Compatibi l i ty  Program (ESCAPE) 

au toma t 
program 

The program has been debugged wi th  the  except ion  of t h e  
i c  p l o t t i n g  rou t ine .  Work is  cont inuing t o  incorpora te  t h e  fo l lowing  
modi f ica t ions  : m u l t i p l e  equipment number, v a r i a b l e  power l e v e l s  

du r ing  experiment d u r a t i o n ,  experiment carry-over  ac ros s  day boundary, 
and a s t r o n a u t  s h i f t s  on any experiment. The r e p o r t  (NASA Technical  
Memorandum) desc r ib ing  the  f i r s t  genera t ion  ESCAPE program i s  nea r ing  
completion. 

The f i r s t - c u t  experiment scheduling a n a l y s i s  of AAP f l i g h t  2 
has been completed and t h e  r e s u l t s  presented on May 26, 1967. Work has 
now begun on t h e  second i t e r a t i o n  of t h i s  mission.  



NU CLEAR VEHICLE PROGRAM 

Nuclear Boiloff  S e n s i t i v i t y  Study 

The a n a l y s i s  of t he  LMSC Phase I nuclear  module design i s  e s s e n t i a l l y  
complete. Both OLV and ELV conf igura t ions  r equ i r ing  from 5 t o  10 e a r t h  
launches have been s tudied .  Assuming a  "nominal" b o i l o f f  schedule,  a  
10-launch system which w i l l  accomplish the  1982 manned Mars landing can 
be e a r t h  launched by the  two-stage MLV-Saturn V-4(S)B vehic le .  The 5-launch 
system cannot be e a r t h  launched by any p re sen t ly  i d e n t i f i e d  improved Sa turn  V 
launch veh ic l e .  The proposed conf igura t ion  r equ i r e s  6 launches of a  "660K" 
c l a s s  launch veh ic l e .  

D r a f t  copies  of t he  LMSC Volume 11, Nuclear Propulsion Module 
Sys tems Analysis  ,and Volume 111, Nuclear Propulsion Module Vehicle Design, 
have been rece ived  from R-AS-VP wi th  t h e  r eques t  t h a t  t h i s  Of f i ce  review 
and comment a s  soon a s  p rac t i cab le .  Volume V,  Nuclear Propulsion Module 
F l i g h t  Sa fe ty  S tud ie s ,  was reviewed previously.  

S tudies  a r e  now being i n i t i a t e d  t o  i n v e s t i g a t e  t he  e f f e c t s  of u s ing  
LMSC Phase I1 nuclear  module design.  The r e s u l t s  of t h i s  s tudy  w i l l  be  
compared t o  t he  Phase I s tudy  r e s u l t s .  

The r e s u l t s  of t he  Phase I s tudy  e f f o r t  t o  d a t e  a r e  being summarized 
f o r  p re sen ta t ion  t o  P&VE management. 

ADVANCED PROGRAMS 

I. Launch Vehicle 

A. Kick Stage Study 

An i n v e s t i g a t i o n  i s  cont inuing t o  determine methods, paramet r ic  
curves,  t a b l e s ,  c h a r t s ,  drawings, e t c . ,  which w i l l  provide the  information 
necessary  t o  respond quickly and accu ra t e ly  t o  a  requirement f o r  des ign  
information concerning k i ck  s t a g e s .  The s tudy  of vary ing  p rope l l an t  
loading i n  a  k i ck  s t a g e  t o  meet the  requirements of var ious  missions has 
been completed and the  conclusion drawn t h a t  i n  t he  ma jo r i t y  of cases  
i t  i s  d e s i r a b l e  t o  o f f  -load r a t h e r  than t r y  t o  add s e c t i o n s  t o  t h e  tanks 
o r  design each s t a g e  f o r  a  p a r t i c u l a r  mission. Most of t he  t e c h n i c a l  e f f o r t  
concerning such in-depth inves t iga t ions  a s  b o i l o f f  r a t e s  f o r  cryogenic 
p rope l l an t s  , k ick  s t a g e  length  versus p rope l l an t  loading,  and i n t e r s  t age  
weights f o r  the  260 and 296-inch-diameter k ick  s t ages  has been completed. 
This s tudy  i s  t o  be completed about the  end of J u l y  1967. 
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B. Liquid Strap-on Pods, "660K Launch Vehicle" 

Documentation (MSFC I n t e r n a l  Note) of Phase I of t he  156-inch- 
diameter pod des ign  s tudy  i s  scheduled f o r  completion i n  e a r l y  June 1967. 
A p re sen ta t ion  t o  P&VE management on t h i s  v e h i c l e  concept is  scheduled 
f o r  June 1967. Phase I1 of t h e  s tudy  i s  cont inuing.  It w i l l  cons ider  
s e v e r a l  o t h e r  ref inements  and innovat ions of t he  launch v e h i c l e  conf igura t ion  
chosen i n  the  Phase I study.  Por t ions  of the  Phase I1 s tudy which have 
been completed concern p r e s s u r i z a t i o n  s i m p l i f i c a t i o n ,  ga ther ing  of d e t a i l e d  
information on alumizine c h a r a c t e r i s t i c s ,  and o the r  ref inements  of t h e  
launch v e h i c l e  conf igura t ion  chosen i n  t he  Phase I study.  A comparison 
of t h e  pressure-fed s t rap-on  pod with t h e  pump-fed pod w i l l  a l s o  be made 
dur ing  Phase 11. 

11. Ear th  O r b i t a l  

A .  Advanced. S-IVB Workshop 

The f i r s t  b r i e f i n g  by McDonnell Douglas Corporation (MDC) on 
t h e i r  Advanced S-IVB Workshop s tudy  was he ld  a t  MSFC on May 17, 1967. 
This b r i e f i n g  concentrated p r imar i ly  on the  synchronous o r b i t  a p p l i c a t i o n  
of t he  e a r l y  type workshop system. Major changes i n  workshop des ign  f o r  
t h i s  a p p l i c a t i o n  would be r e l o c a t i o n  and redes ign  of r a d i a t o r s  and t h e  
thermal c o n t r o l  system, and poss ib l e  s h i f t d q g  of t he  crew q u a r t e r s  f l o o r  
t o  t he  upper p a r t  of t he  LH2 tank f o r  ea se  of r a d i a t i o n  sh i e ld ing .  A 
f i n a l  r e p o r t  d r a f t  submitted by t h e  con t r ac to r  has been reviewed and 
comments forwarded t o  R-AS, 

Configurat ion s tudy  ca t egor i e s  and appropr i a t e  l e v e l s  of e f f o r t  
f o r  MDC were d iscussed  wi th  R-AS. MDC was r e c e n t l y  d i r e c t e d  t o  concen t r a t e  
on r e l a t i v e l y  unsophis t ica ted  vers ions  ( e a r l y  and in te rmedia te  des igns)  
of the  ground-equipped S-IVB Workshops. The Advanced Spent Stage Analysis  
by MDC w i l l  be  terminated J u l y  1, 1967. 

B. In-house Workshop Configurat ion Study 

The r e s u l t s  of a r e c e n t l y  completed Workshop-configuration- 
ma t r ix  Pn-house s tudy  were presented t o  personnel of t he  Advanced S tud ie s  
Off i c e  on May 26, 1967. This s tudy  def ined  t h e  most f e a s i b l e  v a r i a b l e s  
of a ground-equipped and advanced spent  s t a g e  workshop. These 
v a r i a b l e s  and t h e i r  mu l t ip l e  combinations, a long wi th  the  eva lua t ion  
r e s u l t s  of t he  39 conf igura t ions  considered,  were presented wi th  some 
recommendations. An MSFC I n t e r n a l  Note i s  being prepared which de f ines  
t h e  concepts considered and the  r e s u l t i n g  eva lua t ion .  

The i n i t i a l  in-house e f f o r t  on t h e  subsystem d e f i n i t i o n  f o r  
t he  Ea r ly  O r b i t a l  Space S t a t i o n  (EOSS) has been completed and i s  c u r r e n t l y  
be ing  documented i n  an  MSFC I n t e r n a l  Note. A progress  r e p o r t  on t h e  
in-house Advanced Workshop designs and subsystems w i l l  be  presented on 
June 9 ,  1967, t o  R-AS and o t h e r  i n t e r e s t e d  organiza t ions .  A subsystems 
d e f i n i t i o n  s tudy  f o r  an  Advanced Spent Stage Workshop (AWS) has been 
i n i t i a t e d .  

14 



C. Five-year  Space S t a t i o n  

The bulk  of t h e  e f f o r t  on t he  Five-year Space S t a t i o n  Study 
dur ing  t h i s  r e p o r t i n g  per iod has been on eva lua t ing  a  9-man s t a t i o n  
concept wi th  prev ious ly  generated requirements and c o n s t r a i n t s .  The 
genera 1 compartment arrangement has been completed and the  i n s t a l l a t i o n  
of t h e  va r ious  subsystems i s  now i n  process .  

D .  TV Broadcast S a t e l l i t e  Study 

Proposals  a r e  being eva lua ted  f o r  s e l e c t i o n  of a  con t r ac to r  
f o r  the  9-month d u r a t i o n  "TV Broadcast S a t e l l i t e  Study" which w i l l  be  
d i r e c t e d  by R-ASTR-A. The s tudy  w i l l  i n v e s t i g a t e  technologica 1 and 
c o s t  f a c t o r s  of t he  s p a c e c r a f t  systems f o r  TV Broadcast i n  t he  1970 
t o  1975 time frame. The s tudy  w i l l  consider  a  Sa turn  V launch t o  
synchronous o r b i t  i n  a  manned o r  unmanned conf igura t ion .  

111. Plane t a ry  Sys tems 

A. Mars /Venus Flyby S tudies  

The t h i r d  i n t e r i m  p re sen t a t i on  on the  manned Mars Flyby s tudy  
was made the  f i r s t  week i n  May a t  MSFC by North American Aviat ion.  
NAA has  f i n a l i z e d  a l l  t he  s c i e n t i f i c  experiments f o r  both t h e  s p a c e c r a f t  
and the  probes.  The probe des ign  work has  a l s o  been completed by AVCO. 
Seve ra l  v e h i c l e  concepts were presented wi th  t h e  p re fe r r ed  NAA mode 
be ing  an a r t i f i c i a l  g r a v i t y  s p a c e c r a f t ,  i n j e c t e d  by a  LOX tanked S-IIB 
s t a g e .  NAA s t a t e d  t he  p re fe r r ed  mode c o s t s  were t h e  same a s  those  where 
S-IVB C s t a g e s  a r e  u t i l i z e d ,  bu t  provided much b e t t e r  growth c a p a b i l i t y .  
The remainder of t he  s tudy  w i l l  cover c o s t i n g  t h e  more d e t a i l e d  subsystems 
and prepar ing  RDT&E programs. 

The s tudy  c o n t r a c t  wi th  MDC (NAS8-18032) has been extended f o r  
approximately four  and one-half months. The purpose of t h e  ex tens ion  i s  
t o  develop t h e  performance, design c h a r a c t e r i s t i c s ,  t r a d e o f f s ,  and t h e  
approximate c o s t  and development schedule  f o r  a  new propuls ive  s t a g e  
which i s  s u i t a b l e  f o r  manned p l ane t a ry  exp lo ra t i on .  This s t a g e ( s )  i s  
based on ex tens ion  of t h e  S - IVand  S-XVB technology. It would be used 
a s  an i n j e c t i o n  s t a g e  f o r  missions t o  Venus and Mars, a s  a  b r ak ing  s t a g e  
f o r  o r b i t a l  c ap tu re ,  and a s  a r e t u r n  s t a g e  from t h e  p l ane t .  The s tudy  
i s  scheduled f o r  completion about  September 8 ,  1967. 

B.  Mars Excursion Module 

The s tudy  t o  conceptua l ly  d e f i n e  a  Mars excurs ion  module has  
been completed. The s tudy  showed t h a t  a  77,000-pound MEM was r equ i r ed  t o  
t r a n s p o r t  and con ta in  the  four-man crew on t h e  Mars s u r f a c e  f o r  a  per iod  
of 40 days (maximum). The r e s u l t s  of t he  s tudy  a r e  being documented f o r  
pub l i ca t i on .  



C. Mars Orb i t e r  Probe 

This s tudy  i s  being continued and s i z i n g  of t h e  o r b i t e r  
p ropuls ion  system has been completed u s ing  s t o r a b l e  l i q u i d  p rope l l an t .  
A f i r s t - c u t  approximation i n d i c a t e s  t he  probe w i l l  weigh approximately 
11,000 pounds, of which 700 pounds i s  s c i e n t i f i c  payload. I 

\ 
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SATURN I B  

I. S - I B  Stage 

A. Inves t iga t ion  of the  Corrosive Ef fec t s  of MIL-H-5606 Hydraulic O i l  

Test ing has continued i n  the comparison of the corros ive  e f f e c t s  of 
MIL-H-5606A rev i s ion  hydraulic  f l u i d  t o  the B r ev i s ion  f l u i d .  Neither f l u i d  
has caused any corrosion of various metal coupons a f t e r  136 days of exposure. 

B.  Evaluation of Horizontal Heat Shield Insu la t ion  

A s  reported previously, Chrysler Corporation Space Division (CCSD) 
i s  evaluat ing  FTA-442A insu la t ion  as a replacement ma te r i a l  f o r  M-31 on the  
base hea t  sh ie ld  of the  S-IB s tage .  CCSD has insula ted  a f u l l - s i z e d  hea t  
sh ie ld  panel with FTA-442A insu la t ion .  This  panel was mounted an  the  S-IB-10 
s t a g e  and t e s t ed  during the  s h o r t  and f u l l  dura t ion  s t a t i c  f i r i n g s  of t h e  
veh ic le .  The insu la t ion  capably withstood both s t a t i c  f i r i n g s  and was i n  good 
condi t ion  a f t e r  the  f u l l  dura t ion  f i r i n g .  

11. H-1 Engine 

I n v e s t i ~ a t i o n  of Corrosion i n  LOX Seal  Cavity of H-1 E n ~ i n e  

During inspect ion  of seve ra l  H-1 engines a leak  de tec t ion  s o l u t i o n  (Shurlock) 
was allowed t o  ge t  i n t o  the LOX s e a l  cav i ty  and remain f o r  seve ra l  months. 
This occurred on about 15  engines a t  Michoud. Although the  corrosion i s  
i n s i g n i f i c a n t  a s  f a r  a s  s t r u c t u r a l  damage is  concerned, the corrosion,products  
could ge t  under the LOX s e a l  and cause leakage; and any l i q u i d  t h a t  remains 
could form i c e  which would cont r ibute  t o  fu r the r  leakage. A t e s t  procedure 
has been set up t o  remove any l iqu id  by hea t  and vacuum and check f o r  corros ion 
products with a boroscope and small vacuum cleaner.  I f  e i t h e r  l i q u i d  o r  
corrosion products a r e  found, the  s e a l  cavi ty  w i l l  be opened and examined 
v i s u a l l y .  



SATURN V 

I. S-IC Stage 

A. Evaluation of Commercial Adhesives 

Aluminum specimens bonded with Narmco 7343  adhesive under contract 
NAS8-11958 for long term aging BROW excellent strength retention after four 
months, although control specimens (unprimed adherends, with no silane coupling 
agent in the adhesive mix) appear to show a gradual strength loss. Significant 
trends are not discernible this early in the prokram. 

Additional humidity tests at 80°F (27°C) and 80 percent relative 
humidity have been made on control samples of this adhesive and an other 
samples incorporating silane coupling agents as primers or bulk resin additives. 
It appears that silane agent 2-6040 promotes somewhat better lapshear strength 
retention under these conditions when used as a bulk additive rather than as 
a primer. Also, it appears that part of the temperature-humidity strength 
degradation may be offset by post-exposure drying of the bondline. Fractional 
strength recovery of silane-primed samples was higher than the control specimens. 

B. Development and Evaluation of Potting Compounds and Conformal Cartin~s 

Continued effort has been devoted to the development of specialized 
polymeric materials for the encapsulation of electronic hardware. Emphasis 
during this reporting period has been directed toward (1) synthesis of a 
series of epoxy-siloxane polymer intermediates for ultimate conversion into 
polymeric embedment materials, and on (2) formulation of hydrocarbon polymers 
and various proprietary materials as conformal coatings. 

1. Development of Epoxy-Siloxane Embedment Materials 

The synthesis of the last epoxide intermediate in a series 
of four compounds described in recent reports, has been partially completed. 
The desired structure, methyltris(~-2,3-epoxypropyl)phenyldimethylsiloxy)- 
silane, is illustrated below: 

The triallyl analog of this material was prepared by condensation of three 
mole-equivalents of p-allylphenyldimethylsilanol with one mole-equivalent 
of methyltris(dimethylamino)silane. T2tration of the dimethylamine evolved 
during the condensation indicated that the reaction was 94 percent complete. 
Molecular distillation provided three fractions with the following boiling 
ranges : 



a. 100-165°C (212-329°F) 11.0-4 torr, 1.3 grams 

b. 165-170°C (329-338OF) torr, 8.2 grams 

c. 170-200°C (338-392°F) torr, 2.4 grams 

Fraction b. was a pale yellow oil whose infrared spectrum contained the 
expected absorption peaks. Elemental analyses are being obtained for this 
compound. 

Additdanal molecular distillations were carried out on previously 
prepared quantities of 1,5-bis(p-allylphenyl)hexamethyltrisiloxane (I), and 
1,4-bis((~-allylphenyldimethylsiloxy)dimethylsilyl)benzene (2). Compound (1) 
was recovered as a pale yellow oil, boiling at 150-155OC (302-311°F) I5 x 10'4 
torr. Satisfactory elemental analyses were obtained for these compounds 
to confirm the expected structures. 

Epoxidation studies of the two above mentioned compounds, methyl- 
tris(2-ally1phenyldimethylsiloxy)silane and 1,5-bis(~-allylpheny1)hexamethyl- 
trisiloxane, have been carried out in an effort to optimize the yield of 
pure epoxide and minimize the undesirable ester formation. A molar ratio 
of sodium carbonate to trifluoroperacetic acid of 1.5 in the epoxidation 
reaction produced the desired epoxide analog of the tm above compounds, 
with faint carbonyl and hydroxyl bonds evident in the infrared spectra. 
Subsequent epoxidations will utilize a carbonatelperacid ratio of 1.75-2.0. 

2. Development of Conformal coat in^ Materials 

Additional formulation studies have been carried out on the 
styrene-butadiene copolymer in an effort to further improve the marginal 
adhesive properties of this material as a cured coating. Three formulations 
were prepared using 1,4-bis(hydrogendimethylsily1)benzene as the curing 
agent and chloroplatinic acid as the catalyst and cured for 16 hours 
at 110°C (230°F) as aluminum lapshear tensile specimens. 

(1) 100 grams polymer 
100 grams curing agent 
0.1 gram catalyst 
Bond strength: 88 psi 

(2) 100 grams polymer 
12 grams curing agent 
2 grams vinyl tr ie thoxys ilane 
0.1 gram catalyst 
Bond strength: 90 psi 

(3) 100 grams polymer 
12 grams curing agent 
2 grams allyltriethoxysilane 
0.1 gram catalyst 
Bond strength: 122 psi. 



The unexpected low value obtained with formulation (2) i s  sub jec t  t o  
reexamination, a s  the  adhesive s t r eng th  of (2) should approximate t h a t  
of (3) .  

Coating formulation s tud ies  have been ca r r i ed  out  using a 
commercial C36 d i b a s i c  ac id ,  Empol 1010, Emery Indus t r i e s ,  Incorporated, 
and a d i a z i r i d i n e ,  HX-740, 3M Company. These mater ia ls  were polymerized 
i n  molar r a t i o s  varying from 0.7511.0 t o  1.0/1.0 of d i a z i r i d i n e l a c i d .  The 
products cured t o  a  considerable degree a f t e r  24 hours a t  100°C (212OF) 
but  were s t i l l  tacky. E f f o r t s  w i l l  be made t o  obta in  o r  synthesize a 
t r i f u n c t i o n a l  a z i r i d i n e  i n  order  t o  increase  the  c ross l ink  dens i ty  of the  
cured polymer. 

C .  Inves t iga t ion  of Foams Used i n  E l e c t r i c a l  Dis t r ibu to r  Boxes 

Slow expansion of Stafoam AA-1802 i n  S-IC d i s t r i b u t o r  boxes 
continued t o  c rea te  concern f o r  the  r e l i a b i l i t y  of the e l e c t r i c a l  components 
i n  contac t  with the foam, although no f a i l u r e s  a t t r i b u t a b l e  t o  foam expansion 
have been reported.  This phenomenon i s  being studied t o  determine the  cause, 
determine the  r a t e  of expansion, and, if  possible,  t o  recommend cor rec t ive  
ac t ions  . 

Foamed boxes of Stafoam AA-1802 have been prepared using the 
recommended amount of c a t a l y s t ,  90 percent of the recommended amount and 
10  percent excess c a t a l y s t .  Some preparat ions were t r ea ted  t o  the  standard 
cure of 24 hours a t  room temperature, while o thers  were subjected t o  a  cure 
cycle culminating i n  24 hours a t  195°F (91°C). Accelerated foam growth 
was induced by heat ing  i n  ovens and i n  an environmental chamber wi th  con- 
t r o l l e d  humidity. There i s  apparently l i t t l e  d i f f e rence  i n  post  cure  
behavior of Stafoam AA-1802 when cured with excess c a t a l y s t ,  s to ichiometr ic  
c a t a l y s t ,  o r  90 percent s t iochiometr ic  c a t a l y s t .  Increase i n  humidity 
r e s u l t s  i n  increased foam growth; the higher temperature cure decreases post 
cure growth t o  some ex ten t .  Exposure t o  water  vapor a t  200°F (93°C) ins ide  
a sea led  p l a s t i c  bag f o r  three  hours caused d r a s t i c  growth which destroyed 
the  s t r u c t u r a l  i n t e g r i t y  of the  foam. A proposed replacement mater ia l ,  
Nopco foam B-610-RT was undamaged a f t e r  i d e n t i c a l  treatment and under- 
went only 1 percent l i n e a r  expansion. The use of t h i s  p a r t i c u l a r  Nopco foam 
is  object ionable because i t  i s  not f i r e  r e t a rdan t .  A r e l a t e d  f lame-retardant  
foam formulation has been ordered from Nopco and w i l l  be evaluated f o r  t h i s  
app l i ca t ion .  

11. Contract Research 

During t h i s  r epor t  period, Saturn-related supporting research  a c t i v i t i e s  
have continued i n  the  f i e l d s  of technology with the cont rac tors  and under 
con t rac t  numbers l i s t e d  below. 

A.  Polymer Research, Development, and Tes t ing  

1. Universi ty of Flor ida ,  NAS8-20247 
2. Peninsular ChemResearch, Incorporated, NAS8-5352 
3. B a t t e l l e  Memordal I n s t i t u t e ,  NAS8-11837 



E .  Development of Cryogenic and High Temperet.ezre I n s u l a t i o n  Mater ia l  

Goodyear Aerospace Corporat ion,  NAS8-11747 

C .  Ana ly t i ca l  Methods Development 

Beckman Instruments ,  Incorporated,  NAS8-11510 

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

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

E . Nondestructive Tes t ing  Techniques 

1. R. W .  Benson and Assoc ia tes ,  NAS8-20208 
2. Southwest Research I n s t i t u t e ,  NAS8-20731 

111. S- I1  Stage 

A.  I n v e s t i g a t i o n  of Frac ture  Toughness of 2014-T6 Weldments 

S tud ie s  have continued i n  t h e  de te rmina t ion  of t h e  f r a c t u r e  toughness 
of weldments of 2014-T6 aluminum a l l o y  i n  Sa turn  S - I1  s t a g e  p rope l l an t  
tanks . 

Program ob jec t ives  and o u t l i n e s  have been e s t a b l i s h e d  f o r  t h e  evalua-  
t i o n  of weldments made by the  M I G  pulsed-arc process and t h e  TIG procedure 
p r e s e n t l y  used i n  f a b r i c a t i n g  S- I1  s t a g e  tanks.  The o b j e c t i v e s  of t h i s  
s tudy  a r e  a s  fol lows:  

1. Determine KIC values (0.296 inch,  S-11-T, pulsed-arc 0.266, and 
0.500 inch)  f o r  weldments a t  room temperature,  -196°C (-320°F), and -253°C 
(-423 OF) . 

2. Determine inf luence  of f i l l e r  metal (4043 and 2319) on KIC 
f o r  t he  same temperatures .  

3.  Determine KIc degrada t ion  due t o  t he  HT424 cu re  cyc l e .  

4.  Determine KIC degrada t ion  due t o  r e p a i r  welding. 

5. E s t a b l i s h  KIC range f o r  b e s t  and worst case  weldment condi t ion .  

6.  Determine f o r  room temperature t he  low cyc le  f a t i g u e  c rack  
growth c h a r a c t e r i s t i c s  f o r  b e s t  and worst case  weldment condi t ion .  T e s t  
equipment has  been assembled f o r  t h i s  program and t e s t  specimens a r e  
be ing  f a b r i c a t e d .  A v a r i e t y  of s i z e s  of compact-tension edge c rack  specimens 
and weldment types,  and thiokness  have been t e s t e d  t o  e s t a b l i s h  t e s t i n g  
background, specimen s i z e  i n f luence ,  and t e n t a t i v e  range of KIC va lues  
a t  room temperature.  Tes t  r e s u l t s  which were determined from d a t a  meeting 
l i n e a r i t y  requirements bu t  no t  crack length  and th ickness  requirements a r e  
a s  fol lows:  



KIC Values (ks i - in  1 / 2 )  - 
Type 

TIG 4043 Lab. 
T I G  4043 Lab. 
TIG 4043 Lab. 
TIG 4043 Lab. 
TIG 4043 Lab. 
Cure Cycle TIG 4043 
Cure Cycle TIG 4043 
S-11-T (TIG 4043) 

Thickness ( inch) - Room Te-mperature -196OC (-32O0FI 

I n  addi t ion  t o  the  above in-house s tgd ies ,  support ing s t u d i e s  
a r e  a l s o  being made by Lewis Research Center and The Boeing Company. Material  
f o r  these s tud ies  w i l l  be supplied by the  Space Division of KAA. 

B. Evaluation of Spray Foams f o r  Appl icabi l i ty  a s  S-I1 Liquid Hydropen 
Tank Insu la t ion  

During a meeting a t  Seal Beach, Cal i fornia  between represen ta t ives  
of t h i s  Center,  the  Space Division of North American Aviation (SD) and 
Douglas A i r c r a f t  Company (DAC) plans were made f o r  applying spray foam 
i n s u l a t i o n  t o  an 8-foot diameter Thor LOX tank. The planned program provides 
f o r  DAC t o  clean,  inspect ,  c e r t i f y ,  and de l ive r  the tank t o  SC. The S-I1 
s t age  cont rac tor  (SD) w i l l  apply CPR 369-3 spray foam t o  the lower ha l f  of 
the  tank and Nopco BX 250A spray foam t o  the  upper h a l f .  The insu la ted  
tank w i l l  be de l ivered  t o  DAC a t  Sacramento f o r  e i g h t  l i q u i d  hydrogen (LH2) 
f i l l  and d r a i n  t e s t s .  The f i r s t  s i x  t e s t s  w i l l  dupl ica te  the  pressure and/or 
s t r a i n  expected i n  the  S-I1 s t age  LH2 tank, i .e.,  normal ground pressure 
t e s t s ,  130 percent of normal ground pressure t e s t ,  pressure t e s t  t o  achieve 
tank s t r a i n  l e v e l s  equivalent  to.-90,000 f e e t  of a l t i t u d e ,  and maximum 
f l i g h t  pressure t e s t s .  I n  the l a s t  two LH2 t e s t s ,  cracks,  debonded a reas ,  
and standard r e p a i r s  w i l l  be introduced i n  the  foam p r i o r  t o  t e s t i n g .  Due 
t o  unforeseen delays i n  obtaining the  t.ank and o ther  items, the  i n i t i a l  
schedule has been delayed approximately two weeks. DAC is  present ly  planning 
t o  d e l i v e r  the  tank t o  SD by May 29 r a t h e r  than May 15. Assuming no o ther  
de lays ,  t e s t i n g  should be i n i t i a t e d  on o r  about Ju ly  15 a t  Sacramento, 
Ca l i fo rn ia .  The r e s u l t s  of the  t e s t s  w i l l  be evaluated by a Special  Review 
Board cons i s t ing  of representa t ives  from SD and t h i s  Center. DAC w i l l  be 
inv i t ed  t o  p a r t i c i p a t e  with the  Special  Review Board. 

Ten t e s t  plugs were pulled by SD on the  foam insu la t ion  applied 
l o c a l l y  t o  the 70-inch tank. I n  three  of the  t e s t s  the  foam broke p r i o r  
t o  obta in ing a s t r eng th  value;  these  t e s t s  were i n  areas  where inadequate 
r e p a i r s  had been made. Strength values fo r  the  o ther  7 plugs varied from 36 
t o  75 ps i .  The dogbone samples made f o r  t e s t i n g  by SD a l l  passed when t e s t ed .  



The f i r s t  attempt t o  make r e p a i r s  t o  the  foam insu la t ion  on the  
70-inch tank was unsuccessful.  The foam was fnPl  of cracks and d id  not  
bond t o  i t s e l f .  Later ,  i t  was shown t h a t  an improper app l i ca t ion  technique 
was employed, and t h a t  the  eq~ ipment  was operat ing improperly, It was 
repor ted  t h a t  the foam turned green wi th in  a few seconds i n  d i r e c t  sun l igh t .  
However, the  p a r t  t h a t  sun l igh t  may have contr ibuted t o  the  f a i l u r e  of the  
foam r e p a i r  has not  been completely ascer ta ined as  ye t .  

C. Evaluation of Nondestrv~ctive Techniques f o r  Examining Composite 
-Materials  

Several  very e f f e c t i v e  methods of evaluat ing  complex honeycomb 
composite mater ia ls  (such a s  a r e  used i n  the  common bulkhead of the  S-I1 
s t age )  have been developed, However, f u r t h e r  work is required t o  develop 
b e t t e r  coupling techniques (e.g. a i r  coapling) and t.o e s t a b l i s h  b e t t e r  
and more meaningftil s tandards.  

Recent work i n  t h i s  a rea  has been d i rec ted  toward the nondestruct ive 
evaluat ion  of aluminum-foam composite mater ia ls  which a r e  t o  be used f o r  
the  S-I1 s tage .  

Single s i d e  and through tsansmission techniques of low and of u l t r a -  
sonic  frequencies have been applied t o  a foam-aluminum composite panel 
with l i t t l e  success. These techniques involve inducing v ib ra t ions  i n t o  
the  metal and observing amplitude, phase o r  impedance modificat ion of the  
induced s i g n a l  by debonds. The major reason f o r  the diff icanlty i n  d e t e c t i n g  
debonds i n  t h i s  composite i s  simply t h a t  l aw  dens i ty  foam (3 l b s .  per cu, f t . )  
has very l i t t l e  damping capacity.  The metal p l a t e  w i l l  v i b r a t e  almost a s  
we l l  with foam at tached a s  i t  w i l l  without the  foam. Therefore, a new 
approach is being considered. Plane involve inducing t ransverse  v i b r a t i o n s  
i n t o  the  foam, r a t h e r  than i n t o  the  metal. There i s  l i t t l e  doubt t h a t  a 
band t o  metal w i l l  modify fomn v ib ra t ions .  The e f f i c i e n t  in t roduct ion  of 
sound i n t o  foam c o n s t i t u t e s  the  major problem of t h i s  approach, Basic acous t i c  
p roper t i e s  of 3 l b .  foam a r e  being measured s o  required transducer design 
ca lcu la t ions  can be made. These transducers m c s t  be capable of v i b r a t i n g  
the  foam d i r e c t l y  i n  the  t ransverse  d i r e c t i o n .  

I V .  S-IVB Stage 

A. Developmental Welding 

1. The study t o  determine r e p a i r a b i l i t y  of aluminum a l l o y  2014-T6 
weldments i s  approximately 95 percent complete. Currently,  specimens are 
being prepared f o r  t e n s i l e  t e s t ing .  

2 .  Studies have continued i n  the  c o r r e l a t i o n  of the  e f f e c t s  of 
various welding energy inputs  and na tu ra l  aging with the performance 
c h a r a c t e r i s t i c s  of weldments i n  aluminum a l l o y  2014-TO. During t h i s  r e p o r t  
period,  3/8 inch th ick  p l a t e  mater ia l  was received and is being machined 
in. to the desired configurat ions f o r  subsequent weld evaluat ions  i n  accordance 
with t h e  program plan. During the  next r epor t  period, welding of t h i s  
mater ia l  w i l l  be accomplished as  t i m e  permits.  



B .  Study of Ma te r i a l s  Problems Attendant. t o  t he  S-SVB Workshop Program 

1. Study of the  E f f e c t s  of Hypervelocity F a r t i c l e  Penctrat: ion 
of I n t e r n a l  Tank I n s u l a t i o n  

Addi t iona l  t e s t s  have been made t o  a ~ c e r t a i n  the  e f f e c t  of 
hyperve loc i ty  p a r t i c l e  pene t r a t ion  on a1u.mim.r.m f o i l  coated 3-D i n s u l a t i o n  
when impacted a f t e r  having been soaked i n  gaseov:.s oxygen. Tes t  r e s u l t s  t o  
d a t e  i n d i c a t e  t h a t  specimens impacted wi th  118 inch diameter  p r o j e c t i l e s  
a t  25,000 f e e t  /second a f t e r  soak periods of up t o  70 hours  i n  1 5  ps i a  
oxygen a r e  i g n i t e d  and s u f f e r  a  burned a rea  of approximately 9 inches i n  
diameter  before  s e l f  extinguishment.  

2.  Study of Permeation - Dif fus ion  of Helium i n t o  3-D I n s u l a t i o n  

a .  Permeation 

Studies  t o  determine the  permeabi l i ty  of 3-D type i n s u l a t i o n  
a r e  cont inuing ,  Resul t s  from the  helium gas phase were reviewed i n  the  
previous monthly r e p o r t .  A t e s t  program is  now i n  progress  t o  determine 
the  permeabi l i ty  of the i n s u l a t i o n  t o  hydrogen gas fol lowing the  t e s t  schedule 
descr ibed  i n  t he  review f o r  helium. The hydrogen flow r a t e  is  being determined 
by a  barometr ic  technique. Permeabil i ty  r e s u l t s  f o r  hydrogen a r e  a n t i c i p a t e d  
w i t h i n  t h e  next  30 days. 

b .  D i f f u d  on 

An apparatus  has  been designed and f a b r i c a t e d  which permits  
t h e  de te rmina t ion  of t he  flow r a t e  of helium r e s u l t i n g  from d i f f u s i o n  from 
a  known su r f ace  a r e a  of 3-D i n s u l a t i o n  exposed t o  high vacuum. The p re s su re  
change w i t h i n  the  i n s u l a t i o n  r e s u l t i n g  from helinm d i f f u s i o n  i s  recorded 
concurren t ly  wi th  t h e  flow r a t e  a s  a  func t ion  of time. S tudies  a r e  i n  
progress  t o  determine time-pressure parameters necessary f o r  complete 
removal of helium from w i t h i n  the  3-D i n s u l a t i o n  by the  d i f f u s i o n  process .  
This  program i s  cont inuing  on a  high p r i o r i t y  b a s i s .  

3.  I n v e s t i g a t i o n  of t he  E f f e c t  of H ~ l f u m  Diffused i n t o  t h e  
I n s u l a t i o n  on I n s u l a t i o n  Conductivity_ 

An experimental t e s t  has been completed t o  determine helium 
d i f f u s i o n  i n t o  and out  of the S-IVB tank i n s u l a t i o n  a s  r e f l e c t e d  by the  
thermal conduct iv i ty  of the  i n s u l a t i o n  system. Maximum and minimum thermal 
conduc t iv i ty  va lues  corresponding t o  complete helium s a t u r a t i o n  and removal 
were confirmed by r e p e a t i n g  the  t e s t i n g  schedule u s ing  the  same sample with 
the  su r f ace  s e a l  coa t  per fora ted  with e i g h t  118-inch diameter ho les  t o  
i n su re  complete helium s a t u r a t i o n  and removal. These K va lues  a r e  0.5 and 
0.058 ( ~ t u - i n )  / (hr-f  t 2 " ~ )  which compares favorably wi th  maximum-minimum K 
va lues  of 0.4 and 0.062 r e s u l t i n g  from simple d i f f v s i s n  of helium through 
the  s e a l  c o a t .  Considering the  0 .5  and 0.058 K t o  be i n f i n i t e  time va lues  
f g t  simyle d i f f u s i o n  cond i t i ons ,  t hese  d a t a  a r e  q u i t e  compatible with the  
previous ly  r epo r t ed  t e q t  r e s u l t s .  



4 .  Study of Flammability s f  Materials  

A program has been i n i t i a t e d  with support from Test  Laboratory 
t o  study fu r the r  the flammability hazard of alhrminum f o i l  covered S-IVB 
insu la t ion .  Standard 3-foot diameter samples a r e  usedln a l l  t e s t s .  The 
samples a r e  flanged t o  a 3-foot diameter by f i v e  foo t  t e s t  tank. The tank 
i s  placed i n  a vacuum chamber, evacuated, and back f i l l e d  with gaseous oxygen 
t o  5 t o  5.7 ps ia  flowing oxygen. A nichrome wire was used t o  i g n i t e  the 
samples. The i g n i t e r  was placed over the  damaged area  1 / 8  inch t o  1/16 inch 
away from the foam. The power used f o r  the i g n i t e r  was 21 v o l t s  a t  9 amps. 

A preliminary review of the  da ta  obtained on 2 m i l  aluminum 
f o i l  covered S-IVB insu la t ion  indica tes  the following: 

a .  No i g n i t i o n  i n  15 minutes on mandamaged aluminum f o i l  
1 ine r  . 

b. No i g n i t i o n  i n  20 minutes on an aluminum f o i l  l i n e r  having 
a damaged area  of 1 inch x 114 inch. 

c .  Ign i t ion  and burning, approximately 5 inch diameter, on a 
sample with damaged a rea  of 2 inch diameter with oxygen flowing p a s t  the  
i g n i t i o n  point  a t  a r a t e  of 25 ft3/min. 

A l l  of the  t e s t s  c o d  ucted t o  da te  used a 5 ps ia  flowing system. 
However, the v e l o c i t y  of the  oxygen across the face of the  sample was not  
t o  Orb i t a l  Workshop spec i f i ca t ions .  

The t e s t  tank is  being modified t o  permit flowing of oxygen 
over the face  of the  t e s t  specimen a t  the  same r a t e  a s  t h a t  proposed f o r  
the S-IVB Workshop. The burning c h a r a c t e r i s t i c  of 2 and 5 m i l  aluminum 
f o i l  covered. S-IVB insu la t ion  w i l l  be evaluated using t h i s  system. 

5. Study of Combustion Products of S-IVB Insu la t ion  Materials  

A study has been i n i t i a t e d  t o  analyze the  combustion products 
of insu la t ions  which a r e  used i n  the S-IVB Workshop. A l l  combcstion t e s t s  
w i l l  be made i n  an oxygen atmosphere a t  5 ps ia  of pressure.  A new chamber 
has been assembled and has been fomd t o  csnt.ain v i r t u a l l y  no leaks during 
evacuation. The chamber cons i s t s  of an aluminum base and g lass  b e l l  j a r .  
The base is  octagon-shaped on outer  walls  with por t s  t h a t  contain valves 
and e l e c t r i c a l  wires which a r e  used f o r  hot  wire i g n i t i o n .  S u f f i c i e n t  
valves a r e  ava i l ab le  t o  accommodate purging, back f i l l i n g ,  and e v r ~ u a t i n g  
the  chamber. The e n t i r e  chamber has a volume capaci ty  of 48 l i t e r s  a t  
atmospheric pressure.  The combustion t e s t s  a r e  being made i n  two s e r i e s .  
The f i r s t  s e r i e s  cons i s t s  of burning samples with an excess amount of oxygen 
and the  second s e r i e s  of tests w i l l  be made by simulat ing the q u a n t i t i e s  
of mater ia ls  aboard the  spent  s t age  i n  regards t o  the  weight of insu la t ion  
t o  the volume of ava i l ab le  oxygen. 



6. Inves t iga t ion  of Thermal Control C o a t i n ~ s  f o r  Lse i n  the S-IVB 
Worksho~ 

Work continues i n  the search f o r  a thermal cont ro l  coat ing  t o  
be used i n  t h e  S-IVB Workshop. The coat ing  should have an emiss iv i ty  value 
of 0.8 o r  b e t t e r  and must be compatible with l i q u i d  oxygen (LOX). Current 
e f f o r t s  a r e  being concentrated on a modified alodine coat ing  (XCL-3). Tes t  
r e s u l t s  ind ica te  t h a t  t h i s  green coating has an emiss iv i ty  of 0.7 o r  b e t t e r .  
Results  of o ther  t e s t s  ind ica te  t h a t  i t  provides a good base f o r  adhesive 
bonding and has a d i e l e c t r i c  surface  comparable t o  chromic ac id  anodize. 
LOX compat ib i l i ty  t e s t s  a r e  being made on specimens of t h i s  coat ing.  Corro- 
s i o n  r e s i s t a n c e  i n  high humidity and s a l t  spray is  being determined and 
a f t e r  60 hours of exposure, no appreciable corrosion is  evident .  S a l t  
spray and humidity t e s t s  a r e  a l s o  being made on two o the r  candidate coat ings  
(~2SiOq/Zno and Black Magic). The ~2SiOq/%nO gray coating has prevented 
corros ion,  b ~ t  the Black Magic coat ing  has alliuwed some corros ion on the  
aluminum f o i l  a f t e r  60 hours of exposure. 

C .  S-IVB Stage Projec t  Management - Materials  

E f f o r t s  have continued i n  the coordinat ion and r e s o l u t i o n  of problem 
areas  of a ma te r i a l s  nature r e l a t e d  t o  the  S-IVB s tage .  During t h i s  r e p o r t  
period these  e f f o r t s  have included the  following: 

S-IVB-IU In te r face  Bolt Torque Requirements 

The problem of in te r face  b o l t  torque requirements has been 
resolved by Materials  Division approval of ECR No. R-P&VE-VSA-67-5, dated 
March 31, 1967, and ECR No. R-P&VE-VSA-67-6, dated Apri l  4, 1967. This 
approval is based upon the  f i t t i n g s  being lubr ica ted  and experiencing a 
maximum se rv ice  load of 3016 pounds. 

2.  F l u t t e r  K i t  

The problem of inadequate bonding of f l u t t e r  k i t  h a t  sec t ions  
on S-IVB-501 was inves t iga ted .  It was found t h a t  the  voids fn the  bond 
were not  unbonds but  were caused by an inadequate quant i ty  of adhesive t o  
f i l l  the  space between the faying surfaces  of the  adherends involved. The 
c o n t r a ~ t o r ' s  proposal t o  c o r r e c t  the  problem was reviewed and found 
acceptable;  thus,  no problems of f l u t t e r  k i t  bonding on S-IYB-501 a r e  
an t i c ipa ted .  

3. Radiogra$hic Inspection of Welds 

A de ta i l ed  review of radiographic inspect ion  requirements of 
welds has been completed, and our recommended changes have been appropr ia te ly  
coordinated with the  R&DO elements involved and forwarded t o  the  S-IVB 
s tage  manager. The s t age  cont rac tor  (DAC) has been asked f o r  a QkE (Quick 
Response Estimate) t o  incorporate our recomme~lded changes i n  the  s t age  
conTrac:, snd we a r e  awaiting D A C ' s  response ta t h i s  reques t .  



4. 5-18 Valve 

a.  The J-18 valve,  which is  a p a r t  of the  l i q u i d  hydrogen (LH2) 
rep ress  con t ro l  module, had s e a t s  of Mylar ,fai l ing,  repor tedly  because of 
high temperature t o  which the s e a t s  were exposed. O a r  i nves t iga t ion  f n t o  
the  matter revealed t h a t  temperature was not  the  problem. Further  i n v e s t i -  
gat ions revealed t h a t  the problem was due t o  pgsr design app l i ca t ion  of the  
Mylar. 

The 5-18 valve with Mylar s e a t s  w i l l  be flown on S-IVB-501, 
because (1) a leak-free valve can be ensured during countdown f o r  f l i g h t  
and one operat ion of the valve during f l i g h t  i s  a11 t h a t  i s  required,  and 
(2)  there  i s  not  time t o  qua l i fy  an a l t e r n a t e  mater ia l  i n  time f o r  -501. 

b. Polyimide s e a t s  a r e  being t e s t ed  as a replacement f o r  the  
Eylar ,  and these seats  a re  performing q a i t e  wel l .  Jpon s a t i s f a c t o r y  com- 
plecion of the Qi:,4L t e s t  program, polyimide w i l l  replace  the  Mylar f o r  s e a t s  
i n  the 5-18 valve ,  

5. The following documents were reviewed: 

a .  DAC DPS STP0135, "Nicropress Sleeves, I n a t a l l a t i o n  and 
Inspection of"  

b. Spec No. SS02SAl000025, "Performance and Design Requirements 
f o r  the  Orb i t a l  Workshop Apollo Applications Program System f o r  AAP-2" 

c .  DAC MRD 1P20087A7 " F i l l e r ,  Edge, Epoxyu 

d.  ECP No. 2183, l 'Modification of Fuel Recirculation Pipe 
Bellows l1 

e. DAC STP0130, "Leak Tes t ,  Sys tem and Subsystems" 

f .  DAC STM0051A, 'Nat,  Surface, Glass Filament, Continuous" 

g. DAC MRD IPOlllA, "Primer, S t r u c t u r a l  Bonding, 6=ry@%.enicl1 

h. DAC MRD 1P20107; "Foam, Polyzrethane, Yarn Reinf orsed 

i. DAC F-289, Revision AG, "Finish Speci f ica t ionf1  

j .  DAC STP0193, "Cryogenic Insu la t ion  Liner ,  F i r e  Retardant 
Aluminum F o i l  Film, I n s t a l l a t i o n  of"  

k.  DAC STM0174, "Adhesive, S i l icone ,  Elevated Temperature." 

V.  5-2 Engine 

I r z v e s t i ~ a t i o n  of ,  5-2 Engine S t a r t  Tank Discharge Valve Fa i lu res  

Two f a i l e d  J-2 engine s t a r t  tank discharge valves f a i l e d  while undergoing 
v i b r a t i m  q a a i i f d c a t . i o ~ ?  t e s t s .  T h e  natzre of the f a i l u r e  was t h a t  the  s h a f t  



s tuck i n  the  cyl inders .  Visual observation of the  chrome pla ted  347 
s t a i n l e s s  steel s h a f t  indicated that  f l ak ing  of the chrome was evident .  
This  f ind ing  was v e r i f i e d  by cross  sec t ioning and studying on the  metallo- 
graph. Evidence found with the l a t t e r  method indicated t h a t  wearing of the  
chrome had occurred. This study is  continuing. 

V I .  F-1 Engine 

A. Study of the  Ef fec t  of Sea Wetau Immersion on F-1 Engine Tes ts  

The Advanced Sys tem Office (R-AS) has proposed a t e a t  program 
t o  evaluate  the  r e u s a b i l i t y  of the F-1 engines a f t e r  immersion i n  sea 
water.  A r e p o r t  has been received from Rocketdyne giving a proposed t e s t  
program. This  r epor t  is being evaluated. 

B.  Inves t iga t ion  of Insula t ions  f o r  V s e  on F-1 Engine I n i e c t o r  Face 
Baff l e g  

Copper samples s imulat ing the  F-1 engine i n j e c t o r  face  b a f f l e s  
have been fabr i ca ted .  These samples w i l l  be coated with var ious  flame- 
sprayed ceramic coatings,  and the  insu la t ing  e f f i c i ency  of the  coat ings  
determined by exposing the  coated specimens t o  an oxygen-acetylene-gas 
flame adjus ted  t o  s imulate the F-1 engine thermal environment. To 
s tandardize  the  t e s t  procedure and t o  determine the  hea t  input  required 
t o  r a i s e  the  temperature of the  copper samples t o  the opera t ing  temperature 
of the  i n j e c t o r  f ace  b a f f l e s ,  which i s  approximately 648°C (1200°F) a t  
equil ibrium, thermocouples were accura te ly  placed an one of the  copper 
samples and the  sample heated u n t i l  the  equi l ibr ium temperature was 
reached. The coated samples w i l l  be thermucoupled i n  the  same manner 
and subjected t o  the  same hea t  input  a s  the  uncoated sample. ThedFfference  
between 648°C (1200°F) and the  equil ibrium temperature of the  coated samples 
w i l l  i nd ica te  the  i n s u l a t i n g  e f f i c i ency  of the  coatings.  

Performance of the  flame-sprayed ceramic coatings f o r  the  intended 
app l i ca t ion  is  dependent upon the  adherence of the  coatings t o  the  copper 
s u b s t r a t e s .  Techniques have-beem developed which w i l l  provide optimum 
adherence. These techniques cons i s  t sE vacuazm b las  t i n g  the  c w p e r  
s u b s t r a t e s  with G-25 angular s t e e l  g r i t  followed by the app l i ca t ion  of a 
prime coat  of flame-sprayed nickel  aluminide. A t  present ,  the  candidate 
ceramic coat ings  a r e  being applied t o  the copper t e s t  specimens. 

V I I .  Instrument Unit 

A .  Study of Possible Gas Evolution i n  the  Environmental Control 
Sys tem of the Instrument Unit 

An inves t iga t ion  was i n i t i a t e d  t o  determine i f  the  r eac t ion  of 
the coolant  with the  metal components i s  the  cause of the pressure build-up 
i n  the  environmental cont ro l  system (ECS). No measurable amount of gas 
has been evolved from specimens of cold p la te ,  LA141 magnesium a l l o y ,  o r  
6061 aluminum. However, d i s s imi la r  metal couples exposed t o  the  methanol/ 



water s o l u t i o n  have produced some hydrogen gas a f t e r  27 days of exposure. 
S t a i n l e s s  s t e e l  316 coupled t o  anodized 6061 almminam prodvced seven ml-s; 
LA141 magnesium coupled t o  2024 anodized aluminum produced 103 m i l l i l i t e r s  
(mls);  LA141 t o  6061 aluminum (anodized) p r o d ~ c e d  69 m l s ,  and 356 aluminum 
c a s t i n g  a l l o y  coupled t o  316 s t a i n l e s s  s t e e l  p r o d u c ~ d  7 m l s .  LA141 u~agnesium 
is  being t e s t e d  i n  d i s t i l l e d  water .  This a l l o y  has produced 11 m l s  of gas 
a f t e r  e i g h t  days of exposure. 

Plans a r e  being formulated t o  conduct t e s t s  on a f u l l  product ion 
u n i t  of t he  ECS i n  an  at tempt  t o  f i n d  the cause s f  the  pressure  bui ld-up t h a t  
has occurred two o r  t h r e e  times on u n i t s  a t  KSC. 

B. Evaluat ion of D i f fus ion  Bonded Tube J o i c t s  f o r  Vs.e i n  the  Environ- 
mental Control  System of t he  Instrument Knit  

Tcbular  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) and s t a i n l e s s  
s t e e l  (300 s e r i e s )  a r e  being eva lba ted  f o r  r e s i s t a n c e  t o  co r ros ion  i n  i n h i b i t e d  
methanollwater s a l u t i o n .  This  type of j o i n t  i s  being considered f o r  use 
i n  t he  Er~vironmental Control System. J o i n t s  a r e  being t e s t e d  wi th  no s u r f a c e  
p r o t e c t i o n  and some have been given an  a lodine  1200 t rea tment .  The j o i n t s  
have no t  been i n  t e s t  long enough t o  provide d e f i n i t i v e  d a t a  a t  t h i s  time. 

C .  I n v e s t i n a t i o n  of F a i l u r e  of an Instrument ;;nit Rel ie f  Valve Sea t  

An Instrument  TJnit r e l i e f  va lve ,  P.N. 800-3-005, had withstood 
s u c c e s s f u l l y  a s e r i e s  of v i b r a t i o n  t e s t s ,  had been removed from the  test 
f i x t u r e  and was being r e t n s t a l l e d  i n  the  f i x t u r e  f o r  pos t  v i b r a t i o n  func t iona l  
t e s t s  when f a i l u r e  occurred i n  the r e l i e f  va lve  s e a t ,  P.N. 800-3-122. The 
2024-T6 aluminum p a r t ,  manufactured by Aerodyne Controls  Corporat ion,  was 
forwarded t o  t h i s  d i v i s i o n  f o r  f a i l u r e  ana lys i s .  The f a i l u r e  r e s u l t e d  f r o a  
bending o r  t o r s i o n  overload.  The des ign  of t he  r e l i e f  va lve  s e a t  permit ted 
an over lap  of the  poppet bore and the  threaded s e c t i o n  reducing the  c ros s  
s e c t i o n a l  a r ea  s u f f i c i e n t l y  t o  preclude ample load ca r ry ing  capac i ty .  No 
evidence of f a t i g u e  was found by f r ac tog raph ic  a n a l y s i s .  A r edes ign  of t h e  
r e l i e f  va lve  s e a t  was recommended. 

V I I I  . Apollo Telescope Mount (ATM) 

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

The purpose of t h i s  p r o j e c t  i s  t o  determine poss ib l e  contamination 
of t h e  o p t i c a l  environment of t he  ATM experiment, both d i r e c t  depos i t i on  
of contaminant m a t e r i a l s  on o p t i c a l  su r f aces  and degrada t ion  of t h e  view 
a r e a  of t he  equipment. 

Evaluat ion of p o t e n t i a l  ma te r i a l s  f o r  use on the  ATM is  continliing. 
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  Mate r i a l s  Property C r i t e r i a  
e s t a b l i s h e d  i n  t he  Mate r i a l s  Management P l an  f o r  ATM contamination. To be 
acceptab le ,  a ma te r i a l  must have a maximum r a t e  of weight l o s s  dur ing  
temperature cyc l ing  from 25O t o  100°C (77O t o  212°F) which does no t  exceed 
0.2 percent  /cm2/hr. 



Six mater ia ls  were evaluated during t h i s  r epor t ing  period. Only 
two of the  mater ia ls  t e s t ed  proved acceptable f o r  use on the ATM. Cat-a-lac 
463-3-8 hea t  cured t o  300°F (149OC), and DuPont polyvinyl f luor ide  380X 
RB113BK. It should be noted t h a t  a l l  of the  o ther  mater ia ls  tes ted  were 
a i r  d r i ed ,  including another sample of Cat-a-lac 463-3-8, which was not  
acceptable.  Numerous i n q u i r i e s  have been received concerning the compati- 
b i l i t y  of s p e c i f i c  mater ia ls  with the  an t i c ipa ted  ATM environment. A l l  
i n q u i r i e s  a r e  being handled with the procedure out l ined i n  the  Materials  
Management Plan. 

B. Inves t iga t ion  of the  Ef fec t s  of Vacuum on ATM P h o t o ~ r a p h i c  Film 

Due t o  the  configurat ion of the  experiments on the  ATM, i t  w i l l  be 
necessary f o r  the  photographic f i lm t o  be exposed t o  the vactzum environment 
of space f o r  an appreciable length of time. Since the  e f f e c t  of prolonged 
vacaum exposure on the  emulsion and backing of the  f i l m  was not  known, a 
b r i e f  t e s t  program was undertaken t o  determine i f  a problem did e x i s t  i n  
t h i s  a rea .  

Two samples each of unexposed Kodak Pan-x and 103-0 were placed 
i n  a vacuum chamber and evacuated t o  10-6 t o r r  a t  ambient temperature f o r  
50 hoars . These samples were then exposed t o  a s tandard Kodak r e f l e c t i o n  
dens i ty  guide and processed a s  recomme2nded by the  manufacturer. Density 
measurements were made on the  f i lms and compared with the  same type of 
f i l m  t h a t  had been exposed and processed i n  the  same manner bu t  had not  been 
exposed t o  a vacuum environment. The dens i ty  of the  Pan-x f i l m  negative 
no t  exposed t o  vacuum was g rea te r  than the  f i l m  negative exposed t o  vacuum. 
The dens i ty  values ranged from 1.6 percent t o  53 percent  g rea te r ,  which 
means t h a t  the  l i g h t  a rea  on a p r i n t  from a Pan-x negative not  exposed t o  
vacuum w i l l  be 1.6 percent l i g h t e r  and the  dark a rea  w i l l  be 53 percent  
l i g h t e r .  Density measurements on 103-0 , f i lm negatives not  exposed t o  vacuum 
were less than the  f i l m  exposed t o  vacuum. These dens i ty  values ranged 
from 1.4 percent  t o  23 percent.  This means t h a t  the  dark a rea  on a p r i n t  
from 103-0 negatives not  exposed t o  vacuum w i l l  be 1.4 percent  darker  and the  
l i g h t  a rea  w i l l  be 23 percent darker .  

C. Evaluation of the  Outgassing Charac te r i s t i c s  of the  ATM Torque 
Motor Sub-Assembly 

A contac t  r i n g  assembly f o r  an ATM torque motor assembly cons i s t ing  
of gold plated contac ts  mounted on a f i b e r g l a s s  laminate r i n g  was t e s t ed  
by mounting the assembly on a heated aluminum p l a t e  13 a vacuum chamber. A 
background scan was made with the  mass spectrometer,  and then the temperature 
of assembly was r a i s e d  t o  100°C i n  s t eps .  Mass scans were made pe r iod ica l ly  
during the heat ing  process t o  determine the  outBas products. The r e s u l t s  
of these runs a r e  being analyzed. 

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

A program is underway t o  evaluate  thermal con t ro l  coat ings f o r  
the  ApoLlo Telescope Mount. A v a r i e t y  of white and black coatings a r e  



being e ~ ~ a l u a t e d  f o r  both outgassing and opt;ia:al performanl.:e. The reqni.sit:e 
black coatings a r e  required t o  have a s o l a r  absorpt:ivity and emiss iv i ty  
of 0.9 o r  g rea te r .  The required white coat ing  m v s t  have an i n i t i a l  s o l a r  
absorp t iv i ty  of 0.2 o r  less, and I t s  absorp t iv i ty  m ~ i s t  not  increase  t o  grsatt!r 
than 0.4 upon exposure t o  approximately 5,000 sun-ho~xrs . The emissl.vity 
of the white coatings m w t  be approximately 0.9. 

The outgassing of four black coat ings ,  i . e . ,  Lowe Brothers No. 47865 
Black Enamel, Midland I n d u s t r i a l  Finishes Company No. L6X958 Dull Black 
Mocobond and No. 3x923 Sicon Black, and Finch Paint  and Chemical Cornparly 
Cat-a-lac F l a t  Black No. 463-3-8, were determined a f t e r  the  coatings had a i r  
dr ied  only. The outgassing of a l l  four pa in ts  was above an acceptable l e v e l .  
The four coatings were then h e a t  cured. The. o p t i c a l  proper t ies  (emissivi ty 
and absorp t iv i ty )  of the  four coatings were measu.rnd a f t e r  the  hea t  cure,  and 
determined t o  be acceptable except f o r  the  emiss iv i ty  of the  No. 3x923 Sicon 
Black, which had degraded t o  an acceptable lev.;l d7,rring curing.  Therefore, 
the  Sicon Black w i l l  not be f u r t h e r  evaltnatc?d. Ck~tgassing of the  outer  th ree  
coatings is  present ly  being determined. 

Samples of Boeing Company B-1060 pa in t  have been obtained and samples 
of IIT Research I n s t i t u t e  S-13G pa in t  have been pr~?pared. These pa in t s  
a r e  present ly  being a i r  d r i ed  p r io r  t o  determination of t h e i r  outgas:sing 
p roper t i e s .  Outgassing of I I T  Research I n s t i t u t e  2-93 pa in t  has been 
determined t o  be s a t i s f a c t o r y .  

A sample of black Tedlar PVF f i lm, iden t i f i ed  a s  380XRB113BK9 was 
obtained from DuPont and evaluated. This f i l m  has an absorp t iv i ty  of 0.92 
and an emiss iv i ty  of 0.84. These values a r e  considered s a t i s f a c t o r y  f o r  
use on the  spar  of the  ATM. This f i l m  was a l s o  evaluated f o r  vacuum csmpati- 
b i l i t y  and is  considered s a t i s f a c t o r y  f o r  ATM usage. An order has been 
placed f o r  200-250 pounds of t h i s  f i lm. This  provides 6000-7000 square f e e t  
of f i l m  which would be adequate f o r  the  ATM program. 

E .  Inves t iga t ion  of Candidate Coolant Fluids f o r  the  ATM Active 
Thermal Control System 

An inves t iga t ion  has been i n i t i a t e d  t o  s e l e c t  a candidate coolant  
f l z i d  f o r  poss ib le  use i n  an a c t i v e  Environmental Control System (ECS) 
f o r  the  ATM. The h e a t  exchange f l u i d s  inves t iga ted  were methanol/water 
i n  various concentrat ions,  Ethylene glycol-water (60/40), "Freon" 21, 
Coolonol 15, various "Freon" e the r s ,  Halocarbon f l u i d s ,  and Hydrotherm 
700-130. These coolant  f l u i d s  were s tudied  on the  b a s i s  of the  following 
physical  and chemical proper t ies :  

1. Freezing,pour, and bo i l ing  points  
2. Operating pressure (pressure versus bo i l ing  po in t )  
3. Density 
4. Viscos i ty  
5. Spec i f i c  heat  
5. Thermal conductivi ty 
7 .  Relat ive pumping power 



8. Flammability c h a r a c t e r i s t i c s  
9 .  Ma te r i a l s  compa t ib i l i t y  

10.  Leakage p o t e n t i a l  
11. L u b r i c i t y  

On the  bas i s  of t h i s  i n t e r im  inves t . iga t ion ,  t h ree  coolant  f l u i d s  , i n  descending 
o rde r  of a p p l i c a b i l i t y ,  have been suggested.  They are a s  fol lows:  

1. "Freon" E l  
2. "Freon" E2 
3 .  Methanollwater (60140) 

However, a d d i t i o n a l  work must be done t o  determine the  compa t ib i l i t y  of t h e  
"Freon" f l u i d s  i n  con tac t  with ma te r i a l s  and t h e i r  r a d i a t i o n  s t a b i l i t y .  The 
o t h e r  coolan t  f l u i d s  a r e  not  considered acceptab le  becaasc they f a i l e d  t o  meet 
one o r  more of t he  necessary c r i t e r i a .  

A t  t h i s  t ime,  "Freon" El  i s  considerad t o  be the b a s t  coolan t  f l u i d  
choice  i n  t h a t  i t  appears t o  meet the acceptance c r i t e r i a  more c l o s e l y  than  
the  o t h e r s .  Based upon d a t a  suppl ied  by E. I. du Pont de Nemours and Company, 
Incorpora ted ,  Freon Products Div is ion ,  Wilmington, Delaware, i t  appears  
t h a t  t h i s  f l u i d  i s  w e l l  s u i t e d  t o  t he  c o n s t r a i n t s  placed on i t  by an ECS 
environment. I ts low pumping power requirements ,  besween water and methanol/ 
water  (60/40),  coupled wi th  a high d e n s i t y  range and low v i s c o s i t y  should 
provide an adequate  convect ive and/or evapora t ive  h e a t  t r a n s f e r  medium. 
While "Freon" E l  has a b d i l i n g  po in t  of 102.2OF which is  below t h e  140°F 
acceptance c r i t e r i a ,  a pressure  of 45 ps i a  w i l l  r a i s e  t h e  b o i l i n g  po in t  t o  
170°F. I n  a d d i t i o n ,  "Freon" E l  i s  repor ted  t o  have e x c e l l e n t  s t a b i l i t y  wi th  
r e s p e c t s  t o  thermal and chemical degrada t ion .  Also, t h e  "Freon" E f fuoro-  
carbons e x h i b i t  a high degree of compa t ib i l i t y  wi th  most p l a s t i c s  and 
e las tomers .  These f l u i d s  were found t o  have a s l i g h t  e f f e c t  on polyvinyl ,  
c e l l u l o s e ,  "Hypalon," and b u t y l  polymers. It has a l s o  been repor ted  t h a t  t h e  
"Freon" E f luorocarbons a r e  moderately good l u b r i c a n t s .  The non-flammability 
and low t o x i c i t y  of these  f l u i d s  commend t h e i r  use from a s a f e t y  s t andpo in t .  

"Freon" E2 i s  a l s o  a poss ib le  candida te ;  7 9- C.'L j : ,  ;.;:3 ;teal: t r a v s f e r  
p r o p e r t i e s  do not  appear t o  be a s  good a s  " P r ~ ~ ~ - s ~ . "  '1,. . ,? :,:,c;-i-4: 0,; t;:e 
d a t a  we have a t  t h i s  t ime, the  "Freon" E2 ~ : t r a > l - ;  7- . ' i I?  L , e o poss ib l e  
choice .  

While methanollwater (60140) was found t o  mert: I *:e acceptance c r i t e r i a ,  
i t  i s  be l ieved  t h a t  t h i s  i s  no t  t he  b e s t  poss ib l e  c h ~ i c e .  Due t o  t he  p o s s i b l e  
long-term ope ra t ion  of the ATM, the  cor ros ion  problem rnay be q u i t e  s eve re .  
Since t h e r e  is  no ATM-ECS i n t e r f a c e  wi th  the  LEM, MaA, o r  S-IVB O r b i t a l  
Workshop, the  use  of flammable f l u i d s  is  not  considered t o  be a c r i t i c a l  
hazard t o  personnel;  however, every poss ib l e  e f f o r t  should be made t o  
e l i m i n a t e  t he  u s e  of flammable f l u i d s  and m a t e r i a l s .  I n  add i t i on ,  when one 
cons iders  t h e  p o s s i b i l i t y  of a system l e a k ,  t he  high v o l a t i l i t y  of methanol/ 
water  w i l l  r e s u l t  i n  a much more r ap id  l o s s  of coolan t  f l u i d  than  i f  a much 
l e s s  v o l a t i l e  h e a t  t r a n s f e r  media were s e l e c t e d .  



I n  order  t o  f u r t k  r subs tan t i a t e  ccr f indings and t o  develop i n  
depth d a t a  on the  sub jec t  coolants ,  s u f f i c i e n t  q u a n t i t i e s  of "Freon" E l  and 
E2 have been ordered on an emergency bas i s  t o  provide f o r  corrosion,  f lnmma- 
b i l i t y  , physical ,  and chemical proper t ies  experiments . 

Due t o  the o r b i t a l  r ad ia t ion  f lux  environment of 3 x 10 lo  e l e c t r o n s /  
cm2/day a t  250 nau t i ca l  miles,  r a d i a t i o n  e f f e c t  experiments w i l l  be run t o  
determine the  s t a b i l i t y  of the  three  candidate coolant  f l u i d s .  

Based upon in£ ormation received from the v a r i  OQZS i n t e r e s t e d  d i v i s  iorls 
wi th in  P&VE, a s  a r e s u l t  of our in ter im r e p o r t ,  "Freon" El  appears t o  be an 
acceptable coolant  f l u i d  f o r  the  ATM-ECS. This program w i l l  continue a s  
mater ia ls  and add i t iona l  da ta  a re  obtained. 

F. Inves t iga t ion  of Possible Contamination on Damage t o  A X  Surfaces 
as a Result  of LM RCS Exhaust Gas Tmpingement 

A l i t e r a t u r e  survey of ava i l ab le  information has been completed 
on the  LM RCS contamination of thermal cont ro l  coat ings and surfaces  on the  
ATM. Based upon t h i s  information, i t  appears t h a t  major damage t o  the  ATM 
thermal con t ro l  surfaces  w i l l  be due primari ly t o  thermal and pressure loading. 
Computer da ta  ind ica te  t h a t  the  thermal environment on the  s o l a r  c e l l  
panels w i l l  vary between 310°F (154°C) t o  80°F (27°C) from an RCS engine 
nozzle cen te r  l i n e  t o  95 percent of the  plume envelope depending on f i r i n g  
dura t ion .  The heat ing  r a t e s  w i l l  vary between 10  ~ t u / f t 2  sec.  t o  0.1 ~ t u / f t 2  
sec .  from plume center  l i n e  t o  95 percent mass boundary depending on f i r i n g  
dura t ion .  The pressure loading can be as  high a s  1.2 l b s / f t 2 .  Based on the  
poss ib le  thermal environment, it does not appear t h a t  presentthermal con t ro l  
coat ings can be used, s h o r t  of a ceramic, unless  some method can be found 
t o  b a f f l e  the  s o l a r  panels o r  r e t r a c t  them during a l t i t u d e  con t ro l  maneuvers. 

From a p a r t i a l  analys is  of the propel lant  r eac t ion  products,  it 
appears t h a t  contamination w i l l  be very s l i g h t .  However, s tud ies  w i l l  be 
required t o  corroborate these da ta  s ince  tramp metal contaminants normally 
found i n  n i t rogen t e t rox ide  (N2O4) and monomethyl hydrazine (MMH) may adhere 
t o  the  con t ro l  surfaces .  

Engine leakage from RCS motors o r  problem from unreacted hypergols 
is  not  expected t o  present  a se r ious  problem since they would be i n  the  
form of i c e  p a r t i c l e s  which would be melted from the  cont ro l  surfaces  dur ing  
RCS opera t  ion. 

A preliminary repor t  w i l l  be w r i t t e n  s h o r t l y  t o  cover t h i s  p a r t  of 
the  inves t iga t ion .  I n  addi t ion ,  an experimental program w i l l  be defined 
t o  r e so lve  some of the poss ib le  contamination problems. 

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

To protec t  moving p a r t s  of the Apollo Telescope Mount lubr i can t s  
w i l l  be required which w i l l  not  break down o r o u t g a s  i n  the  environment 
of outer  space. During t h i s  period t e s t s  were made on number 203 b a l l  



bearings wi th  Salox-M r e t a i n e r s .  Bearings with a 30-pound th ru  t load, 
having MLR-2 coated races  were t e s t ed  under a  vacuum of 3 x t o r r  f o r  
100 hours.  The l u b r i c a t i n g  f i l m  on the  races  wore through during test. 
This  could have resu l t ed  from having no run-in time before t e s t .  Bearings 
with a 30-pound t h r u s t  load,  having MLF-5 coated races  r an  under a  vacuum of 
5 x 10-8 t o r r  f o r  113 hours. These bearings appeared i n  much b e t t e r  condi- 
t i o n  a f t e r  t e s t  than the  bearings t h a t  were not  run-in before t e s t .  Bearings 
wi th  a 30-pound t h r u s t  load, having MLF-5 coated races ,  which were run-in f o r  
1 hour i n  a i r  r a n  under a  vacuum of 7 x 10-8 t o r r  f o r  113 hours. It appears 
t h a t  the  MLF-5 lubr i can t  i s  super ior  t o  the  MLR-2 under these  t e s t  condit ions.  

I X .  Nuclear Ground Tes t  Module 

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

Under con t rac t  NAS8-18024 with General ~ ~ n a m i c s / ~ o r t  Worth (GD/FW), 
da ta  a r e  being co l l ec ted  t o  provide f o r  an evaluat ion  of the  e f f e c t s  of 
r a d i a t i o n  and cryogenic temperature on the  mechanical p roper t i e s  of 
se lec ted  cryogenic insu la t ions ,  adhesives, and vapor b a r r i e r s .  I n  addi t ion ,  
the  s t r u c t u r a l  i n t e g r i t y  of two i n s u l a t i o n  systems w i l l  be determined a f t e r  
exposure t o  acous t i c ,  cryogenic temperature, and r a d i a t i o n  s t r e s s e s .  

Inves t iga t ions  t o  determine the  cause of the  de tonat ions  which occurred 
i n  the  corkboard insu la t ion  on the  cryogenic insu la t ion  t e s t  dewar (CITD) 
during r a d i a t i o n  t e s t i n g  a t  the  General D-mics ramctor f a c i l i t y  i n  
For t  Worth, Texas, a r e  continuing. The contrac tor  has been d i rec ted  t o  
make a d e t a i l e d  t h e o r e t i c a l  study of the  r a d i a t i o n  chemistry of corkboard 
i n s u l a t i o n  i n  order  t o  formulate theor ie s  which w i l l  expla in  the  de tonat ions  
and t o  design and conduct experiments t o  inves t iga te  the  v a l i d i t y  of each 
theory. This s tudy w i l l  include the  foam insu la t ion ,  a l s o ,  t o  p r e d i c t  
whether o r  not  s imi la r  detonations would have occurred i n  the  foam i f  it 
had been i r r a d i a t e d  t o  the  same exposure which the corkboard received.  
To da te ,  the  following two theor ies  have been proposed: 

1. ~ y d r o g e n / O x s e n  - This theory pos tu la tes  t h a t a  detonation 
could have occurred as  the  r e s u l t  of a  r eac t ion  between the  hydrogen 
gas which was produced by the  radiation-induced chemical degradation of 
the  corkboard and oxygen which was ava i l ab le  i n  the  a i r  trapped i n  the  
corkboard. (Theoret ical  ca lcu la t ions  show t h a t  f o r  the  amount of r a d i a t i o n  
which had been absorbed a t  the  time of the  detonation and the  subsequent 
amount of H2 which would have been evolved, a  detonable mixture of H2 and 
02 could have been obtained.)  

2.  Liquid Oxyp.en/~iquid Ozone - According t o  t h i s  theory, a  
detonati.on could have resu l t ed  from the  reac t ion  between the  corkboard 
and the  l i q u i d  ozone t h a t  was produced by the i r r a d i a t i o n  of the  oxygen 
which condensed i n  the  l aye r  of the  corkboard insu la t ion  t h a t  was adjacent  



t o  t he  wa l l  of the  LH2 tank.  Some t e s t i n g  t o  check these  t h e o r i e s  has 
been done in-house and by the  con t r ac to r ,  and f c r t h e r  t e s t s  a r e  planned. 
B r i e f l y ,  t hese  t e s t s ,  i n  which a  mass spectrometer  was used t o  analyze 
the  evolved gases ,  have shown t h a t  a  s i g n i f i c a n t  amount of hydrogen gas 
indeed is  evolved from corkboard when i t  i s  i r r a d i a t e d .  S imi la r  t e s t s  
wi th  foam have shown t h a t  only about one-fourth a s  much H2 is  evolved 
from t h e  foam as  i s  evolved from the corkboard f o r  the  same r a d i a t i o n  
exposure. I n  one in-house t e s t  involving t h e  e l e c t r o n  i r r a d i a t i o n  of 
corkboard, a  de tona t ion  was obtained which resembled the  de tona t ions  t h a t  
occurred dur ing  the  CITD t e s t s .  No such de tona t ions  occurred when t h e  
foam was t e s t e d  under t he  same condi t ions .  LOX compa t ib i l i t y  t e s t s  have 
been made on samples of t he  foam and corkboard. These t e s t s  show t h a t  
the  corkboard is much more s e n s i t i v e  t o  LOX than  is  the  foam. Since it is 
known t h a t  l i q u i d  ozone i s  more r e a c t i v e  than LOX, i t  i s  pos tu la ted  t h a t  
very l i t t l e  energy would have been requi red  t o  o b t a i n  a  r e a c t i o n  between 
the  corkboard and the  l i q u i d  ozone. I n  summary, these  tests have shown 
t h a t  both of the  proposed t h e o r i e s  have some mer i t  and t h a t  f u r t h e r  
i n v e s t i g a t i o n s  a r e  r equ i r ed .  Two a d d i t i o n a l  r e a c t o r  t e s t s  have been 
scheduled.  The f i r s t  run  i s  f o r  the  purpose of eva lua t ing  these  and 
any o the r  t h e o r i e s  which may be forthcoming and w i l l  inc lude  experiments 
with the  two cu r ren t  i n s u l a t i o n  ma te r i a l s  i n  a d d i t i o n  t o  two o t h e r  types 
t o  o b t a i n  d a t a  a t  both ambient and cryogenic temperatures and i n  a i r  and 
i n e r t  gas atmospheres. The second run  i s  f o r  the  purpose of r e p e a t i n g  
the  cryogenic i n s u l a t i o n  t e s t  dewar experiment us ing  the  foam i n s u l a t i o n .  
The succes s fu l  t e s t i n g  of the  i n s u l a t i o n  on t h i s  dewar s i l l  s e rve  a s  a  
q u a l i f i c a t i o n  of the  i n s u l a t i o n  f o r  use i n  the  model tank t e s t s .  

A meeting was he ld  wi th  r e p r e s e n t a t i v e s  of R-ME, R-ASTR, R-P&VE-V, 
R-P&VE-S, and R-P&VE-P t o  review the  model tank r a d i a t i o n  t e s t s .  The 
procurement s t a t u s  of the  var ious  major t e s t  items was d iscussed  i n  
a d d i t i o n  t o  the  scheduling of t he .va r ious  t a sks  r equ i r ed  f o r  t h e  modifi-  
c a t i o n  and ins t rumenta t ion  of t he  t e s t  tank (RIFT 108 inch diameter  t a n k ) .  
The As t r ion ic s  Laboratory w i l l  f u rn i sh  a  capaci tance-type l i q u i d  l e v e l  
gauge f o r  t e s t i n g  and the  con t r ac to r  (under t he  terms of t he  c o n t r a c t )  
w i l l  procure s e v e r a l  a d d i t i o n a l  types of t ransducers  f o r  eva lua t ion .  

I n  co l l abo ra t ion  with the  Propulsion Div is ion  and the  Advanced 
S tud ie s  Of f i ce ,  a  scope of work has been w r i t t e n  and submitted a s  a  modi- 
f i c a t i o n  t o  c o n t r a c t  NAS8-18024 f o r  the  d e t a i l e d  des ign  of an experiment 
t o  provide comprehensive experimental d a t a  on nuc lear  energy depos i t i on  
i n  l i q u i d  hydrogen and the  e f f e c t s  of t h i s  energy depos i t i on  on t h e  thermo- 
dynamic s t a t e  of t he  f l u i d .  Some of the  f a c t o r s  t o  be considered i n  t h e  
des ign  of the  experiment include neutron t o  gamma r a t i o ,  r e a c t o r  power 
l e v e l ,  reac tor - tank  geometry, energy s p e c t r a ,  tank pressure ,  and angular  
d i s t r i b u t i o n  of r a d i a t i o n .  The tank t o  be used f o r  t h i s  experiment is  
a  shortened S-IB 105 inch diamete r LOX tank obtained from the  Michoud 
F a c i l i t y .  It w i l l  be modified and instrumented a t  t h i s  Center and skipped 
t o  the  con t r ac to r  f o r  t e s t i n g .  It i s  d e s i r a b l e  t h a t  t he  modi f ica t ions ,  



instrumentat ion,  and t e s t i n g  of t h i s  tank follow these  operat ions on the 
RIFT tank a s  c lose  a s  possible.  

A preliminary run has been made using the  NAP code t o  p red ic t  the  
a c t i v a t i o n  dose r a t e s  from the model tank assembly a f t e r  r a d i a t i o n  t e s t i n g  
a t  GD/FW. These da ta  w i l l  be compared with experimentally determined 
a c t i v a t i o n  da ta  t o  determine the  accuracy of these  predic t ions .  Currently,  
ca lcu la t ions  of the  NGTM a c t i v a t i o n  dose r a t e s  a r e  being made t o  compare 
with those obtained by R-AS. Spectrographic analyses have been completed 
on samples of 304 and 321 s t a i n l e s s  s t e e l .  Analyses of o ther  a l l o y s  con- 
templated f o r  use on the  NGTM a r e  i n  progress. Because of the  influence 
of t r a c e  q u a n t i t i e s  of z inc  on the a c t i v a t i o n  of 2219 aluminum, ( the  
ma te r i a l  t o  be used i n  the  f a b r i c a t i o n  of the  NGTM tank) the  Aluminum 
Company of America (ALCOA) was contacted t o  a s c e r t a i n  the  lowest l e v e l  
t o  which the  z inc  content  of t h i s  a l l o y  could be cont ro l led  without 
s i g n i f i c a n t l y  increas ing the  c o s t  of the  mater ia l .  Normally, the  amount 
of z inc  present  i n  t h i s  a l l o y  is about 0.06 percent by weight. ALCOA 
s t a t e d  t h a t  f o r  an add i t iona l  10  percent increase i n  cos t ,  it could provide 
t h i s  mater ia l  with a guaranteed maximum of 0.03 percent zinc. I n  terms of 
d o l l a r s ,  t h i s  means t h a t  i t  would cos t  approximately $6,000 more t o  f a b r i c a t e  
an NGTM using the  low z inc  content  2219 a l l o y  than i t  would cos t  using the  
r egu la r  2219 mater ia l .  

The quest ion of the  d e s i r a b i l i t y  of using the  low z inc  content  
ma te r i a l  w i l l  be answered when more d e f i n i t i v e  informatton on the  a c t i v a t i o n  
dose r a t e s  from the  NGTM r e l a t i v e  t o  those from the  test stand and s h i e l d  
becomes ava i l ab le .  

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  cont rac tors  a s  spec i f i ed  a s  follaws: 

A. Polymer Development and Character iza t ion  

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, MAS8-11371, NAS8-20402, NAS8-20406 

C.  Developmental Weldinq 

The Boeing Company, NAS8-20156 



D . Alloy Development 

American Machine and Foundry Company, NAS8-11168 

E. Physical and Mechanical Metallurgy 

1. Aluminum Company of America, NAS8-5452 
2. Battelle Memorial Institute, NAS8-20029 

F. Composite Material Development and Testing 

Mftron, Research and Development Corporation, NAS8-20609 

G. Lubricants and Lubricity 

Midwest Research Institute, NAS8-1540 

H. Corrosion in Aluminum and Steel 

1. Aluminum Company of America, NAS8-20396 
2. National Bureau of Standards, GO-H2151A 
3. Northrop Corporation, NAS8-20333 
4. Tyco Laboratories, Inc., NAS8-20297 
5. Kaiser Aluminum and Chemical Company, NAS8-20285 

I. Explosion Hazards and Sensitivity of Fuels 

Stanford Research Institute, NAS8-20220 

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

1. General Dynamics Corporation, NAS8-18024 
2. Hughes Aircraft Company, NAS8-20210 

K. Instrument Development 

1. Battelle Memorial Institute, EAS8-11891 
2. Canadian Commercial Corporation, NAS8-20529 

11. General - In-House 
A. Development of H i ~ h  Temperature Resistant Polymers 

In the Spring of 1966, the Midwest Research institute prepared 
coatings of the polymer, 

1 Cfl3 CH3 --- 



with and without z inc  oxide, on aluminznm and on ceramic coated s t e e l  f o r  
evaluat ion  of the  o p t i c a l  proper t ies  i n  simulated space environment a t  
t h i s  Center.  The compositions had been cnrad by the  a c t i o n  of two percent 
t-butylperoxybenzoate and one percent stannous octoate  during one hour a t  
135OC (275OF). On a r r i v a l  a t  t h i s  Center the  coatings appeared t o  be 
coherent and the  surfaces  were f i rm and smooth. After  s tanding f o r  about 
nine months ( i n  a succession of three  o r  four l a b o r a t o r i e s )  the surfaces  
of the  coat ings  became s t i c k y  and somewhat rough. On reheat ing ,  the  coatings 
d id  not  harden o r  remain completely coherent.  This i s  now the t h i r d  
observation i n  recent  months of a  s i g n i f i c a n t  change having taken place i n  
the  proper t ies  of r e s i n s  i n  the  polysiloxane s e r i e s  during s torage  i n  a 
labora tory  environment. While the  nature of these decompositions is no t  
understood, i t  should be noted t h a t  the  v a s t  majori ty of commercial and 
experimental polysiloxanes, which contain no obvious impur i t ies  o r  h ighly  
r e a c t i v e  groups, a r e  s t a b l e  t o  the condit ions of s torage .  Further  s tudy 
of t h i s  e f f e c t  is indica ted .  

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

The reac t ion  of (PNC12)4 with N-methylaniline was re inves t iga ted  
i n  hopes t h a t  a  resonance s t a b i l i z e d  t e t r a - subs t i tu ted  de r iva t ive  could be 
obtained which would lend i t s e l f  t o  f a r t h e r  r eac t ion  with Grignard type 
reagents  t o  form a l k y l l a r y l  subs t i tu ted  products.  Treatment of phosphoni t r i l ic  
chlor ide  tetramer with excess N-methylaniline i n  r e f lux ing  cyclohexane 
gave an uncrys ta l l i zab le  o i l  which was used d i r e c t l y  i n  the  next s t e p  without 
any at tempt a t  p u r i f i c a t i o n .  The in f ra red  spectrum of the o i l  was cons i s t en t  
with the  expected product. 

The o i l  was dissolved i n  toluene and t r ea ted  with a s l i g h t  excess 
of a  3-molar s o l u t i o n  of phenylmagnesium bramide. The r e s u l t i n g  s o l u t i o n  
was heated t o  r e f l u x  and maintained a t  t h i s  temperature f o r  e i g h t  hours 
during which time the  separa t ion  of s o l i d  occurred. The reac t ion  mixture 
was hydrolyzed with a sa tu ra ted  so lu t ion  of ammonium chlor ide  and the  
separated organic phase was processed i n  t h e  usual  manner. The r e s u l t i n g  
product was an o i l  whose in f ra red  spectrum showed no p-fl absorpt ion  band 
a t  1440 cm-' ind ica t ing  t h a t  the  des i red  type of r i n g  s u b s t i t u t i o n  had not 
taken place.  

Further  s tud ies  were then s h i f t e d  t o  the  r eac t ion  of (PNC12)4 
with s u b s t i t u t e d  phenols t o  give non-geminally s u b s t i t u t e d  de r iva t ives .  
p-tert-Butylphenol was prepared from the  Friedel-Crafts  r eac t ion  of phenol 
and t e r t - b u t y l  alcohol  and converted t o  the  corresponding sodium s a l t  
v i a  me ta l l i c  sodium. The s a l t  was d r i ed  i n  vacuo a t  60°@/20 t o r r  over- - 
n i e h t  ~ r i o r  t o  use. The sodium s a l t  was dissolved i n  hot  tetrahydrafuran 
(TGF), ind the  s o l u t i o n  was t r ea ted  i n  separa te  port ions with tetramer 
( s a l t  t o  tetramer,  1:0.125), 



The weight of r e ~ o v e r e d  aa l  t i nd ica t ed  t h a t  approximately 0.15 mole 
of sodium-p- t e r t -bu  tylphanolare  had r eac t ed  biith t he  te t ramer .  This  
corresponds t o  s i x  equ iva l en t s  of t h e  phenolate  arid i n d i c a t e s  t h a t  some 
geminal s u b s t i t u t i o n  occurred i n  a d d i t i o n  t o  t he  a n t i c i p a t e d  non-geminal 
s u b s t i t u t i o n .  The produr t  was i s o l a t e d  a s  of f -co lored  s o l i d  which was 
r e c r y s t a l l i z e d  from petroleum e t h e r  as white  c r y s t a l s ,  having a mel t ing  
range of 177"-181°C (351"-358°F). Elemental a n a l y s i s  f o r  c h l o r i n e  w i l l  be 
obtained i n  order  t o  determine t h e  degree of srsbs t i t ~ t i o n .  

C. Lubr icant  Development and E v a l a a t i r 2  

A major l u b r i c a t i o n  problem t o d q  concerns %ow tpmperature 
1::bricants f o r  use i n  a cryogenic t fn~ i r snmen t .  A t e s t  apparatus  has  been 
designed and f a b r i c a t e d  fr~r e v a l c a t i n g  g r sa scs  from C50°F t o  -100°F (10°C 
t o  -73"C), The breakaway eorqcs and the r e l a x a t i o n  torque can be measured 
accu ra t e ly  a t  any s p e c i f i c  temperature i n  t h i s  tsmperatalre range.  During 
t h i s  per iod  t e s t s  were run  on a ~ h a p m a n / ~ h r y s l a r  pr~ocessed o i l  and on 
Halocarbon 11-21E o i l .  Because s f  the co r ros ive  e f f e c t  of t he  Halocarbon 
11-21E l u b r i c a n t  which is  p re sen t ly  used i n  the  bear ings  of LOX t r a n s f e r  
system pr,:mps a t  the John F. Kennedy Space c:~xteaf,this Chrys le r  processed 
o i l  i s  being considered a s  a poss ib le  e a b s t i t u t e .  The r e s u l t s  of one 
t e s t  on each o i l  i nd i ca t ed  t h a t  t h e  Chrysler  o i l  has  about t h e  same low 
temperature p r o p e r t i e s  a s  t h e  Halocarbon o i l .  A breakaway torque of approxi- 
mately 500 gm cms was measured a t  -80°F (-62°C) and approximately 4.0 gm 
cms a t  +40°F (4°C) f o r  both o i l s .  Both l u b r i c a n t s  appear t o  be good down t o  
approximately -40°F (-40°C). Tes t ing  is  ~:sntin.ring on both l u b r i c a n t s .  

D. a i n g  va r ious  L i g h t  
Weight Metals 

F ive  magnesium laminate  composites were d i f f u ~ i o n  bonded du r ing  t h i s  
r e p o r t i n g  perfod.  The f i r s t  experiment consj.s",led of prodzocing a d i f f u s i o n  
bonded lapshear  j o i n t .  The specimens were chemically cleaned and sub jec t ed  
t o  a temperature of 900°F (482°C) and a pressure  of 10,000 p s i  f o r  t h r e e  
hoara.  Lapshcar specimens c a t  from the  composite f a i l e d  outboard of t he  
l a p  j o i n t ,  thus prec lcd ing  the  es tab l i shment  of the  shear  s t r e n g t h .  The 
peel  t e s t  was no t  s a t i s f a c t o r y .  The rnxt sample was bonded a t  a h igher  
temperature (930°F (499°C)) and a pressure  of 10,000 p s i ;  however, t h i s  
time a t i t an ium modular f i lament  s h e e t  was sandwiched between two magnesium 
s h e e t s  (AZ31B). Some deformation of t h e  f i lament  s h e e t  and excess ive  
l a t e r a l  flow of the  matr ix ma te r i a l  was noted.  I n  this Ins tance ,  t he  pee l  
s t r e n g t h  was much g r e a t e r  than  the  previecs  t e a t .  Three subsequent expe r i -  
mental laminates  were f a b r i c a t e d .  In t he se  in s t ances  t h e  ind iv idua l  magnesium 
s h e e t s  were chemical ly cleaned and then mechanically brushed before  bonding 
was attempted. Very good i n t e r f a c e  bonding was achieved by us ing  t h i s  
method of oxide removal. Other d i f f u s i o n  bonding experiments included 
:onding a l t e r n a t e  l a y e r s  of t i t a n h a  azd alnminum, and a s i l i c o n  ca rb ide  
+. lLske:- rei--.forced ~lcqinum corn posit^. 



E .  Ln~es t iga t io r?  of S t ress  Corrosion Chrs_raeteriwtics of Various Alloys 

Test ing has continv.ed i n  the  stafdy s f  the  corraaive e f f e c t s  of the  
l o c a l  atmosphere on s p e c i m e ~ s  of 7039-T61 and -T64 altrminum al loy.  During t h i s  
r epor t  period, a specimen f a b r i c a t ~ d  from 7039-T61 f a i l e d  a f t e r  408 days 
expossre i n  the  l o c a l  atmosphere. A l l  three  of these specimens have now 
f a i l e d  i n  t h i s  envfronme.?t. The f a i l u r e  t i m e s  were 57 391, and 408 days. 
These specimens we= s t ressed  t o  20 k s i  i n  the  short t ransverse  g ra in  
d i rec t ion .  

An inves t iga t ion  was cndcrtaken to evalrrats the s t r e s s  corrosion 
s c s c e p t i b i l i t y  of al.*minum vehic le  s.ompov.ent,s under semi-controlled condit ions.  
Bare and chromic ae  id  ansd ized rotrnd t:?m i l e  apesime:zs of 2014-T6, 2024-T4, 
7075-T6, and 7079-T651 were s t ressed  i n  the  shor t  t racsverse  g ra in  d i r e c t i o n  
t o  75 percent of t h e i r  y ie ld  s t r eng ths ,  Three bare vn.prote~ted and three  
anodized specimen8 of each a l loy  are being exposed t o  i n s i d e  and outs ide  
atmospheres. Fa i l a rcs  t o  da te  have bcen confined t o  specimens exposed t o  
the  outs ide  environment. A l l  three  bare 7079-T651 specimens f a i l e d  i n  e i g h t  
days and two anodized specimens made from t h i s  a l l o y  f a i l e d  i n  21 and 30 
days. Two of three  bare 2014-T6 apecimena a l a s  f a i l e d  i n  21 and 30 days, 
A l l  specimens have bcen i n  test fo r  40 days, 

Specimens of aluminum a l loys  X2021 and X7007 were s t r essed  i n  
a l l  three  g ra in  d i rec t ions  and exposed i n  the  alternate immersion tester 
and the  l o c a l  atmosphere. Both a l l o y s  were fomd t o  be qunsceptible i n  
the  a l t e r n a t e  immersion t e s t e r  as  previously reported.  Tes ts  i n  the  
atmosphere have been i n  progress f o r  15  months, and the  only f a i l u r e  
encountered was with specimens made from X7007mT6E136 s t ressed  i n  the  
s h o r t  t ransverse  d i rec t ion .  Fai lures  i n  these specimens have occurred 
a t  loads a s  low a s  10 k s i .  

Because af the  excessive amwant of general  surface  corrosion 
encountered i n  s t r e s s  corrosion t e s t i n g  of aluminum-esppsr a l loys  i n  
3.5 percent sodium chloride,  a more s u i t a b l e  t e s t  medium f o r  the a l t e r n a t e  
immersion t e s t e r  is being inves t igated .  Synthetic sea water appeared 
very promising based on preliminary t e s t s .  A much broader test program 
has been cndertaken involving threshold s t r e s s  l eve l s  in a l l  th ree  g ra in  
d i rec t ions  of the  following a l loys :  2014-T6; 2017-T6; 20244351, -T851, -T4, 
and -T6; 2219-T37, -T87, and -T62; 7095-T6, and 7079-T651. The specimens 
have been exposed t o  syn the t i c  sea water f o r  64 daya, and the  test  w i l l  be 
terminated a t  the  end of 90 days. 

Studies have continued i n t o  the  s t r e s s  corrosion s u s c e p t i b i l i t y  of 
Ti-6A1-4V a l l o y  exposed t o  various fllaide. 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 absolute methanol. Specimens t h a t  had not  f a i l e d  
i n  methanol containing 0.25 and 0.50 percent of water f o r  176 days f a i l e d  
i n  one and. two days a f t e r  the addi t ion  of 0.013 grams of sodium chlor ide  
(10 ppm Cl) .  Specimens exposed t o  methanol containing 3.0 percent water 
fo r  176 days have not f a i l e d  a f t e r  the addi t ion  of 0.039 grams of sodium 
chioride (30 ppm Cl) .  These specimens have been exposed t o  the  chlor ide  
fbur days .  



Additic.:al spc..-,ime:r~.zi t o  t-ial-:a t? i-he str<:.ss a.o;rroaion r e s i s t a n c e  
of  NAA, General Ele:t:riz, and Aers Q:,ip type rtzti.rJss:-; s t e 3 l  f i t t i n g s  
welded arid brazed t o  321 a t a i c l e : s a  sts.51 t-:.biag h a w  fic:cn exposed i n  the  

~ r ~ s .  These a.lt.ernate immersion t e s t e r  f o r  56 days  wiZh~,x+- a;.-y Eaif..-.c, 
fit.ti:.gs wi 11 be exposed f o r  180 days. 

Tes ts  a r e  being con t iwed  t o  ewalcate the stress corrosion sxscept i -  
b i l i t y  of Almar 362, 15-7PH, 17-4PN, and FH14-8Eas ( a i r  and vasnznm melt)  
s t a i r , l e s s  s t e e l s .  Alloy 15-7PH was £0-2nd to 5c rcocapt ib le  t o  s t r e s s  corro-  
s ion  i n  a l l  three  g r a i n  d i rec t ions  as reported in a previous progress 
r e p o r t .  The only o ther  f a i l u r e s  eactmntered have been threaded-end specimens 
of 19-4PH a l l o y  stressed i n  the  t r e a w e r s e  g r a i 2  d i r z c t i o ?  t o  100 p e r m a t  
of the  y i e l d  stre-rgth (183 k s i )  which f a i l e d  i n  SO t o  90 days. The t e s t  
has b e e l  i n  progress 164 days. 

The stxdy of the  stress corros ion a v ~ e e p t i b i l i t y  of H-11 is continuing. 
The only change i n  the  t e a t  rcsu1t.s since the l a s t  r e p o r t  i s  one f a i l u r e  of 
a base longi tudinal  specimen s t r e s sed  t o  90 percent of the  y ie ld  s t r e n g t h  
i n  141 days of expoaxre t o  the  l o c a l  atmosphere. The a l t e r n a t e  immersion 
amd atmospheric t e g t s  have been i n  progress f i v e  months. 

Arde law s i l i c o n  301 s ta i .n less  steel,  cryogenical ly s t r e t ched  
t o  nominal 240 k s f ,  is being studied f o r  s t r e s s  corros ion s u s c e p t i b i l i t y  
i n  the  aged (20 hours a t  790°F (421°C) i n  a i r )  and anaged condit ions.  
The specimens were paseivated according t o  an Arde s p e c i f i c a t i o n  (AE8354 
s o l u t i o n  A ) .  Longitudinal specimens s t r e s sed  t o  75 percent of the  yield 
s t r eng th  (unaged 184 k s i  and aged 196 k e i )  a r e  being exposed i n  the  a l t e r n a t e  
immersion t e s t e r .  There have been no f a i l u r e s  i n  67 days of exposure. 

Specimens of 21-6-9 s t a i n l e s s  s t e e l  sens i t i zed  and unsens i t ized  
(1250°F (677°C)) fo r  obe hour, a i r  sosled] a r e  being s tudied  f o r  stress 
egrros ion sc . scep t ib i l i ty .  F l a t ,  roand threaded-end, and 6-r ing specimens, 
s t r e s s e d  t o  75 and 100 pepcent of the  respect ive  y ie ld  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 a s t e r .  No 
f a i l u r e s  have been encountered a f t e r  35 days of exposure. 

F . Developmental Weldinq 

St?sdies have contin-:ed i n  the der termi~at isn  of mechsabcel p roper t i e s  
of e l e c t r o n  beam weldments i n  1 /8  inch th ick  sheets  s f  aluminum a l l o y s  
2014-T6 and 2219-T87 have continued. The weldment q u a l i t y  of both a l l q s  
was a f fec ted  by pre-weld j o i n t  sc r face  preparat ion,  a s  indica ted  by the  
r e s u l t a n t  mechanical proper t ies .  Weldments prepared with a pre-weld j o i n t  
surface  preparat ion of e i t h e r  chemical cleaning o r  mechanical su r face  
scraping with a sharp t r i angu la r  hard s t e e l  too l  displayed s t r eng th  l e v e l s  
5 t o  10 k s i  (10 to 20 percent)  g rea te r  than weldments prepared from 
mate r i a l  i n  the  as-reseived condit ion with no pse-weld j o i n t  surface  
preparat ion.  Whereas, weldments of both a l l o y s  prepared by the  pre-weld 
j o i n t  surface wire brushing displayed s t r eng th  l e v e l s  less favorable than 
:kase QI weldments prepared from mater ia l  I n  the as-received condit ion.  



Macroscopi..: examination of t he  frat : t : i re  ~ i i r f a c e  of t h e  .weldments revea led  
an i n t e r m i t t e n t  l a c k  of f u e ~ i o n  i n  t..:e lower 1 / 2  of t he  weld bead. I n  some 
ca.ses, heavy po ros i t y  was evident.  i n  t h e  same a r e a .  The presence of t h i s  
p o r o s i t y  was a t t r i b u t e d  t o  t he  sr i r face cond i t i on  of t h e  back-up bar  used i n  
making the  weldment., as  wel l  a s  t he  pre-weld Joiri t  :;urface cond i t i on .  Also, 
some l a c k  of f u s i o n  was ev ident  i n  the weldment~ t h a t  d i sp layed  t h e  most favora-  
b l e  s t r e n g t h  l t v e l s .  A t  pre:Gent., e f f o r t s  are bei.ng made t o  determine t h e  cause 
o r  causes  of t h i s  l.ack of fu .s ion,  These e f f o r t s  w i l l  inc lude  beam p u l s a t i o n  
and beam o s c i l l a t i o n  welding tec.hniqr:.ea Re wel l  a s  v a r i a t i o n s  of o t h e r  welding 
parameters .  

,- ~ h e  i ; - e  of polymeric foam:~,  both c losed  and open c e l l  types ,  f o r  
high vo l t age  i n s u l z t i o n  of spac.a c r a f t  components has  been quest ioned.  The i r  
e.ase ,3f fabr i* :a t ian ,  a b i l i t y  t o  flow i n t o  small  spaces ,  and l i g h t  weight may 
be o f f s e t  by u n d ~ . s i r a b l e  oti tgaasing e f f e c t s  as wel.1 sw thermal s t a b i l i t y  i n  
vacuum. Thi.2 p r o j  2::t 15, dtts igned t o  C~t . - : rmi . r , e  h igh ,voltage bre,akd.uwn 
behavior  .sf pol.ycre thane f >am ,c~ld.sr t he  combined ef f~!i:t:a of vactlurn, 
tempflra t~:rr: ,  ar:d time under pre-breakdc,wn e?.ect . r ical  Y t r e s s .  

T ~ 3 t  specimens have been procured end t e s t s  have been made t o  determine 
the  temperature  p r o f i l e  of t h e  specimen <?ince high vo l t age  w i l l  p rec lude  t h e  
use  of an a c t i v e  thermcs~ouple du r ing  a c t u a l  t es ta .  

RP-1 usad as t he  hyd rau l i c  f l c i d  i n  the  3-:TIC s t a g e  produces a n  
e l e c t r o s t a t i c  charge d;ue t o  i t s  d ie leckr i r :  nwt..~re and i t s  h igh  v e l o c i t y  o f  
flow. Stzrdies a r e  cont inu ing  t o  determine t h e  b a s i c  eonduct ion mechanism 
of R3-1 -di th  and w i t h a i t  a n t i - s t a t i c  a d d i t i v e s ,  'In prepa ra t i on  f o r  making 
d i p o l e  mr>rncnt meas.iiremetit.-: 01 R;;-1 i t  wad n e ~ e : w a r y  t o  c a l i b r a t e  t h e  d ipo lmeter .  
Th i s  was arcsmpfiahed u ~ i n g  spet~:imens s f  spectrogxaphie  grade syclshexane,  
carbon t e t r a c h l o r i d e  and benzene, f o r  which t h e  d i p o l e  moments a r e  w e l l  known. 
The. rnaximjm e r r o r  noted i n  these  e:alibr;atio;..,~ was 00.03 perccent, and i n d i c a t e s  
t h e  extreme acccrracy t.hat may be a t t a i c e d  wi th  t h i s  instrument .  However, 
m?ich of t he  a.i:.:yurzr:y i~: a l . r s  d e p ~ s d e n t  upon the  c a r e  which i n  exe rc i s ed  
i n  prepar ing  2nd .;lti.ani.r;g the  r e - t  (,:ell and the  test spec:imen. 

H .  ~~ve10prnc.nt  i'uf *To?d~ ~ t f f f ; , x i v e  l ~ - r c ~ i q  i6.q f o r  E ~ a l r e t f n g  Ma te r i a l s  
arid :.amponG:nt e ."-- *. 

Stre;sr* c ~ ~ . r ~ ; + i o n  cravking of high s t r+.ngth a l l o y s  is a  major problem 
i n  the  aern,i;pace ind.:;.stry w d  with  several Saturn  lcomponents i n  p a r t i c u l a r .  
A c . u r r e n t  in -ha : ;~~?  program involve~s t h e  no?destr::i:ti.r/~ measzrement of changes 
i n  m a t e r i a l  p r o p e r t i e s  ca~:.sed b;. s trrins ~.o-t.rosion. 

Electromagnet ic  and u l t r a s s n f c  meas~rernsjnCs have been made. on 2219-:C31 
and 22?9-T81 al:3minum apecimenr- - ~ h i c h  pre-r%e-.:?ly hsd been s t r e s s e d  t o  75 
per,..:c.nt of the y i e l d  s t r e n g t h  and  objected t o  a l t e r n a t e  immersion i n  s a l t  
watt?r Ecr .varic:.:.s l engths  of time. 80th. types of measurements showed 



ir.crp.4~ ir,g da:g~ac!a t i o n  with in,;.:r:;.r..> ing t i.mc of ;.,.xp,?scire Ht3wtjver) t he re  
wa.5 not  enough di f feeenc: . .  betw:?.n ~ 1 1 . : :  :l;pel;ime:n;; C.:XPL":-'C~ t o  I-:orrosi.on only 
3p.d tho$?. e.xpo:=.c:d t o  StPi;:s,~ and ~:or'rc.:.sion, I n  fz: torc  t e s t s ,  2219 specimene 
w i l l  be expobed t . i~  a ;5fm?~lat .~:d se:* z.i\.ast. rn.vi.rnn.mr".nt, L e s s  of t he  purely 
r . l . ; : . ~ t r ~ - ~ ~ : h e m i ; a l  type o f  c.orrosinn i:~. rxp~e:.;cted t.o sli.r::;lr i n  t h i s  case .  

A l t e rna t e  inunarsisn of metal i n  a ~ a l t  so1:tion and i n  a i r  i s  an  
e f f e c t i v e  means of ob ta in ing  r ap id  st re:^:^ ~POK.CQ!.;~OII  ~ r a ~ k i n g ;  however, i t  
1:; n o t  r e a l i s t i c .  Therefore., s e v e r a l  spec:fmc:n ha-qe bees1 s t r e s s e d  t o  75 
pe;r:ent o f  the. y i e l d  s t ren ,g th  and expcsed t o  the  l o c a l  ensf.ronment. I n i t i a l  
e.Lr::tri.cal ~.:ond~.~.:ti.i'ity me(asr2rements wore medc: and, recorded.  These con- 
d-;.zt-ivity m o a s ; , r ~ ~ m . :  . ~ t L 1 1  be rep~?a , tcd  at: srn~:-w6e,k i n t e r v a l s  u n t i l  c racking  
c>.:.i:-j.rS. Xo r:hen.ge i n  t he  econdcctivity of the;:se spes:imens has occurred t o  d a t e .  

Stre:- = CDZITPF i c n  r:tl:l\qi~:- inso2rizkg Ti-6AI -2T mate-rial  have been 
i n i t i a r ; . ~ d .  The-" ax-; prrEirninrlry te ; t :~  dk;igned t o  determine the  f c a v f b i l i t y  
of nondes zrt,t:tiweTy dc tect ~ n g  ,s-ltr;.z-- c.orrolsion "damage" i n  t i t an ium.  

Ti-6.41-i;i apecim2nr; have been s t r e s s e d  and exposed t o  methyl alclohol 
sever:dl weeks. Two ~ t . r c s a c d  r;xpecim.e;ns and an uns t ressed  sample were removed 
from t he  a1:~ohsl a£ t e r  f i v e ,  n ine ,  fmrrteen, and nfneteen days exposure. 
Sw.b&eq-dent e l & : . - t r i m 1  c:s:.d~:ctfvit:y and n;iltri?sonie s7:rface wave menszrameats 
d id  no t  ind i1:ate arty sf.g~:.i..f.E.~::asit proper l .y  ehaag;:~.~ i n  the  titardcnm. The 
remaining specimens w i . 1 1  be exposed t o  the  co r ros ive  eiALvironment f o r  s e v e r a l  
a d d i t i o n a l  weeks o r  u n t i l  c racking  occla*.a befon:e any more measurements a r e  made. 
No crack& haye o~~c,.ur.scd t o  date. 

I)c.ring the r epo r t ing  period el~-.~::t::~i~:a'P eandac t fv i ty  me.ssanrements 
-were made on s i n g l e  cry;. ,  t:aZ.s of an organf seemi-csnd.:,i;: ehrysene (Cl2HI8) . 
The s i n g l e  c rys  t .als ,  which w l c . : ~  obt.ai.ned from s,rl t ~ . r a  t:ed sol?; t ions,  range 
from appraximateiy 2 t o  5 mlllfmeitesr.; an a s i d e  arid have thicknesses of 100 
t o  250 mi,.:.rons. 'The condacti .~sify meas:~7ren~ierptB ar0: being made perpendicular  
t o  the  ab plane of the ~rystallr-:  and o-;%r a temperctu.re range of 4 5 O F  t o  12S°F 
(7 ' 2  t o  52'n:). The5.e mca:$:-urernent.s are being made i n  o rde r  t o  o b t a i n  molecular 
e2.t i va t ion  ene-rgy from a pL?t ef th.2 rat~:..=aB. I.ogarla.hm of [.he conduet.fvity .as 
a f~:xr::i=.n of 10-3 /~ ,whe~c?  T i=. temperature in dt-~gse~:.?:: Kelvin. A guard s i n g  
is being empLoyaa t - 1  eli.mi.r.at:.:t :-..:~.Fz.~,:cJ GKPY:<,,:::~:$. $:ram the: mcas~~rement .  A 
l i s t i n g  of the  d5t .a  .will be g.f%+..rn is: th.: rtexl: r epwr t .  Also i t  is ant.f(c.:ipated 
t h a t  phot.ocond;.i.iti-siey me~a;~.:rrements -dil l .  be rr~ad.~? &;ring the r e p o r t i n g  period.  

3 .  Dcvcloprn+.nt and F.ldl.lafi_ii.icf-'ight~ei~ht ( ! F P ' B ~ ~ C  Foam;: 

F f f o r t  3 havr-. ~ o n t  i n ~ " ? d  t 6 dc l o p  Pi9h:h:"s~ Sght 1,eramie foams. Sodfum 
F ili1:ate:- of ~ r a r f  o,;~ ssdi~zm [oxide ; s i l f  ,;on aiciax~de jfnta20: Si02)  r a t i o s  a r e  
be j  xg evaltia ted with rc:spci~t t o  t h e i r  fonm2~g choral,- t e r i ~ t i c ~ .  Sodium s f  Licat 6,- 
having 3s302:5i02 r a t i o s  rangi-.g frarn B .2,90 ti! 1 : 3.?5 hdv@ been i n v e s t i g a t e d .  



The g e n ~ r i l  prn:edure f o r  prodrrcing the fo~rrt..' L:- t o  pour t h e  bodium r i l i c a t e  
i n t o  an alrlminum f o i l  pan and p1ar.e Lhr*~ p3n f : l t  10 a ~ :  mien preheated t o  177-188°:' 
(350-370°F). Foaming and d r y i n g  i s  c nnrpPc f e d  i n  approximately 5 hours .  The 
d e n s i t y  of t he se  fosms w a r i r v q  w i t h  the  MapO:SiO2 r a t l o ,  ranging  from 6.5 l b a / f t  3 

f o r  Na20rSi02 r a t i o  of 1 :2 ,90  t o  14.8 l b b / f r J  f t ~ r  w Ya20:SiO2 r a t i o  of 1:3.75. 
Fore s t r i ; ~ . t u r @  vcas les  i n  the  foamed body, with the bottom p o r t i o n  con ta in ing  
somewhat smal le r  pr:lres t h s n  the t op  por t ion .  However, i t  is be l ieved  t h a t  t h e  
pore str-i:ttrr@ can be c o n t r o l l e d  by cse of a d d i t i v e s  t o  i n h i b i t  t h e  foaming 
a; t  i on  o r  by restui e tirag t he  volrame of the  foam p rod~c f ld  from a given q u a n t i t y  
of sodium s i l i c a t e .  

I n  t he  a r e a  sf pho:spbate bonded ceramic foams, l i gh twe igh t  raw 
m a t e r i a l s  a r c  b r i n g  i n v e s t i g a t e d  i n  an e f f c r t  t o  produce low d e n s i t y  foams. 
P r e i ~ n t l y ,  a ser ies  of f ~ s m ~  can ta in ing  F i b e r f r s x  f i b e r s ,  calcium s i l i c a t e ,  and 
s i l i ~ 3  a3 t h e  mat r ix  mater ia l , , ,  mo~-xln;rnin:nm phor~phatrr, as t he  b inde r ,  and calcit~rrr 
i arbonate  a- t h e  foaming a.g~-.nt_ a r s  being i n s c s t i g a t e d ,  The d e n s i t y  of the 

3 foam:. e.bai.-a:".d t o  d a t e  r s r i g ~ d  frsm 1 2  t o  14 l b s / f t  . Tome of the foams 
e x h i b i t e d  good pore s t r u i : t u ~ e  and moderate s t r ~ : n g t h ,  

K .  px ;menta t ion  Review 

The fo l lowing  ~ p c ( ~ : i  f i c a t  ion->,  documentn, o r  r e p o r t s  were reviewed, 
and comments were forwarded, w h ~ r a  apl,:ropriaLs, to rg:>ponsfble &s,,ifPi$uals 
o r  o rgan iza t ions :  

1. 60C66001 - llPsoccdu.cres f o r  Cleaning and Pa in t ing  Engine 
Servoac t u a t o r s  , P/N 60C66001 orr Sa turn  Vehicles"  

2 .  MA0616-016B Amend. MTP-1, X",er:h 22,  1967, "Clean Packaging 
Requirement; f o r  Sa'.a;rn S-PI L i q ~ ~ f d  and Gaseous Oxygen System Components" 

3 .  MAO11P-015E A I I L ~ D ~ .  MD-1,  March 22,  1967, "Clean Packaging 
R e q ~ i r e m e n t s  and Pro~:edures." 

5-~rseys of t he  p e ~ t i n e n t  1 i t e r a t u r e  have been i n i t i a t e d  a s  are 
con t inu ing  on the fol lowing s u b j e c t s :  

Radia t ion  ef f i ~ c t s  on engi reer fng  materinlss 
Pa9;num e f fee t s  on sngir,eoring r n a t ~ r i a l  s 

. Lubr ican ts  and l u b r i c i t y  
4 .  High and low temperature r e s i s t a n t  polymers 
5. S t r e s s  co r ros ion  on s t r . ? c t c r a l  a l l o y s .  

A 
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I. Radiography 

One h9,ndred and e igh t  y-f ive misseilsar,co-,-,s p a r t  r , . omponenc? , and test 
s p c  -.imcns were in5pect.d by radiographi . :  techniq:.cs d j r i n g  t h i a  r e p o r t  
period . 
l . 7' . Photography 

Engineering photagraphy 
Met a l lography  and f rac togr+phy 
Miscellanea-7 p h o t ~ g r a p h y ,  

p r o c ~ s s i n g ,  ;.;pywork, e t l . ,  

3.11. Mt. t a l l q~ rg i~  a 1  arid M e t a i i a g r s p h f  : I e s t i ~  g A?-d f. ..-P. iztisrt 

A.  Fourteen ?039 aluminum tor-.I,.? t ank  weldments were eva lua ted  m e t a l l u r g i -  
c a l l y .  These specimens were s e l e c t e d  t o  compare the as  welded cond i t i on  
w i t h  one t o  f i v e  weld r e p a i r s ,  Both i n i t i a l  and r e p a i r  welding was done w i t h  
X5180 f i l l e r  wi re .  Two ternsile sp:?.::i.mens, n-nmbers 118 and 146 were examined 
a l so . .  Specimen 118, r e p a i r e d  four  t imes,  had an  u l t i m t e  atrengt .h  of  38,800 
p s i  and 2 percent  e longa t ion ,  The o the r  wpelzimen, r e p a i r e d  f i v e  t imes had 
an  u l t i m a t e  s t r e n g t h  of 47,800 p ? i  acd 6 perc:ent e longa t ion ;  y i e l d  s t r e n g t h  
was 29,500 p s i  f c r  both specimem3. 7-'re met.~Elogr;aphfc st.q.idiee d i d  n o t  r e v e a l  
a  reasonable  exp lana t ion  f o r  t he  low st rengkh and  longa at ion of specimen 118. 
Although the  hardness  of specimen 146 increased  from the  f o u r t h  t o  f i f t h  weld 
r e p a i r ,  no p l a ~ s i b l e  c?xplarr.ation was fozznd t o  a$,:@omnt f o r  the i nc rease  i n  
e longa t ion .  No d e f e ~ t s  were fo:.,ad i n  a6 wcld:?d cr r e p a i r  welded s e c t i o n s  of 
t he  70.39 a1;:mimim a l l o y ,  

B .  Fai l -? . re  a ,ns iys i s  was c80rupl:~.t@:d s f  a  type  316 ~ . b . a i n l e s s  s teel  r y p t u r e  
di:...: t h a t  f a i l e d  du r ing  LOX loading  i.n prepara t . i sn  f o r  a. s t a t ' i e  f i r i n g  a t  
M i s s i s s i p p i  T e s t  F a c i l i t y  (MTF) . :,he 8 i rch  diwnatc2r dl:;:: had been useti i n  
t he  vent systems on a LOX barge a.t MTF f o r  the  par+t t w o  yea r s .  A review of 
s e r v i c e  records  by MTF personnel irdi2at . t .3  tha t  a prtS:szzre sp ike  of 105 p e i g  
was experienced;  the  d i . 5 ~ .  was r a t e d  a t  64 phc:f.g at 70°F (2P0~:;). No m e t a l l u r g i -  
c a l  i r r : . g ~ l a r i t i e a  were fo.md t h a t  wn:lld hh-.d,::4 P : w . ! , : . Y . ~  the  f a i l u r e .  The fra:ct.:ri-' 
a t  t he  probable f a i l c r e  i c i t i a t i o n .  s i t e  wa;, .;orrr:ewhat. b r i t t l e  i n  nature; howr.vr.. f., 
no t.viden::.e of corrstsi  on o r  f a t  i g ~ c  was dkt~:~ctc?d by f:sc:i:t.~graphir.: m(ethods . 



IV. Spectrographic Analyses 

Two h ~ n d r e d  ninety-two dete.rminatio~*..s w P s e  made on twenty-two samples 
and ninety-two standard determination? were made. 

V .  Inf rared  Analyses 

Thirty-seven q u a l i t a t i v e  analyses were mda by in f ra red  techniques on 
a v a r i e t y  of mater ia ls  including meta l l i c  oxfdes, experimental polyurethane 
formulat ions,  fluorocarbons, black pa in t s ,  and breathing l i n e  contamination. 

Qvent i ta t ive  analyses,  f o r  t o t e r  hydrocarbon content, were made on specimens 
of ac t iva ted  charcoal and swabs from LOX pump s e a l  ~ * a v i t i a s  on H - 1  engines. 

L'I. Chemical Analyses 

Polyxrethane synthesis  components f o r  
ihocyans t e  content  
h y d ~ o x y l  content  
nf + roger. content 
carbon content  

3-D foam f o r  
carbon 
hydrogen 
ni t rogen 
g lass  

Cured Lefkoweld 109 f o r  
carbon 
hydrogen 
n i  t r sgen 

Cured Narmco s e a l a n t  7343 f o r  
carbon 
hydrogen 
ni t rogen 

Experimental polymers f o r  
carbon 
hydrogen 
f luor  i ne 

Gas samples f o r  
n i t rogen 
oxygen 
argon 
carbon dioxide 
hydrogen 

Compressed a i r  breathing samples for  
moisture 
carbon monoxide 
ne t h m e  
e t h e r @  



a,e ty lene  
n i t rogen  
oxygen 
argon 
carbon d ioxide  

Coctamination from engine f o r  
water  
d i s so lved  s o l i d s  
isopropanol  

V I I .  P h y ~ i c s  Chemical Acalyses 

l?ensi ty of 
RP-1 f s e l  
raured Lcfkawald 109 
ccred Earmco s e a l a n t  7343 

Boi l ing  poin t  of methanol-water mixture 
Freezing poin t  of methanol-water m i x k r e  
Flash poin t  s f  methanol-water mixt-:re 
Mo1e~:~:lar weight of polyurethane syn thes i s  comporents 
Re f rac t ive  index of polycsethane syn thes i s  cornponezits 
Surface t ens ion  of polyurethane syn thes i s  components 
Heat of combustion of 

cured Lefkoweld 109 
ccred Nasmco s e a l a n t  7343 

VIII . Rubber and P l a s t i c s  

Items - 
molded and extruded 
cemented 
coated 
f a b r i c a t e d  

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

cleaned 
anodized 
p l a t ed  
penet ran t  inspected H - 1 1  s t e a l  b o l t s  

X .  Development Shop Production 

A .  A t o t a l  of 6,875 man-hours, d i r e c t  l abo r ,  was u t i l i z e d  dur ing  t h i s  
per iod f o r  machining, f a b r i c a t i n g ,  and welding. 



R .  Two thousand three  hundred a.nd fc9rt.y-nine man.-hours, approximately 
th i r ty - four  percent of the  t o t a l  man-hours, were devoted t o  productive e f f o r t  
of a non-routine nature  and applied. t o  the  work orders l i s t e d  below. 

1. Six-inch iX Camera Assembly 

Changes i n  e l e c t r i c a l  wiring a r e  i n  process on the  six-inch 
i"t' camera assembly. 

2.  X-ray Astronomy Assembly 

The X-ray astronomy assembly is approxi.mately 70 percent complete. 

T e l e S c ~ p i n g  S k i r t  Assembly f o r  5-2 Enping 

The telescoping s k i r t  assembly for the J-2 engine has been 
completed and t e s  fed,  

4. LHe-LH2 Cryostat  

A redesign was reqlsired on the  l i q ~ l t d  helixm-liquid hydrogen 
c r y o s t a t  and t h i s  redesign is  p a r t i a l l y  complete. 

5. LH2 Tank Out le t  Seal ing Device 

The l i q u i d  hydrogen tank o u t l e t  sea l ing  device has been 
completed and del ivered.  

6.  Pressure Vacuum Furnace Assembly 

The pressure vacuum furnace assembly is approximately 50 percent  
complete. 

7. LOX Impact Tes ter  

Approximately f ~ r t y  hours add i t iona l  labor a r e  needed t o  complete 
assembly of the  LOX impact t e s t e r  and prepare far t e s t i n g .  

8. Cryopenic Tes t  Tank Assembly 

Fabr ica t ion  of the  cryogenic t e s t  tank assembly is  approximately 
40 percent  complete. 

9 .  I ce  Calorimeter Stand and Sxpport 

Fabr ica t ion  of the  i c e  calorimeter  s tand and support i s  50 
percent complete. 

LO. Spherical  and Rol ler  Bearing Components 

Design work has been completed i n  experimental spher i ca l  and 
r o l l e r  Fearing coaponents f o r  the ATM arid f a b r i c a t i o n  of these  items has 
st;;r?:ec! 



X I .  Miscellaneous 

A ,  One thousand and seventy items of al-zmiwzm a l l o y ,  three  items of 
t i tanium a l l o y ,  and three  items of s t a i n l e s s  s t e e l  were hea t  t r ea ted  dzri-:g 
t h i s  r epor t  period. 

B. Fifty-two determinations of emiss iv i ty  were made draring t h i s  r e p o r t  
period . 

C. Nineteen determinations of ref lae tanc* were made during t h i s  r e p o r t  
per id. 

D. Sixty  f i v e  chromatographic analyses were made during t h i s  r e p o r t  period. 

E. Seventeen m i s c e l l a n e o ~ s  mater ia ls  were t e s t ed  f o r  s e n s i t i v i t y  i n  
cont.sct with l i q a i d  oxygen i n  accordance with MSPC-SPEC-106B. 

Lovoy, C .  V . :  The Inflcence of F i l l e r  Wire and Specimen Width on the 
Trans-ferse Weldment Mechanical Proper t ies  of Aluminum Alloy 2014-T6, IE-FGvE- 
M-67-3, May 17, 1967. 



GEORGE C. MARSHALL SPACE FLTGHT CENTER 

MONTHLY PROGRESS REPORT 

VEHICLE SYSTEMS DIVISION 

(May 1, 1967, throuph May 31, 1967) 

SATURN I B  

I. General 

A. Launch Mission (LM) Rules 

n a t a  f o r  t he  SA-2041LM-1 Launch Mission Rules was t ransmi t ted  
through t h e  l abo ra to ry  P r o j e c t s  Off ice  t o  Yiss ion  Operat ions Of f i ce ,  
I n d u s t r i a l  Operat ions,  f o r  i n c l u s i o n  i n  t h e  f i n a l  SA-204/LM-1 Launch 
Mission Rules document f o r  pub l i ca t i on  a t  Kennedy Space Center  (KSC). 

R. Weight S t a t u s  Report 

The d e t a i l  weight s t a t u s  r epo r t  f o r  t he  Saturn I B  o p e r a t i o n a l  launch 
v e h i c l e  was completed and d i s t r i b u t e d .  

C .  P r ed i c t ed  Mass C h a r a c t e r i s t i c s  

The pre l iminary  p red i c t ed  mass c h a r a c t e r i s t i c s ,  guidance c u t o f f ,  
f o r  AS-204/LM-1 con f igu ra t i on  were completed and d i s t r i b u t e d .  

P r o ~ r a m  S p e c i f i c a t i o n  

SA-205 through SA-211 Launch Vehicle Program S p e c i f i c a t i o n  addenda 
were reworked t o  conform with the  new mission assignments.  

SATURN v 

I. S-IC Stage 

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

Revis ion C of t he  i n t e g r a t i o n  tes t  requirements and s p e c i f i c a t i o n s  
f o r  t h e  S-IC pneumatic checkout racks (phase I )  and the  S-IC forward 
umbi l ica l  s e r v i c e  u n i t  (phase I) ( f o r  use on mobile launcher  No. 1)  were 
accepted f o r  r e l ea se .  

5 1  



73. Umbilicals 

1. Tes t ing  of the  a f t  u m b i l i c a l / t a i l  s e r v i c e  mast (TSM) systems 
3-4 and 1-2 wi th  the  new KSC R J - 1  r e t u r n  l i n e  and r e d e s i ~ n e d  lox  dome 
purge l i n e  was completed May 19, 1967, a t  the  MSFC t e s t  f a c i l i t y .  Purpose 
of the  t e s t s  was t o  v e r i f y  t h a t  adequate umbil ical  r e t r a c t  could be obtain-  
ed with the  s t i f f  l i n e s  i n s t a l l e d  i n  t h e  TSM's p r i o r  t o  i n s t a l l a t i o n  of 
the  l i n e s  a t  KSC f o r  SA-501 launch. 

2 .  A problem was encountered a t  KSC i n  evacuat ing and maintain- 
ing t he  requi red  micron l e v e l  i n  t he  upper l ox  l i n e  vacuum jacket  of 
the i n t e r t a n k  umbi l ica l  reconnect assembly (h.5R80192-1). A l l  a t tempts  
t o  d e t e c t  and i s o l a t e  any leakage i n  the  vacuum jacke t  have f a i l e d .  The 
d i f f i c u l t y  appeared t o  r e s u l t  from evaporat ion of moisture accumulated 
i n  t he  jacke t .  KSC i s  eva lua t ing  t h i s  problem. Recommendation has been 
made t o  the  Saturn V P r o ~ r a m  Off ice  t h a t  an i n t e r t a n k  umbi l ica l  reconnect 
assembly a t  Yichoud Assembly F a c i l i t y  (MAF) be updated t o  support SA-501 
i n  t h e  event  a new u n i t  i s  required.  

3. A r e t r o f i t  k i t  f o r  incorpora t ion  of Engineering Change Proposal  
(ECP) 212 was de l ive red  t o  KSC on Yay 17, 1967. This  FCP provided a 
redundant switch f o r  t he  i n t e r t a n k  umbi l ica l  t o  i n d i c a t e  r e t r a c t  accomplished. 
The change was requested by KSC and is  considered mandatory f o r  SA-501. 

4. TRC was i ssued  a Configurat ion Control  Roard (CCR) d i r e c t i v e  
t o  i nco rpora t e  ECP 211C. The FCP w i l l  be incorporated f o r  SA-501 and 
inc ludes  the  follow in^ changes: 

Provide new lock p in  and lock p in  bracke t  t o  e l imina te  
hydrogen emhri t t lement . 
Add 90' swivel  elbow t o  lox  l i n e  purge system t o  e l i m i n a t e  
i n t e r f e rence .  

Rework lock mechanisms t o  reduce cor ros ion .  

C.  ASA-3 Additfve f o r  R J - 1  

As a r e s u l t  of tests performed by Mate r i a l s  Div is ion  on Engineering 
Change Request (ECR) an I n t e r f a c e  Revision Notice (TRN) t o  13M5009fi was 
prepared and r e l eased  reques t ing  t h a t  t he  ASA-3 a n t i s t a t i c  add i t i ve  i n  t he  
R J - 1  hyd rau l i c  f l u i d  he increased  from 3 ?.p.m. t o  6 t o  10 p.p.m. This  i s  
necessary t o    re vent the  bui ldup of s t a t i c  e l e c t r i c i t y  i n  the  f l u i d .  A 
memorandum r e f l e c t i n g  t h i s  c h a n ~ e  has been prepared and i s  be ing  held pending 
approval of the  I R N  by the  CCB. 



11. S-IT S tage  

A. S e r v i c i n g  Requirements  

An agreement was reached r e g a r d i n g  t h e  method t o  be used t o  a s s u r e  
removal of r e s i d u a l  l o x  from t h e  5-11 a i r b o r n e  f i l l  and d r a i n  l i n e .  Consid- 
e r g t i o n  was o r i g i n a l l y  given t o  t h e  use  of an i n t e r l o c k ;  however, t h i s  was 
determined t o  be  i n f e a s i b l e .  ' Instead of an i n t e r l o c k ,  n measurement w f l l  h e  
p rov ided  i n  t h e  1-inch d r a i n  l i n e  t o  moni to r  t h e  t empera tu re  i n c r e a s e  and 
hence a s s u r e  complete removal of t h e  r e s i d u a l  lox .  T h l s  pa ramete r  w i l l  
n o t  he  r e d l i n e d  d u r i n a  countdown demons t ra t ion  t e s t  (CDTIT) b u t  w i l l  h e  
monitored t o  v a l i d a t e  t h e  r e s u l t s  of t h e  KSC s t u d i e s  which i n d i c a t e d  a  
purge t ime of 67 t o  I 1 1  scconds.  A d e c i s i o n  w i l l  be made on t h e  need f o r  
a  launch countdown r e d l i n e  fo l lowing  an e v a l u a t i o n  of t h e  CnDT d a t a .  

3. S-IT Prelaunch Sequence, I n t e r l o c k s ,  and Redl ines  Drawing 

The d i v i s i o n  completed a  review of t h e  l a t e s t  r e v i s i o n  t o  t h e  S-TI 
p re launch  sequence,  i n t e r l o c k s ,  and r e d l i n e s  drawing   re pared by North 
American A v i a t i o n  (NAA) f o r  i n c l u s i o n  i n  t h e  S-IT s t a g e  t e s t  s p e c i f i c a t i o n s  
and c r i t e r i a  document. The review i n d i c a t e d  most of t h e  e a r l i e r  comments 
had heen i n c o r p o r a t e d  by YAA and t h a t  t h e  drawing was peneral  l y  complete 
and a c c u r a t e .  The S-TI S t a g e  Manager's O f f i c e  was n o t i f i e d  t h a t  t h e  
documents were a c c e p t a b l e .  

C .  Acceptance T e s t s  

Acceptance t e s t s  were completed on t h e  f o l l o w i n g  S-IT s t a g e  equipment: 

Tdeak d e t e c t o r  p r o p e l l a n t  tank and i n s u l a t i o n ,  models C7-55, 
C7-56, and C7-57. 

1,H3 p r o p e l l a n t  coup l ing  A7-64, u n i t  9. 

Lox p r o p e l l a n t  c o u p l i n ~  A7-6.5, u n i t  9 .  

I n s u l a t i o n  purge conso le  model S7-45, s e c t i o n  C .  

I I T .  Ins t rument  U n i t  ('IU) 

A. General  T e s t  P r o ~ r a m  

1. KPC 500-1Q impact s t u d y  on t h e  S a t u r n  l R / V  ITJ, d a t e d  February 28 ,  
1967, ( T n t e r n a t i o n a l  Business  Machfnes (IRY) number 67-257-00Q2, MSFC number 
1-1-103-5) was reviewed and accepted wi thou t  change. 

2 .  The p r e l i m i n a r y  AS-502 t e s t  Drogram s p e c i f i c a t i o n s  f o r  S a t u r n  V 
Launch Computer Complex, I R M  document number 67-F11-0003, d a t e d  March 1 7 ,  1967, 
was accep ted .  



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

The updated r ev i s ion  A of t he  i n t e g r a t i o n  t e s t  requirements and 
s p e c i f i c a t i o n s  f o r  I I J  around cool ing  subsystem checkout l o c a l  c o n t r o l  f o r  
FiI, 1 incorpora ted  c o r r e c t i o n s  and r ev i sed  f l u i d  requirements.  The document 
was accepted. 

C .  Umbil icals  

The LH2 and lox  f i l l  and d r a i n  c o u p l i n ~ s ,  s e r i a l  numbers (S/N's) 
9 ,  and modi f ica t ion  k . i t s  f o r  t he  1-inch H2/02 d isconnec ts  were de l ive red  
t o  KSC f o r  SA-501 launch. D e t a i l  procedures f o r  i n s t a l l a t i o n  and checkout 
were included wi th  the  modi f ica t ion  k i t s .  

I V .  General 

A.  C r i t i c a l .  Component and I n s t a l l a t i o n  Q u a l i f i c a t i o n  S t a t u s  L i s t s  

1. L i S t s  of c r i t i c a l  components, component mounting i n s t a l l a t i o n s  
o r  b r acke t ry ,  and t h e  q u a l i f i c a t i o n  t e s t i n g  s t a t u s  of t he  components and 
b racke t s  a r e  being prepared f o r  S-IVR and S-IC s t ages .  A s i m i l a r  l i s t  
was completed f o r  t h e  S-IT s tage .  

2. The AS-501 c r i - t i c a l  component l i s t i n e  was updated and w i l l  
be s e n t  t o  t he  l abo ra to ry  P r o j e c t s  Off ice .  

R .  Sa fe ty  and Arming (S&A) Device 

An informal  Douglas A i r c r a f t  Company (DAC) r e p o r t  on the  S-TT 
i n s t a l l a t i o n  t e s t  r e s u l t s  f o r  t h e  S&A device was reviewed. Comments were 
made which requested more observa t ions  a l o n ~  with an ECP f o r  r en l ac ing  
i n e r t  checkout u n i t s .  

C .  Contingency Payload Modif icat ions 

1. Drawing SK10-9436, AS-501 Contingency Payload Modi f ica t ions ,  
was f i n i s h e d  and de l ive red  t o  M a n u f a c t u r i n ~  E n g i n e e t i n ~  Laboratory and t o  
t he  l abo ra to ry  P r o j e c t s  Of f i ce  on May 15 ,  1967. The drawing de f ines  t h e  
i n s  t a l l a t i o n  of a  tower j e t t i s o n  system and t h e  H20 f i l l  and d r a i n  system 
t o  t he  AS-501 b o i l e r p l a t e  spacec ra f t .  

2 .  Rracketry d e t a i l s  f o r  cab le  suppor t  and f o r  f i l l ,  d r a i n ,  and 
ven t  system support  were included. 



D. S t a ~ e  Ordnance Component F l i g h t  C e r t i f i c a t i o n  

C e r t i f i c a t e  of component q u a l i f i c a t i o n  s h e e t s  f o r  t h e  l i n e a r  shaped 
charge,  l o x  tank ,  and S&A device were prepared f o r  S-IVB-501 v e h i c l e  and 
submit ted t o  t h e  l abo ra to ry  P r o j e c t s  Off ice .  

The SDA f o r  t h e  damper arm system (YSFC drawing 10M30762) was 
publ ished.  The fol lowing conclusions were made a f t e r  cons ide ra t i on  of 
t he  ana lys i s :  

Any component f a i l u r e  e f f e c t  which can lead  t o  s t r u c t u r a l  d a m a ~ e  
t o  t h e  l.aunch escape system (LES) tower must be monitored regard-  
less of i t s  c r i t i c a l i t y .  

E f f e c t i v e  implementation of a  continuous monitor ing of t he  damper 
arm damp in^ c y l i n d e r  p re s su re  and c y l i n d e r  p o s i t i o n  t o  a s su re  
t h a t  excess ive  fo rces  a r e  n o t  t r ansmi t t ed  t o  t he  veh ic l e  wi thout  
discovery w i l l  e l i m i n a t e  a l l  category A i tems.  (A continuous 
monitor ing system i s  now under i nves t i ga t ion . )  

F. I-Tazardolls Gas Analyzer (HM) 

1. The f i n a l  acceptance t e s t i n g  of t h e  f i r s t  FCA u n i t  was 
s a t i s f a c t o r i l y  completed. Chrys le r  Corporat ion Space Div is ion  (CCSn) 
r e l ea sed  t h i s  u n i t  f o r  shipment t o  KSC. 

2 .  Modif icat ion for t he  second HCA u n i t  by CCSD i s  complete and 
p repa ra t i ons  a r e  underway t o  perform the  acceptance t e s t s .  

1. An i n v e s t i   ati ion was completed t o  determine manclatory r equ l r e -  
rnents f o r  t he  s i n g l e  sideband (SSR) te lemet ry  channels  i n  t h e  S-IC and S-XT 
s t a r e s  of the  AS-501 vehi-cle. A s  a r e s u l t  of the i n v e s t i g a t i o n ,  d i scovery  
was made t h a t  v i b r a t i o n  and acous t i c s  measurements a r e  d? spersed t h r o u ~ h o u t  
t he  two channels involved on each s taEe t o  such an e x t e n t  t h a t  t he  l o s s  of 
e i t h e r  channel on e i t h e r  s t a g e  would leave  l a r g e  vo ids  i.n t h e  d a t a  ob ta ined .  
Since one of t he  primary mission o b j e c t i v e s  f o r  SA-501 i s  t o  demonstrate 
s t r u c t u r a l  i n t e g r i t y  of t h e  launch v e h i c l e  throuqhout nowered and coas t i ng  
f l i g h t ,  i t  was determined t h a t  both channels must be ca tepor ized  a s  mandatorv 
f o r  t he  f l i g h t  phase of t he  mission.  



2 .  Th i s  d i v i s i o n  completed p r e p a r a t i o n  of i n i t i a l  i n p u t  d a t a  
s u b m i t t a l  f o r  t h e  AS-502 launch miss ion  r u l e s .  T h i s  d a t a  was t r a n s m i t t e d  
t o  I n d u s t r i a l  Opera t ions  (10) through t h e  l a b o r a t o r y  p r o j e c t  e n g i n e e r  
f o r  i n c l u s i o n  i n  t h e  AS-502 Launch bl iss ion Rules  document t o  be  p u b l i s h e d  
by KSC. 

H. Damper System 

1. The S a t u r n  V damper sys tem t e s t  ~ l a n  on WA-2 was r e v i s e d .  

2 .  During t e s t s  on t h e  ML-7, e x c e s s i v e  l eakage  was evidenced 
around p i s t o n s  on t h e  redundant  system. The des ign  a c t i v i t y  i s  c o r r e c t i n g  
t h i s  problem by changing p i s t o n  s e a l s .  

I. Technica l  C h e c k l i s t  

The S a t u r n  V Technica l  C h e c k l i s t ,  r e v i s i o n  10 ,  was completed and 
d i s t r i b u t e d .  

3 .  Ordnance Systems Manual 

The SA-503 and SA-504 S a t u r n  V Ordnance Systems Manual was up- 
d a t e d  and d i s t r i b u t e d .  

K. Weight S t a t u s  Report  

The monthly we igh t  s t a t u s  r e p o r t  f o r  launch v e h i c l e s  SA-501 
through SA-506 and t h e  launch escape  svstem (LES) was completed and 
d i s  t r i h u t e d .  

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

S a t u r n  V/AS-501 S-IVB s t a g e  mass c h a r a c t e r i s t i c s  r e f l e c t i n g  an 
open o r o p e l l a n t  u t i l i z a t i o n  (PU) v a l v e  r e s t a r t  ( d e p l e t i o n  c u t o f f )  were 
completed and d i s t r i b u t e d .  

ADVANCED TECHNOLOGY 

1. Systems Design 

A. Nuclear  Ground T e s t  Module (NCTM) 

1. The s t u d i e s  of t h e  eng ine  chi l ldown l i n e  geometry were 
completed.  The s t u d i e s  inc luded  e n ~ i n e  g imbal l ing  d u r i n g  ambient 
c o n d i t i o n s  w i t h  an empty p r o p e l l a n t  t ank  and w i t h  a  3-inch upward 
d e f l e c t i o n  t o  a l low f o r  eng ine  t h r u s t .  A way t o  mount t h e  chi l ldown 
l i n e  t o  t h e  f a c i l i t v  and eng ine  w i t h o u t  a t t a c h i n p  t o  t h e  s taRe was 
d e f i n e d .  



2 .  The folloibfinr!  motion s t u d y  drawings were n reparcd  t o  d e f i n e  
t h e  problems a s s o c i a t e d  w i t h  t h e  ground t e s t  p e c u l i a r  engine chi l ldown l i n e :  

SK10-9459, " C e n t e r l i n e  Motion Studv, Enqine Chilldown Line ,  
NGTM Layout Yo. I.." 

SK10-9560, " C e n t e r l i n e  Motion Study,  Engine Chilldown L i n e ,  
NGTF? Layout Xo. 2." 

SK.10-9561, " C e n t e r l i n e  Motion Study,  Ene,ine Chilldown L i n e ,  
NCTM t a v o u t  No. 3." 

3 .  C o n c e ~ t t ~ a l  l a v o u t s  were completed on a  new sump and t h r u s t  
s t r u c t u r a l  c o n f i ~ u r a t i o n .  T h i s  l a y o u t  d e f i n e d  t h e  sumn c o n f i g u r a t i o n ,  pre-  
v a l v e  l o c a t i o n ,  and hc l lows ,  and proposed t h a t  t h e  gimbal sys tem h e  a p a r t  
of t h e  enp ine .  The a c t u a t o r s  w i l l  be mounted on t h e  s t a g e  s i d e  as w e l l  a s  
t h e  screw jacks  t h a t  a t t a c h  t h e  eng ine  t o  t h e  s t a g e .  

4. Layout s t u d i e s  a r e  b e i n p  made f o r  r o u t i n g  f l u i d  s e r v i c e s  and 
e l e c t r i c a l  l i n e s  i n  t h e  a f t  s k i r t - e n ~ i n e  a r e a .  T h l s  r o u t i n g  i s  p r o v i n g  t o  
be a problem a r e a  due t o  l i m i t e d  a v a i l a b l e  space  and i n c r e a s i n g  number o f  
l i n e s .  

R. S a t u r n  V Payload 

1. The fo l lowing  t a s k s  were completed: 

I n i t i a l ,  and r e v i s e d ,  miss ion  c o n f i g u r a t i o n  l a y o u t  f o r  
Voyager payload (SKI 0-7394) . 
Inboard p r o f i l e  l a y o u t s  f o r  bo th  s o l i d  and l i q u i d  p r o p u l s i o n  
concep t s  (SKl0-7395). 

I d e n t i f i c a t i o n  of a c c e s s  requ i rements  f o r  s e r v i c i n ~  and 
s t a c k i n g .  

P r e l i m i n a r v  s p a c e c r a f t  and f l i g h t  c a p s u l e  p h y s i c a l  i n t e r f a c e  
c o n t r o l  drawing- 

2. A s t u d y  was completed which d e f i n e d  t h e  h a n d l i n g  requ i rements  
f o r  t h e  Vovaeer p l a n e t a r y  v e h i c l e .  

3. A stowage and deployment scheme l a y o u t  f o r  t h e  h i g h  ga in  a n t e n n a  
was genera ted .  Th is  r e s u l t e d  from new s i z e  requ i rements  f o r  t h e  an tenna  
which c a l l  f o r  t h e  maximum p o s s i b l e  s i z e .  



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

1. The follow in^ MDA layouts  were completed: 

SKlO-9466, "x-ray Sensor IJnit (S(116) Locat ion Proposal ."  

SK10-9431, "Nuclear Emulsion S-009, Experiment Package 
I n t e r n a l  Mounting Provision." 

SK10-9426, SKl.0-9438, SK10-9458, and SKln-9464, "Experiment 
Mounting Pane ls  ." 
SK1.O-9463, "Four Pole  Concept f o r  Mobil i ty  Aids MDA." 

SKI 0-9429, "Typical Hard Mounted ~ x p e r i m e n t  ," and SK10-9430, 
"Typical Ouick Release Mounting Assembly. 11 

2 .  A l ayout  i s  being prepared t o  r e f l e c t  a l l~~~l~vindows,  handl ing  
and a u x i l i a r y  equipment (HbAE), mob i l i t y  a i d s ,  and experiment ven t s  i n  
t he  forward con ica l  s e c t i o n  of t h e  MDA. This  w i l l  he incorpora ted  i n t o  
SK10-9317. 

3. The MDA s t r u c t u r a l  requirements t o  support  t h e  upper ?-IDA 
experiment handl ing  and h o i s t i n g  equipment were determined. These r equ i r e -  
ments were reques ted  t o  be  added t o  t h e  s t r u c t u r a l  assembly documentation. 

4 .  Conceptual design of t h e  H&AE i s  i n  process .  This  concentual  
des ign  w i l l  be used t o  prepare t h e  d e t a i l  design.  A d e t a i l  1.ayout has  been 
prepared which d e f i n e s  t he  r e l a t i o n s h i p  of t h e  H&AE a t t a c h  p o i n t s  i n  t h e  
con ica l  p o r t i o n  of t h e  JQA t o  t h e  o p t i c a l  windows and s t r u c t u r e .  

5 .  The e x i s t i n g  handl ing and access  equipment t h a t  can be  used 
t o  s a t i s f y  t h e  handl ing  and access  requirements of t h e  MDA was documented. 

6 .  A pre l iminary  schedule  and t h e  man-hour requirements  f o r  t h e  
design of the  access  v la t forms  and component handl ing equipment (excludinp, 
t he  handl ing  f i x t u r e s )  f o r  t h e  MDA were completed. 

7. The fol lowing Y'DA mockup documents were completed: 

Design of t he  MDA n e u t r a l  buoyancy mockup. Pre l iminary  p r i n t s  
of t h e  unsigned mockup drawing w i l l  he de l ive red  f o r  Manned 
S ~ a c e c r a f t  Cen te r ' s  (YSC's) review and comments. 

Vod i f i ca t i on  t o  t h e  Air lock Module (AM) forward compartment 
n e u t r a l  buoyancy mockup t o  inc lude  t h e  Vcnonnell A i r c r a f t  
Companp S t r u c t u r a l  T r a n s i t i o n  Sec t ion  (STS). 



The hard mockup of the  McDonnell A i r c r a f t  Company STS 
s t r u c t u r e  . 
A drawing of t he  workshop f an  assembly n e u t r a l  buoyancv 
mockup. 

8. A mockup was designed f o r  t h e  i n t e r i o r  of t h e  M ) A  which 
de f ines  t h e  space envelopes requi red  f o r  a l l  protuberances and experiments.  
A l l  experiment packages i n  t h i s  mockup were designed t o  be compatible 
wi th  t he  O r b i t a l  Workshop mockup mounting p r i v i s i  ons . 

9. The f i r s t  two l eve l  "A" phys i ca l  'ICD's f o r  the  MDA were 
prepared and submitted t o  the  chairman of t he  Apollo Appl ica t ions  Program 
(AAP) Yechanical Panel f o r  s i g n a t u r e  bv MSC and MSFC. 

D.  Apol.10 Telescope Mount (ATP?) 

1. ATM l ayout  drawings SK10-7266, "ATM Proposa l ,  MSFC Rack," 
and SKlQ-7328, "Experiment Package Subassembly," a r e  be ing  r ev i sed  t o  
de f ine  a l l  "A" l e v e l  i n t e r f a c e  a r ea s  and envelopes of a l l  major components. 

2 .  A t e s t  p lan  f o r  t h e  ATM equipment i s  being prepared.  

3. Three con f igu ra t i on  layouts  were completed which proposed 
l o c a t i o n s  of s o l i d  p r o p e l l a n t  rocke t  motors on the  S-IVR s t age .  These 
motors would be i p n i t e d  a f t e r  t he  5-2 engine cu to f f  and an approximate 
40-minute coas t  pe r iod  t o  i nc rease  t he  payload c a p a b i l i t v  of t h e  AAP-2 
and AAP-4 missions.  The 3-2 engine burn of the  S-TVB staRe would p l ace  
the  payload i n t o  an 81 x 260 n a u t i c a l  mile  e l l i p t i c a l  t r a j e c t o r y .  The 
s o l i d  motors would f i r e  a t  t h e  260-mile apogee and c i r c u l a r i z e  t h e  payload 
i n  t h a t  a t t i t u d e .  

4 .  The design of v i b r a t i o n  dummy "black boxes" a s  r equ i r ed  on 
t h e  A s t r i o n i c s  Dummy Component Equipment L i s t  50M73477 i s  i n  process .  

5. H&AE requirements f o r  t ho  ATM program were updated based on 
the  information a v a i l  ab l e  on the  p r o j e c t  and p r o j e c t  components. 

E. O r b i t a l  Workshop 

1. S t a t u s  of t h e  quick r e l e a s e  manhole cover p r o j e c t  i s  a s  fol lows:  

The Mcnonnell D o u ~ l a s  Corporation t e s t  f i x t u r e  f o r  LH2 t e s t i n g  
was de l ive red  t o  Tes t  Zahoratorv. The quick r e l e a s e  manhole 
cover  was instrumented and i n s t a l l e d  on the  t e s t  f i x t u r e .  The 
t e s t  f i x t u r e  i s  be ing  instrumented and i n s t a l l e d  i n  t h e  t e s t  
se tup  . 



The t e s t  procedure  f o r  tu rnbuck le  t o r q u e ,  l eakape ,  v i b r a t i o n ,  
and shock t e s t i n g  was approved. 

An i n t e r f a c e  d e f i n i t i o n  drawing, S-IVB h a t c h / A ~  Root,  ST(10-9471, 
was p repared  and forwarded t o  McDonnell A i r c r a f t  and DAC f o r  
t h e i r  review. These companies were r e q u e s t e d  t o  p r o v i d e  
comments on o r  b e f o r e  June 4 ,  1967. 

T I .  Systems Opera t ion  

A. O r b i t a l  Vaintenance Concept P l a n  f o r  S-IVR IJorksho_p 

1. An o r b i t a l  maintenance concept  p l a n  f o r  t h e  S-JVR O r b i t a l  
Workshon miss ion  was p repared  f o r  t h e  P r e l i m i n a r y  Design Review. The 
p l a n  i n c l u d e d  a ~ e n e r a l  d i s c u s s i o n  of t h e  need f o r  t h e  c c n s i d e r a t i o n  o f  
p o s s i b l e  maintenance a c t i v i t i e s  d u r i n g  t h e  o r b i t a l  miss ion .  A b a s i c  
assumption was made t h a t  i n - f l i g h t  maintenance i s  complementary t o  
component redundancy i n  r e l i a b i l i t y  and t h a t  i n - f l i g h t  maintenance 
performed by t h e  crew can h r i d p e  t h e  gap between t h e  r e q u i r e d  and achieved 
r e l i a h i  l i t y  of t h e  workshop miss ion ,  t h e r e b y ,  i n c r e a s i n g  t h e  p r o b a b i l i t y  
of s u c c e s s .  

2 .  A genera l  a p ~ r o a c h  f o r  t h e  d e v e l o ~ m e n t  of a maintenance p l a n  
was d i s c u s s e d .  T h i s  approach c o n s i s t e d  of t h e  f o l l o w i n g  phases :  

Genera t ion  of r e q u i r e d  i n p u t  d a t a .  

Performing t h e  a n a l y s i s .  

P r e p a r i n ~  t h e  n e c e s s a r y  o u t p u t s  f o r  implementat ion.  

3 .  Flements of each of t h e s e  phases  were d i s c u s s e d  and ground 
r u l e s  and problems were en t~mera ted .  

4. Conclusion was made from t h i s  s t u d y  t h a t  numerous maintenance 
f a c t o r s  and c o n s i d e r a t i o n s  a r e  n e c e s s a r y  f o r  t h e  O r b i t a l  Workshop m i s s i o n  
even though t h e  des iqn  w i l l  be  a s  maintenance f r e e  a s  n o s s i b l e  and maximum 
redundancy w i l l  be  u t i l f z e d .  A s  t h i s  s t u d y  r e ~ r e s e n t e d  on ly  a framework 
from which t o  proceed,  i t  was recommended t h a t  t h i s  e f f o r t  c o n t i n u e  w i t h  
t h e  u l t i m a t e  o b j e c t i v e  of deve lop ing  a comnlete maintenance p a c k a ~ e .  
F i n a l l y ,  a l i s t  of  p o t e n t i a l  i n - f l i g h t  t a s k s  was p r e s e n t e d  w i t h  supplementarv  
d a t a  t o  i l l u s t r a t e  t h e  f a c t o r s  and c o n s i d e r a t i o n s  n e c e s s a r y  i n  t h e  performance 
of t h e  taslcs. 



B .  Concept Plan f o r  Contingency A l t e r n a t e  Sequences f o r  S-TVR Workshop 

A conceptual  p lan  f o r  contingency a l t e r n a t e  sequences f o r  t he  S-IVB 
O r b i t a l  Workshop mission was prepared f o r  t he  Pre l iminary  Design Review. 
The nurpose of t h i s  s tudy was t o  provide a  p lan  f o r  the  cons ide ra t i on  of 
a l t e r n a t e  a c t i o n s  which can be accomplished w i t h i n  the  des ign  c a p a b i l i t F e s  
of the  O r h i t a l  Idor1:shop t o  produce acceptab le  condi t ions  f o r  mission 
continuance should a  contingency develop which prevents  accomplishments 
of the normal sequence of events .  

111. Sys tems Engineering 

A. Apollo Appl ica t ions  Program (AAT?) 

1. The monthly weight s t a t u s  r epo r t  for M P  payloads was completed 
and d is t r i1 )u ted .  Mass c h a r a c t e r i s t i c s  f o r  t he  C l u s t e r  mission were rev ised  
and d i s t r i b u t e d  (memorandum R-P&VF-VAV-67-66, dated Yay 8, 1967). 

2.  An Orb i t a l  (+lorkshoo (OWS) Astronaut  ll'allc through and P r e l i n i n a r y  
Design Review was held  from May 2 t o  Yay l n ,  1967. The walkthrough began 
on Yay 2 ,  1967, wi th  an a s t ronau t  o r i e n t a t i o n  h r i e f i n g  on S-TVR p a s s i v a t j o n ,  
thermal c o n t r o l ,  pene t r a t i on  s e a l i n g ,  crew q u a r t e r s  i n s t a l l a t i o n ,  c o r o l l a r y  
experiments ,  and workshon deac t iva t ion .  Tmmediately a f t e r  t he  b r i e f i n g ,  
t he  a s t r o n a u t s  v i s u a l l y  inspec ted  t h e  workshop mockup i n  i t s  f u l l y  a c t i v a t e d  
f l i ~ h t  con f igu ra t i on  wi th  a l l  i n t e r n a l  equipment i n s t a l l e d  and c o r o l l a r g  
exper ivent  boxes mounted. On May 3 ,  1967, a s t ronau t s  Alan Rean and 
.Tack Lousna, wearinq p re s su re  s u i t s ,  simulated i n i t i a l  L?l? tank e n t r v ,  
i n spec t ion ,  and n r e s s u r i z a t i o n ;  i n s t a l l a t i o n  of l i p h t s ,  f a n s ,  and s e n s o r s ,  
and s e a l i n g  of t h e  s i x  tank pene t r a t i ons .  Crew q u a r t e r s  i n s t a l l a t i o n  
procedures were performed i n  s h i r t  s l eeve  condi t ions .  On Mav 4 ,  '1967, 
t he  a s t r o n a u t s  walked through the  deployment of the  c o r o l l a r y  experiments .  
Severa l  teams of a s t r o n a u t s  reviewed the  s h i r t  s l eeve  n o r t i o n s  of t he se  
experiments ; a s t r o n a u t s  Engle and 1.Jeit.z performed the  spacestl i  t ed  p o r t i o n s  
of t he  experiments i n  p re s su r i zed  s u i t s .  The a s t ronau t s  performed ind iv idua l  
t a sks  on the  p a r t  t ask  mockups surroundinp: the  S-IVR, i nc lud ing  the  use  of 
t h e  5-degree of freedom s imu la to r  and the  p a r t i a l  I U  mockur, i n  b u i l d i n g  4755 
t o  review the  M467 (ST-124 Removal) experiment. Durinp t h e  course of t h e  
walkthrough, a  t o t a l  of 205 o r i g i a n l  Review Ttem Discrepancy (RTD) forms 
were rece ived  and processed by t h e  Crew S t a t i o n  Subboard (No. 5) .  The 
number of R I D ' S  were reduced t o  68. 



3. Coro l la ry  Experiments 

S tud ie s  were completed lead ing  t o  d e s i ~ n  s p e c i f i c a t i o n  
in format ion  f o r  f i l m  s to rage  volumes wi th in  t he  C l u s t e r ,  r e s t r i c t e d  t o  
t he  YDA, t h e  AN, and t h e  OWS. Such information inc ludes  environmental 
envelopes,  volume requirements ,  and optimal l oca t ion  of f i l m  s t o r a g e  
volumes f o r  f i l m  used i n  a l l  AAP-2 c o r o l l a r v  experiments dur ing  t h e  
28-day mission. An a n a l y s i s  was made t o  determine whether o r  n o t  
sight in^ r e s t r i c t i o n s  e x i s t e d  i n  t he  C l u s t e r  con f igu ra t i on  f o r  c o r o l l a r y  
experiments SO09 (Nuclear Emulsion) and SO69 (X-Ray Astronomv). The 
a n a l y s i s  proved t h a t  cu r r en t  design permits  s i g h t i n g s  wi th in  s t a t e d  
experiment s n e c i f i c a t i o n s .  

B.  Voyager 

Base l ine  Sa turn  V veh i c l e  weights  f o r  determining Voyager pavload 
c a v a b i l i t y  commitment were completed and d i s t r i b u t e d .  

I V .  Systems Sequirements 

A. Nuclear Ground Tes t  Yodtlle (NG7.V) 

1 .  NCTM program planning was comvleted f o r  t h e  cold flow t e s t  
u n i t .  Planning w i l l  be expanded t o  inc lude  t h e  two h o t  flow t e s t  u n i t s .  

2 .  The f i n a l  review d r a f t  of t h e  NGTM program s p e c i f i c a t i o n  
was completed and d i s t r i b u t e d .  F i n a l  comments a r e  due June 26,  1967. 

3. A f i n a l  d r a f t  of t h e  tank assembly t o  engine func t iona l  I C D  
was completed. 

P,. C l u s t e r  

The C l u s t e r  mission schedule  f o r  AAP-1, 2 ,  3, and 4 was comvleted. 

C .  Voyager 

The l abo ra to rp  implementation p l an  f o r  t h e  Voyager ~ r o j e c t  was 
prepared.  
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SATURN IB 

I. S-IB Stage 

A. S-IB- 10 Static Tes ts  C o m ~ l e t e d  

S-IB- 10 was successfully static fired. No engine hardware 
problems were  reported. The engine in position 8 was out of specifi- 
cation performance (209.6K versus  208K maximum allowable) on the 
shor t  tes t  and performed satisfactorily after reorificing. 

B . Tur bopump Contamination 

Leak-detection solution was found in  the turbopump LOX sea l  
cavities. Fur ther  disassembly revealed solid products of corrosion. 
All  suspected engines a r e  being inspected, and engines with evidence of 
corrosion will be returned to Neosho for reworking. 

C. S-IB- 10 Enpine Gimbal Svstem Contamination 

Fluid samples  taken f r o m  the S-IB- 10 hydraulic systems 
before s ta t ic  firing contained an excessive number of par t ic les  below 
10 microns  in size.  As a r e su l t  of these findings, it was assumed that 
the contamination was introduced by the ground hydraulic serv icer  s a t  
Michoud. T'he problem was aggravated by the presence of excessive 
water in the hydraulic fluid. The stage contractor i s  attempting to 
solve the problem by using water s t r ippers  with the ground se rv ice r s ,  
installing better f i l ters  in the ground &its,  using a corrosion inhibitor 
in  the hydraulic fluid, and eliminating mild s teel  components in the 
serv ice  equipment. If it i s  determined that the S-IB-10 stage was 
contaminated by the Michoud ground equipment, stages S-IB- 4 through 
S-IB- 9 may be in a s imil iar  condition since they were a l so  serviced 
with the same ground equipment. Sampling will be necessary  to 
determine their condition. 



OREITAL WORKSHOP 

1. Orbital Re s t a r t  Study Completed 

The p r imary  study a r e a s  were associated with propellant 
management and contr 01, repressurizat ion and recirculation pump flow 
pa ramete r s .  The minimum payload improvement with a continuous vent 
sys tem or O2 /Hz burner for propellant control was approximately 3000- 
3500 lb. Larger  payload advantages a r e  indicated based on low LOX 
residual.  Previous experience shows that a satisfactory engine chill- 
down or s t a r t  can not be achieved with low residuals.  

2.  External Insulation Study 

An external insulation system consisting of foam on the 
forward and aft sk i r t s ,  purged cells (foam-filled honeycomb) on the 
LH2 tank sidewall, and foam or high performance insulation on the 
bulkheads i s  being analized. Prel iminary resul t s  indicate that a n  
external insulation can satisfactorily reduce the heat load for an 
Orbital  Works hop mission; and provide design and operational flexibility 
for appropriate integration with the environmental control system. The 
external insulation would also avoid combustible mater ia ls  within the 
tank, facilitate pas sivation, and could reduce the micrometeoroid 
impact. 

3 .  Thermal  Control System Temperature Performance 

The thermal  control system performance capability and 
the need for heating the Workshop internal atmosphere a t  worst  case 
or  bit inclination, vehicle attitudes, insulation conductivity and optical 
property degradation i s  being investigated. The feasibility of eliminat- 
ing the need for heater power by controlling the daily launch window is 
being studied. 

4. Solar A r r a y  Panel Impact 

Studies were  performed to evaluate the effect of the 
side-mounted solar a r r a y  panels upon the Orbital  Workshop thermal  
control system. The Mission A orientation will resul t  in colder inside 
wall temperatures  (by 5 to 20 OF) than temperatures  without panels. 
Atmosphere temperatures  were colder by a s  much a s  10 O F .  Fo r  
Mission B orientation, the solar a r r a y  resul t s  in warmer temperatures .  
The solar a r r a y  concept i s  considered compatible with the S-IVB thermal  
control system. A detailed study to define the available mission t ime for  
habitation, attitude control res t ra in ts ,  and atmosphere heater power was 
recommended to be a portion of a design effort. 



5. Simplified Condensation Tes t  

Resul ts  of the initial t e s t  of the l iner model showed 20 
to 40 percent greater  condensation than expected. Tes t s  using chemical 
smoke and tufts showed that the flow was turbulent with eddies of r e v e r s e  
flow in addition to flow separation a t  the duct entrance. Additional t e s t s  
indicated that the t e s t  section expansion portion was responsible for these 
flow pat terns .  As a resu l t ,  relocating the fans o r  reversing the flow 
direction i s  being considered. The fan will be relocated on the t e s t  model 
to duplicate the flight a r t ic le  flow direction and to allow measurement  of 
condensation without recirculation. 

6. Solid Motor Survey 

A survey was conducted to determine the availability of 
solid propellant rocket motors  that deliver 100,000 l b l s e c  to 350,000 lb /  
s ec  total impulse.  Two motor designs were  selected a s  the mos t  promis-  
ing candidates. They were  the UTC FW-4s (fourth stage Blue Scout) 
motor and the 23 KS- 11000 (Alcor) motor ,  which deliver 172,000 l b / s e c  
and 257,900 lb / sec ,  respectively. Both motors  have had flight experi-  
ence and a r e  currently in a production status.  The Orbital Workshop 
S-IVB application will requi re  four FW-4s motors  or  three  23 KS-11000 
(Alcor ) motor s .  The anticipated modifications, qualification requi re-  
ments ,  schedule s ,  and costs a r e  being evaluated. 

SATURN V 

SA- 501 FLIGHT-CRITICAL COMPONENTS REVIEW 

The review of a l l  data and documentation of the Saturn V stages to  
determine the flight worthiness of propulsion sys tem flig'ht components 
i s  95 percent complete. 

I. S-IC Stage 

A. F - 1  ENGINE 

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

Nineteen t e s t s  were conducted, and a total duration of 
2079.8 seconds was accumulated. Eleven of these t e s t s  were  full dura-  
tion runs (150 seconds or more ) .  Two tes t s  were  terminated prema-  
turely; one was due to the LOX pump bearing p res su re  exceeding the 
redline value, and the other was due to a facility malfunction. 

2 .  Production Engine Testing a t  E F L  

Eight t e s t s  were conducted and a total duration of 7 13.7 
seconds was accumulated. All of the tes t s  r a n  for the intended duration. 
Three  of the t e s t s  were  full-duration runs.  
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3 .  Component Qualification 

The Qualification Tes t  Report  for the High Reliability 
Temperature Transducer i s  being reviewed. This will complete quali- 
fication of a l l  of the F- 1 engine components on the original component 
qualification l is t .  Qualification t e s t  procedures for the new redundant 
shutdown sys tem were  reviewed. 

4. F- 1 Engine Ready for 501 Flight 

The P r o g r a m  Managers preflight review meeting was 
held on May 17, 1967. It was determined that the engine i s  ready for 
flight use on SA- 50 1. 

5. Per formance  of Helium Heat Exchanger Increased 

The increased S-IC-504 burn t ime has  resul ted in  the 
requirement  to increase  the performance (outlet temperature)  of the 
F- 1 helium heat exchanger. This i s  necessary,  because the fuel tank 
pr e s  surant  capacity i s  fixed. The engine model specification will be 
revised.  

B. Helium Bottles Inspected 

Bottle SIN 3 was inspected after four yea r s  of use  and found 
to be in good condition. No indication of s t r e s s  corrosion was found. 
This bottle will be subjected to a burs t  tes t .  

C. S-IC-4 Successfullv A c c e ~ t a n c e  F i red  

The S-IC-4 stage was successfully acceptance f i red a t  the 
Mississ ippi  Tes t  Facility (MTF) on May 16, 1967. Mainstage duration 
was 125 seconds. This was the f i r s t  flight stage acceptance t e s t  a t  
MTF. No major  problems occurred during the firing. All sys tems 
appeared to function satisfactorily.  The acceptance t e s t  for S-IC-5 i s  
tentatively scheduled for July 11, 1967. 

D. Retromotor Crit icali tv 

According to the stage contractor ' s predicted crit icali ty , the 
S-IC retromotor  i s  one of the most  cr i t ical  i tems on the Saturn V vehicle. 
Some of the values of pa ramete r s  used in the crit icali ty calculation 
appeared to be unreal is t ic  and will be investigated. 

E. Retromotor s Being Investigated 

All S-IC r etromotor s manufactured to date were  placed on 
hold status pending the outcome of an alleged repor t  that substandard 
graphite was used in manufacturing the nozzle inser t .  This r epor t  i s  
being investigated. 



S-IC- 504 Propulsion System Evaluation 

Although calculations based on chamber p r e s s u r e  indicated 
that the S-IC-504 engines were performing over the engine specifica- 
tion l imits  during s tat ic  testing, engine performance based on turbo- 
pump speed was within specification l imits.  An investigation revealed 
that the chamber p res su re  measurements  were  mis -  calculated by 
approximately 1 per cent. 

G. Ordnance Testing 

An EBW detonator failed during lot acceptance testing. The 
fai lure  occurred during a room temperature t e s t  and i s  being investi- 
gated. So far  only some quality control and inspection deficiencies 
were  discovered. 

11. S-I1 Stage 

A. J - 2  ENGINE 

R&D Testing a t  SSFL 

Four tes t s  were  conducted, and a total of 710 seconds 
was accumulated. All of the tes t s  r a n  for the intended duration. 

2. Production Engine Tes t s  a t  SSFL 

Thirteen t e s t s  were  conducted and s total  of 1290 seconds 
was accumulated. Two of the t e s t s  were  terminated prematurely pr ior  
to mainstage due to erroneous hydrogen flow indication. 

3 .  J -2  Ready for SA-50 1 Flight 

It has been determined that the J- 2 engine i s  ready for 
flight on SA- 50 1. 

4. J- 2 Engine Tes ts  a t  AEDC 

Seven tes t s  in two separate  t e s t  periods were  conducted. 
All seven t e s t s  were  S-11-501 simulation tests .  One m o r e  tes t  period 
of four engine tes t s  will be devoted to S-11-501 verification to complete 
the SA- 501 verification program a t  AEDC. A total t ime of 85 seconds 
was accumulated a t  5.0 mixture rat io  on J- 2052 during this r epor t  
period. Fifty-nine tes t s  have been conducted, and a total of 9 19 sec-  
onds have been accumulated on engine J-2052 a t  AEDC to date. 

5. Engine Gimbal System Main Pump Tes t  

Design verification t e s t s  on three  S-11 EGS main pumps 
were continued. Two of these pumps were subjected to 60 out of an 
intended 100-hour endurance t e s t .  Both pumps have high p res su re  
spikes when going f r o m  a full flow to zero  flow condition. 



6 .  Verification Testing of Accumulator Reservoir  Manifold 
As semblv 

The f i l ter ,  proof p res su re ,  functional, high and low 
tempera ture  and vibration tes t s  have been completed satisfactorily.  
10,000 life cycles were completed on the accumulator and r e se rvo i r  
pistons using 100 f: 20 O F  oil. Fa i lure  occurred when the r e se rvo i r  
piston O-ring broke after 300 life cycles using 225 f 25 OF oil. This 
portion of the t e s t  required that 2500 life cycles be completed on 
both pistons using hot oil. Disassembly of the S-11 ARMA revealed 
that one of the GN, accumulator piston seals  was protruding below 
the piston. This failure caused sporadic GN2 leakage during the life 
cycle tes t .  All testing has been completed. 

7 .  Fai lure  of Engine J-2052 Investigated 

The functional fa i lure  of engine J- 2052 was caused by 
s c r a p  safety wire  in the Electr ical  Control Assembly (ECA) shorting 
between two circui t  paths which burned out a t rans is tor .  Disassembly 
and inspection of 14 ECAs revealed s imilar  i r regular i t ies .  ECAs on 
engines J-2080 and J-2093 were partially disassembled and inspected. 
Additional contaminants were  found so a l l  ECAs were  returned to the 
engine contractor for inspection, removal of contamination, and pro- 
grammed electrical-functional check. 

B.  Verification Tes ts  of Three Main P u m ~ s  

The t e s t  setup for simultaneous endurance testing of the 
f i r s t  and second S-11 main pumps was completed and both pumps have 
undergone 60 hours of endurance testing. 

C. Evaluation Testing of Propellant Pre-Valves 

Vibration tes t s  (sine and random) a t  LN2 temperature were  
completed on the f i r s t  valve. The hydrogen t e s t  setup i s  being con- 
structed. 

111. S-IVB Stage 

A. S-IVB- 503N Succe ssfullv A c c e ~ t a n c e  F i red  

The S-IVB- 503N stage was successfully acceptance fired. 
Mainstage duration was 444 seconds. This was the fir s t  Saturn V/S-IVB 
stage that was acceptance tested with a single burn. There  were  no 
major  problems during the countdown or  firing. All sys tems appeared 
to function normally.  The next stage acceptance t e s t  i s  S-IVB- 504 
tentatively scheduled for June 15, 1967. 



B. Propulsion Performance Predictions 

A final propulsion performance prediction on S-IVB- 50 1 
incorporating the "open P U  valve" r e s t a r t  was completed by the stage 
contractor.  Data tapes of the S-IVB-503N firing were distributed and 
the final performance prediction i s  progressing satisfactorily. A 
flight-type d ry  run on processing data,  reconstructing the firing and 
producing the final prediction, i s  being performed simultaneously by 
DAC and Boeing. The two procedures and resul t s  will be studied and 
compared. 

C.  P U  System Calibration 

A detail review of the volumetric method recommended by 
the stage contractor for calibrating the propellant utilization sys tem 
was completed. The method was approved for use on stages that will 
not be acceptance fired; however, it was recommended that the flow 
integral method of calibration be used a s  the method for a l l  S-IVB 
stages that have been or  will be acceptance fired. 

D. 0, /Hz Burner Restartable Feasibility Tes ts  

Feasibili ty tes t s  using a new ignitor configuration, a r e  being 
conducted on the O2 /Hz burner by the stage contractor a t  Sacromento 
Tes t  Facility. All s ta r t s  have been successful. Multiple s t a r t s  were  
completed with no changes to the burner between s tar t s .  All t e s t s  
simulated the mission duty cycle expected of the burner in orbi t  (approxi- 
mately 265 seconds burn time).  The extremes of the expected s t a r t  box 
of the burner were tested. Approximately 20 m o r e  tes ts  will be con- 
ducted before a decision will be made a s  to whether the res tar table  ignitor 
configuration will be qualified and flown. 

E. S-IVB Bulkhead AP Investigated 

The affect of single-point fai lures  on the S-I1 and S-IVB common 
bulkhead differential p ressu res  i s  being investigated. No single point 
failure has been identified prior  to second burn cutoff. Vehicle t ime 
response for vent valve failures i s  being determined, based on the ultimate 
s t ructural  l imit,  to define the abort  conditions. 

F. Liquid Level Sensors  

Malfunctions occurred in the LH2 depletion sensor  sys tem 
during the S-IVB-503N loading and static firings. The cause of these 
malfunctions has not been identified o r  corrected. The stage contractor 
will initiate second source procurement for a system that will reliably 
per form the assigned depletion, overfill,  and fastfill functions. 



S-IB IS-I1 Retromotor 

Qualification testing of the retromotor  redesign was com- 
pleted. No problem a r  ea s were encountered during the qualification 
test .  

IV. Instrument Unit 

A. F i r s t  Stage Regulator 

During installation of a relief valve, the mounting stud broke 
off. A metallurgical investigation of the mounting stud revealed that 
the fai lure  was a resu l t  of a design deficiency. A design improvement 
i s  being implemented. 

B. Replacement of Heat Transport  Fluid for IU 

A study of various heat t ranspor t  fluids was made to deter-  
mine i f  the present  Methanol /Water (M/W) fluid could be replaced by 
another fluid that i s  compatible for use  in the IU Thermal  Control 
System (TCS). The study was initiated because M / W  reac t s  with 
Magnesium-Lithium to generate Hz gas,  which is believed to have 
caused fai lures  in the Launch Vehicle Digital Computer and Launch 
Vehicle Data Adapter. Over -pr  e s  surization of the M/ W coolant cir  cuit 
i s  a l so  believed to be caused f r o m  Hz generation. The study indicated 
that the pumping power for the fluids under consideration was higher 
than that of M/W. Therefore,  compatible substitute fluid could not be 
used in the IU without a major hardware change and subsystem testing 
to determine the effect of lower heat t ransfer  on the tempera ture  
cr i t ical  electronic boxes. 

C. P r e s s u r e  Switch Qualification Testing Completed 

Qualification testing was completed on the p r e s s u r e  switch 
for  the IU MethanolIWater ECS. The resu l t s  of the qualification tes t -  
ing indicate that the deactuation p res su re  setting can shift outside 
specification l imits  under the specified vibrational environment. It 
was recommended that this switch be deemed a s  unqualified until the 
problem of deactuation p r e s s u r e  shift i s  eliminated or  until the speci- 
fication i s  revised. 

SPECIAL STUDIES 

I. Voyager Spacecraft P r o g r a m  

A. Propulsion System Studies 

Studies were  conducted to aid in  the selection of the type of 
propulsion sys tem (liquid or  solid) used for the Voyager spacecraft .  



In addition, the following se r i e s  of special studies were  completed: 
(1) a review of a NAA proposal to use the Service Module for Voyager, 
( 2 )  a conceptual study of a propulsion sys tem for a 7,000 l b  capsule, 
( 3 )  a review of a TRW repor t  on advanced missions.  

B. Voyager Solid Motor Liquid Injection 
Thrust  Vector Control Analysis 

Systems that could be used in the Voyager P r o g r a m  for thrust  
vector control of the Solid Motor were analyzed and recommendations 
were  made a s  to design improvements in  t e r m s  of mission reliability. 

C . Voyager Pressurizat ion Module Configuration Analysis 

Mis sion reliability analyses were performed on possible 
Voyager propulsion system pressurization control modules to determine 
best  module in t e r m s  of mission reliability. 

D. Propellant Management 

A prel iminary survey was made of low- gravity propellant 
management problems that may be incurred during various phases of 
the Voyager mission to Mars.  It appears  that propellant motion can be 
adequately controlled a t  all t imes  in flight with a simple arrangement  
of capillary screens.  The major advantages in  using screens  a r e  the 
elimination of propellant settling requirements  and simplicity - screens  
a r e  passive control devices in contrast  to complicated expulsion sys tems 
such a s  bellows. 

E. Thermal  Investigations 

The radiant heat fluxes for the spacecraft  and LEMDE engine 
in the Mars  orbi t  were completed. The spacecraft  heat fluxes were  
determined for an  emissivity of 0.90 and absorptivities f r o m  0.1 to 0.9. 
The wide variation in radiant fluxes with orbit  position and spacecraft  
location indicates that insulation will be required for the a r e a  shaded by 
the solar a r ray .  

A prel iminary investigation of the capsule / spacecraft  interface 
relative to heat dissipation f rom the capsule and the c'hange in heat gain 
a t  the capsule /spacecraft  separation indicate that a near  adiabatic inter - 
face should be maintained. 

F. Voyager Shroud 

A parametr ic  flow analysis was conducted to a s s i s t  in sizing 
the umbilical connections for the environmental control system. Final 
selection i s  dependent on spacecraft  prelaunch requirements.  



1 Multiple Docking Adapter (MDA) Thermal  Control 

Pre l iminary  studies assuming conservative boundary conditions 
were performed to establish the best thermal  concepts for use in design 
of the insulation system, docking ports ,  meteoroid shield supports and 
radiator supports.  These studies indicate that one inch of Goodyear high 
performance insulation will provide adequate MDA thermal  protection. 

111. Apollo Telescope Mount 

A. Spar Thermal  Deflection Tes t  

Fabrication and installation of t e s t  hardware i s  complete. 
Installation of instrumentation i s  60 per cent complete. Tes ts  will be 
s tar ted June 5, 1967. 

Quadrant IV Thermal  Control System Tes t  

Fabrication and instrumentation of hardware i s  95 percent  
complete. Due to a delay in the receipt  of insulation mater ia l ,  the 
s t a r t  of this tes t  will slip to July 1, 1967. 

C . Cannister Insulation. Acceleration and Vibration Tes t  

Fabrication of the support adapter for the centrifuge i s  85 
percent complete. The cannister i s  awaiting insulation. 

ATM Experiment Package Thermal  System Tes t  

Design of a thermal  model of the Naval Research  Laboratory 
Experiment "B" was started. A thermal  model of the Goddard Space 
Flight Center Experiment (GSFC) was received. 

Radiation Flux Cycles Studies 

The analytical study of maximum and minimum radiation flux 
cycles that will be seen by the external surfaces of the ATM experiment 
package was completed. Work was s tar ted on programming the infrared 
sys tem in the Quadrant IV Thermal  Control Systems Test ,  preparing a 
general t e s t  plan for this tes t ,  and preparing a mathematical model of the 
Quadrant IV Thermal  Control System Test  hardware to be used in making 
insulation thickness modifications. 

IV. Nuclear Ground Tes t  Module 

The vent system blow down study i s  40 percent  complete. Work 
has s tar ted on tank drainage studies that will be conducted in-house to 
investigate drain,  vortex, and destratification. The tank pressurizat ion 
computer program i s  being revised to meet  system parameters .  A 
nuclear propellant heating computer program i s  being implimented to 
meet  sys tem parameters .  



The diffuser design for the NGTM fill, drain,  and replenish sys tem 
was completed. This design reduces the inlet fluid velocity f r o m  65 f t /  
s e c  to 10 f t l s e c  and will prevent internal container damage and degrada- 
tion of pump and engine performance while operating in the replenish 
mode. 

A layout of the proposed f i l l  and drain sys tem was  completed. To 
install  this system, a 10-inch extension to the sk i r t  i s  required. 

V. Zero  Leakage Projec ts  - Investigation of Brazed 
and Welded Tube Connectors 

Twelve 114-inch tubing tes t  specimens were  subjected to tensile 
tes t s  , and 24 a r e  undergoing metallographic examination. Bur s t  t e s t s  
wer e conducted on eleven 1 14-inch tubing t e s t  specimens. Liquid 
nitrogen soak tes ts  were conducted on eighteen 112-inch tes t  specimens. 
Tes t  setups a r e  being investigated for 314-inch tubing at ambient tempera-  
tu re  and 114-inch tubing a t  t500 O F  temperature.  

VI. Sunspot I Vacuum Chamber 

Installation of t.his vacuum chamber i s  90 percent  complete. 
Installation remains  on the Ion/Titanium pumping system and the liquid 
nitrogen shroud. The chamber i s  being leak checked. After shroud 
installation, performance tests  will be made using the diffusion and 
Ion/ Titanium pumping systems,  individually. It i s  estimated that setup 
of the f i r s t  thermal  vacuum tes t  in the vacuum chamber can begin on 
June 19, 1967. 

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

The calibration, p ressu re  control, dynamic response,  and p r e s s u r e  
cycling t e s t s  a t  -30 O F  and -60°F  were  successfully completed on the 
Vickers Pump. The prel iminary test  data agree  with corresponding data 
obtained during the 0 O F  and ambient temperature tes t  s e r i e s .  However, 
a s  should be expected, the sys tem pressu re  drops and fluid contractions 
a r e  becoming more  evident a s  the temperature i s  decreased. 

VIII. Drop Tower Telemetry and Instrumentation 

Fabrication and check out was completed on a new 8-channel tele- 
me t ry  control box for the terminal  drain t e s t  package in preparation for 
a new s e r i e s  of tests .  A new pulse generator for camera  t ime was 
fabricated and checked out. Three optional units a r e  now available that 
give 1000 and 10 pps simultaneously. The slosh-impulse package was 
recal ibrated,  balanced, and sent back to the tower for additional testing. 
Design was s tar ted on a mixer  amplifier for the telemetry t ransmit ter  
input in an effort to obtain full 125 kc deviation. Data f rom the slosh- 
impulse tes ts  were processed, evaluated, and delivered. 



IX. Cryogenic Container Thermodynamics During Propellant Transfer  

The objectives of this program a r e  to provide analytical and 
empir ical  descriptions of the t ransient  phenomena occurring in cryogenic 
t ransfer  l ines and receiver  tanks during initial propellant t ransfer  and 
establ ish conditions leading to and methods of eliminating implosion. The 
computer programs developed for predicting these t ransients  were com- 
pleted and testing i s  current ly in progress  to obtain data to verify the 
analytical techniques. The t ransfer  line chilldown p rogram was success-  
fully correlated with National Bureau of Standards experimental data. 

X. High Per formance  Insulation Thermal  Design Cr i te r ia  

Work was completed, and two handbooks containing useful thermal  
data on mater ia l s  were  developed a s  a r e su l t  of this study, "Thermal  
Design Data for Multilayer Insulation Systems" and "Optical P rope r t i e s  
for Thermal  Control Surfaces. " Diffusion coefficients were  obtained for 
two insulation systems with various gases  and temperatures .  The 
resul tant  data compared favorably with the kinetic theory predictions of 
the effect of molecular weight on the diffusion coefficient. 

ADVANCEDPROPULSIONAND TECHNOLOGY 

I. J - 2 X  Thrust  Chamber Tes t  P r o g r a m  

Tes t  facility activation firings were  started. Three  ignition firings 
and three  low level main stage firings were  conducted successfully. The 
longest duration was 15 seconds with mainstage chamber p r e s s u r e  of 300 
psi .  Fir ings will progressively approach full mainstage operation con- 
ditions, a t  which time the stand activation chamber - a standard J -2  
model - will be replaced with the t e s t  program chamber of the J-2X 
configuration. 

11. SystemandDynamicsInvestigation 

Four hot firing t e s t s  of an aerospike solid wall th rus t  chamber 
were  conducted. The objective of these t e s t s  was to verify injector 
integrity,  checkout t e s t  stand operation, and exerc ise  the programmed 
throttle and dump valve units which a r e  used to simulate pump head-flow 
slopes.  The fir s t  th ree  t e s t s  accomplished facility and injector check- 
out. The fourth tes t  was intended to exerc ise  the programmed t'hrottle 
and dump valve units which can be se t  to simulate various pump head-flow 
slopes. A defective programmer  electr ical  switch prevented the LOX 
dump valve f r o m  receiving i t s  signal thereby causing it to r ema in  closed. 

The injector i s  being p r e s s u r e  and leak checked and will be cleaned 
for assembly in  the stainless s tee l  tubewall th rus t  chamber. The 



programmed valve control c ircui t ry i s  being extensively checked and i s  
having ne\v safety circuits installed. Further checkout runs will be con- 
ducted on this valve system prior  to the tube wall tests .  

111. Large  Booster Sub-scale Experimental P r o g r a m  

The hot firing tes t  program on the eighteen-engine plug multi- 
chamber model was successfully completed. The l a s t  s e r i e s  of firings 
employed a 10 percent length plug with a porous base plate. Several 
different gases were  used a s  base bleed, and flow r a t e s  were varied. 
Pre l iminary  resul t s  indicate good correlation with the previous cold 
flow tests .  Engineering analysis of all the t e s t  data is under way. 

HJG.  Paul 
V 

Chief, Propulsion Division 
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