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SATURN V 

1. S-IC Stage 

A .  Investigation of t h e  F a i l u r e  of a Compnncnt n f  an S - I C  Hold-dnwn 
A r m  

Thc t w o  additional anchor s t u d s  Lhat f a i l c d  i n  t h c  haLL l ock  
separator u f  a n  S - I C  hold-clown arm d u r i n g  asselnbly tcsting w v r e  s t i h j c c t c d  
t o  c h e m i c a l  a n a l y s i s .  As w a s  expec ted ,  the  rnatcriaI was  l J - 4  PI4 s tni .nless 
s t e e l ;  whereas ,  t h e  s p e c f f i e d  a l l o y  i s  1020 m i l d  s t e e l .  T h e  e x a c t  cause 
of failure was n o t  de te rmined ;  however ,  h r i t t l e  characteristics of t h e  
f r a c  t u r c d  s u r f  aces i n d i c a t e d  t h a t  e i t h e r  n a t c h c d  tension o r  an impact 
f a i l u r c  o r c u r r c d .  No m a t e r i a l  changes wcrc r~commended s ince  the wrong 
mntcrial was u s e d .  

K .  Evaluation 01 Commercial Adhesives 

S t u d i e s  a r o  continuing as ourlined he l aw  tn  evaIuate , Jcvc l r ) p .  
o r  quality new adhesives f o r  use  in t h e  S a t u r n  program. 

a .  S tudy  oE Environmcntal  E f f e c t s  on StsengLh o l  PuLyurcthancb 
Adhesives 

Tllc results o f  t h e  f i r s t  month of a long-trrm aging s ~ u c l y  
n f  s p ~ c i m e n s  prc~pared  by t h e  c u n t r a c t n r  u n d c r  c o n t r a c t  NAS8-1 1958 werc 
r c p o r t c - c l  i n  Lllc prcvicrus mnn t h  l y  r epo r  L . Spcbc imcns wprc Imnd~-cl wi t l ~  
N~~rrnco 7 3 4 3 / 7 1 3 9  (10(3/12.5) t o  evaluate t h c  fvlluwing c o n d i t i o n s :  
(1  ) tinprimcd adhcrcnds ,  ( 2 )  adherends  p r i m e d  w i l l 1  2-6020 and 1 p h r .  
%-6040 n d d ~ d  to t h c  a d h e s i v e  mix, (3) a d h e r e n d s  pr imcd  w i t h  hydrolyxcd 
2-6040 a n d  1 phr .  7,-6040 added t o  a d h e s i v e  m i x .  T ~ E  results seem t o  i n d i c a t e  
g e n e r a l ,  though  moderaLe,  s t r e n g t h  dcterioratinns r 1 u r i . n ~  one-rnnnth expusurrn 
to t h e  a m b i e n t  o u t d o o r  environment .  E x c e p t i o n s  art.: [ a )  the  -300°F ( 1 4 9 ° C )  
v a l u e s  throughout  t h e  t h r e e  series, which  r e f l e c t  little u r  no d e t e r  inrati o n ,  
and ( b )  t h e  r o o m  t empera tu re  valucs f o r  Z-6040 pr i rnc r  w i t h  2-6OGO a t l d e d ,  
which e x h i b i t  aboui 30 percen t  s t r e n g t h  loss (3367 p s i  i n i t i a l  ; 2248 p s i  
a f t e r  rJnp month).  It i s  much too  early i n  thc program tcr asc~rtnin any 
significant t r e n d s .  

6 .  Keevaluat ion o E Narmco 7'743 17 1 3 0  C ~ t r ~ l  Cvc l c 

The currently stanrlarcl curcm c y c m l  cb l-tfs Llbc. N;lrrr~c.r) 7'1/+'$/7 1'1'1 
; ~ d I ~ i ~ s i v c ~  systcrri i s  24  lruurs a t  room turnper : l turcL I o l  l r~wcnr l  I>y 211 I~OTI I -~ ,  ;II 

160°F 171 " C )  . P c r i r ~ i i  i c a l  l y ,  t h i s  cu r ?  cyc  l r i s c-rlrnl);~ri-cl w i 111 lrcr:, wll i r . 1 1  
m a y  o f  i c r  savings i n  t i m c  and cf f o r t  o r  w h  i.clv rllny x i  vrb Ijr.1 l t,r tlonrl:, . 'I'11i. 

s t a i ~ d a r d  cure h a s  h c c n  comparcd with a o r ~ c - : , t ~ l ~ ,  i t ~ ~ r r i c d i ; r l ~  24 Ili~urs ; I [  I f~O"[ . '  
( 7  1 "C) ctlrc c y c  l c t o r  l a p s h v a r  tensil tl specimens . t t c ~ s ~ ~  l 1s wc8rt< 31 5 0  13.; i 
and 1876 p s i  a t  room tumpcraturc  and +20OoF ( 9 3 " C ) ,  r c s p v c  t i v c l  y for t l jc 
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SATURN I'B 

I .  S-IL Stage 

A .  Evaluation of  Aging Treatment f o r  7075-T6 Aluminum Components 
in Redr ic   in^ S u s c c p ~ i b  i l i t l y  to Stress Corrosinn 

A l l  tcsts  F n i t i a t e d  t o  de te rmine  t he  effectiveness uT a g i n g  7075-'2'6 
t o  t h e  -T73 c o n d i t i o n  f o r  s t r e s s  cor ros ion  r e s i s t a n c e  have  b t h ~ a n  L~~r rn ina tcd  . 
T h e  r e s u l t s  of thcsc  tests will be r e p o r t e d  on completinn o f  da tn cvaluatknn. 

R .  Corrosion E f f c c t s  of MIL-H-5606 Hydraulic Oil 

Tests comparing the corrosive e f f e c t s  of MIL-tI-560hA hydraulic 
f l u i d  t o  t h e  B r e v i s i o n  f l u i d  have not shown any changes after 7 5  days  
of exposure. 

11. FI-I Engine. 

Investigation of Cause of  L e a k a ~ e  in an H - 1  en gin^ Turbinc Manifold  

A l c ak  was d i s c o v e r e d  in a weld area n e a r  t h e  inlet d u c t  o f  a n  I f - l  
c u r b i n c  manifold  t h a t  had been in service on t h e  component t e s t  s t a n d  f o r  
a p p r o x i m a t e l y  2100 seconds .  Meta l1 ,ographic  and frac Lagraph ic  ana lys i s  of  
t h e  l e a k  area revealed a f rac tu re  on the I I a s t e l l o y  P, casting side of tllre 
manifold weld. Areas of darkened surface were present on the Cracturc 
surface in t h i s  a r e a ,  indicating t h a t  t h e  u n i t  had  heen c r a c k c d  f u r  a 

p c r i o d  of  t ime p r i o r  to major fracture .  Practographic s t u d y  i d o n t  i r ivr l  
t h e  presEbncf o f  f a t i g u e  i n  t h i s  area . Pr,nclrranl r . raminal  i r,ii t , l  L l i ( .  rc~ir;~ i I I  i r t ~ !  

portion 0 5  t hc  wcldmcnt revealcd crilclrjnf: n p p r o x i m ; ~ t c l y  180'' I T ~ I I T I  l 1 1 t .  

I c : ~ k  arpa. Mct:ll!r)j;raphic and rractr~~;ri~l l l l ir  s l i ~ t l i c - s  ; l r rv  n o w  I x , i ~ ~ ; :  f r 1 1 1 -  

r111rtc.d i n  t l i i s  arca. 



s t n n d a r d  cure and 2882 p s i  a n d  1488 psi at the sarnc. tcrnpc.raturt.s f o r  t h e  
abbreviated curc. Thcse results appear to re-emphasize the desirability 
of retaining t h e  preliminary 24 hours  at r o o m  temperature in t h e  cure 
p r o c e s s .  

c .  Evaluat ion 05 Curalon-L as Curative for Dupont's Adiprenc 
L-100 and L-315 

Dupont ' s  polyurethane res in  L-315 y i e l d s  unusual Ly 
high room temperature strength values when cured w i t h  MOCA, the  standard 
c u r i n g  agent  used i n  conjunction w i t h  Adipsene  L-700 t o  form t h e  Narrnco 
7 3 4 3  adhesive. T h i s  agent  i s  not p r a c t i c a l  f o r  use w i t h  A d i p r ~ n e  L-315 
d u c  t o  i t s  cxtrerncly sllort pot l i f e  (4 -5  minutes ) .  It has h e ~ n  sugg~sted 
t h a t  Naugatuck's Curalon-L is a curing agent  t h a t  will a f f o r d  a w o r k a b l e  
p o t  Lire on t h e  o rde r  o f  five times t h a t  o f  MOCA. Curalon-L has  been 
evxlua t c d  i n  l apshear tensile specimens w i t h  A d i p r e n e  L-100, Ad Fprcnc L - 3 1 5 ,  
a n d  b l e n d s  of t h e s e  t w o  resins. Each adhesive m i x  contained 2-6040 
s i l  ane coupling agen t  together with a stoichiometrically cal cul  a t c d  
arnuunt of CuraLon-L. Surprisingly, Curalon-I, d i d  n o t  givc. outstanding 
lapshear strengths with either resin, b u t  w i t h  c c r t a i n  m i x t u r e s  o f  t h e  t w u  
Adiprcnc products a great improvement i n  bond s ~ r c n g t h  was n o t e d .  T h e  p o t  
l i f e  i s  also improved t o  a practical l eve l .  This phenomenon will receive 
Eur thc r  study as time permits. 

2. Lnves tigation of  Surface  P r e p a r a t i o n  for  Bonding S ta i .n t  e s s  
S t e e 1  Adherends  

Four surface prcparattons were evaluated f o r  type 31 6 s t a i n l e s s  
s t c > e l  1 a p s h c a r  Lensi Lc specirncns bonded w i t h  t h e  Letkowe l d  109 /LM-52 
atlht,si vc  s y s  tern. T h ~ s c  were: (a) a two-step etch requiring treatment 
w i t h  d i l u t e  s u l f u r i c  a c i d  a t  160°F,  Followed by room temperature immersion 
i n  a d i l u t e  nitric-hydrofluoric acid soLution, ( h )  a b r i e f  e t c h  a t  18Q°F 
( 8 2 ° C )  i n  a rnixturc of  concentrated hydrafluotic acid, concentrated h y d r o -  
cil 1 oric acid and concentrated h y d r o c h l o r i c  acid and concentrated p h o s p h o r i c  
ac i c l ,  ( c )  sand  blasting, and ( d l  no etch u r  o t h e r  t r e a t r n ~ n t  (beyond thr 
s c ~ l v c n t  degreasing and  d e t e r g e n t  wash given a1 1 spcc imens} .  T h e  two-strp 
e t c h  y i e l d e d  the h i g h e s t  bond strengths, thozigh t r e a  trnents ( a ) ,  ( h ) ,  and 
( c )  gavf nearly e q u i v a l e n t  results. Surface  p r e p a r a t i o n  ( d )  ~ s v c  2 5  p c r c c n t  
lower v a l u e s .  

3. Investigation of Semi-Organic S t r u c t u r a l  Adhpsi.vcs 

A 500-g ram q u a n t i t y  n f  t i t a n i u m  c l l a l a t v  p<) lyrnrr  11;is 1)r.c-n 
rucc ivc r l  r r o m  Mr~nsan to  Research Curpor : r t  i n n ,  unrlcrr c o n t r ; ~ ~  t NASX-204 112. 

for  i n - l l o ~ i s c  s t t ~ d i c s  . T h c  h a s e  pot  yrnrtr I h i ~ s  I 11c. iol  l owi n~ s l r ~ r c  t llrca: 



This L i n e a r  polymer h a s  a molecular w e i g h t  (in) g r e a t e r  t h a n  20 ,000  and 
m e 1  ts a t  250-275OC.  T h e  melting range of t h e  polymer i n  t h i s  form precludes  
i t s  u s e  with aluminum. Thc  addition of the reactive plasticizer, l,4-bis- 
(hydroxydimcthylsilyl Sphenyl ether, in a concentratton of  approxfmatcl y 
2 2  p a r t s  per hundred  parts of base  polymer lawcrs the m c l t i n g  r a n g c  uE t h c  
formulation to 90-100°C. T h i s  plasticized formulntion h a s  hccn  trcntetl w i  t l ~  
LO p e r c e n t  by w e i g h t  of tris(dimethyLam5no)-mcthyLsilsnc i n  an a t t c n l p t  t n  

cf f e c t  crosslinking by way o f  silanol-amino s i l a n i ~  condcnsat i o n .  7'hc 
pol  ymer-amino s i l a n e  mix was d i s s o l v e d  i n  hcnzcne a n d  lyophil i zed t o  a F inc  
powder .  Preliminary experiments i n d i c a t e  Cha t  somc u f  l t ~ c  cxpectcd conden-  
saLion occurs a t  1 0 U 5 C ,  b u t  optimum cure c o n d i t i u n s  have n o t  h c ~ c n  d c t c r r n i n e d  

C . Development and Evaluation of Potting Compounds and Conf orma l C o a t i n g s  

T h e  development of specially d e s i g n e d  polymeric materials i s  cnntinuinx 
f o r  a p p l  ication TO t h e  encapsula~ion of e l e c t r o n i c  c i r c r ~ i t r y  . Ernhcdtnt.nt 
compounds o f  t he  epoxy siloxane t ype  are  hcing rorrnr~laterl f o r  c irci l i  t 
embedment applications and hydrocarbon pol ymcrs  arca  b e  iny, r n r j r l  j f ir.d F rjr ~ ) r  i r 1 1  

c i r c u i t  h n a r d  c o a t i n g  applications. 

1. Development of Epoxy-Siloxane Ernkedmcnt Materials 

T h e  synthesis scheme utilized t o  produce p o l  yrunct i o n n  i 
siloxane-containing epoxides h a s  been described in previous r r b l ) o r l s .  ' 1 ' 1 1 ~ -  
remaining i n t e r m e d i a t e  t o  be  synthesized, p-aLlylpht.nyldimeLhyI-N,N- 



measurement. Since  t he re  was a n  immediate need for t h i s  i n s t r u e n t a t i o n ,  
a s h o r t  t e r m ,  h i g h  e f f o r t  contract entitled " F e a s i b d T i t y  Evaluation of a 
Nondestructive Inspection Technique for Saturn Hardwaret' was awarded to 
Southwest Research Institute for the modification (and subsequent a p p l i c a t i o n  
to this problem)  of an existing current inj ection technique. 

The contractor has nondestructively e v a l u a t e d  several Euel valve  
c a s t i n g s  using the current injection method. Two of these cas t ings  have 
s u b s e q u e n t l y  been received a t  this Center. These castings will be sectioned 
t o  d e s t r u c t i v e l y  measure the d e p t h  ef cold shuts. A subsequent compar ison 
of the nondestructive with the respective destructive measurerre n t s  w i l l  be 
made to reveal t h e  true capability of the nondestructive testing (NDT method. 

11. Contract Research 

During t h i s  report period, Saturn-related supporting research activities 
havc con t inued  i n  the fields of technology with the  contractors and under 
contsac  t numbers L i s t e d  below. 

A .  Pal yrner Research, Development, and Testing 

1. University of F l o r i d a ,  MAS8-20247 
2. Narmco Research and Development , NAS8- L L 958 
3 .  Peninsular ChernResearch, I nco rpo ra t ed ,  NAS8-5352 
4 .  B a t t e l l e  Memorial Inst i tute ,  NAS8-11837 
5 .  Bell Aerasystems Company, NhSw-1317 

B. Development of Cryogenic and High Temperature Insulation Material 

Goodyear Aerospace Corpora t ion ,  NAS8- 11747 

C. Analytical Methods Development 

Beckman Instruments, Incorporated, MAS8-11510 

D .  Assessment and Evaluation o f  B l a s t  Hazards 

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

E . Nondestructive Testing Technkques 

1. R .  M. Benson and Associates, NAS8-20208 
2. Southwest Research Ins titute , NAS8-20731 

I L L .  S-I1  Stage 

'Lhe S - l l - l . ' / ~  I,OX v e n t  l i n e  (PJM ME 271-0022-01)(11) ( S / N  1387442220(J01) 
manufactured by Solar, Div i s ion  of International Harves tcr Corr~p:lny, I i ~ . r !  

February  28, 1967, during t h e  l o n g i t u d i n a l  axis p h a s c  of t h e  p r i m a r y  r l y ~ ~ a m i i *  



dimethylaminosilane, has been prepared as a colorless oil b o i l i n g  a t  8 2 - 8 5 ° ~ / 0 . 2  
t o r r .  The infrared and elemental  ana lyses  a r e  c o n s i s t e n t  with the proposed  
s t r u c t u r e .  

2. Implementation of Molecular Distillation Apparatus 

An csser.tial phase of the development of t h e  siloxane-epoxide 
mater ia ls  is t h e  attainment of relatively pure palymer intermediates by 
rnolecula r distillation. A mercury d i f f u s i o n  gump vacuum t r a i n  has been 
c o n n e c t e d  t o  t h e  aolecular stiLl to  enable  the system t o  distill high 
molecular weight liquids at pressures as low a s  l odh  torr. A small portion 
oE 1,5-bis(p-(2,3-epoxypropyl)-phenyl) hexamethyltrisiloxane from a 
previously described preparation has  been d i s t i l l e d  a t  a temperature of 120- 
130°C whereas the same mater fa l  could  not  be d i s t i l l e d  w i t h  conventional 
apparatus  even at f 0 0 8 C .  

3 .  Development of Conformal Coating Materials 

A 4 0 0 - g r a m  quantity of 1 , 4 - b i s ( h y d r o g e n d i m e t h y l s i l y 1 ) b e n e  
s being prepared for use fn crosslinking the styrene-butadiene polymer. 
'hese crosslinked hydrocarbon polymer coatings have heen developed to the 

p o i n t  that a p p l i c a t i o n  ta s i m u l a t e d  electronic hardware i s  d e s i r a b l e .  A 
number o f  test printed c i r c u i t  boards have been equipped with f r a g i l e  
d i o d e s  and resistors and have been connected t o  a terminal board by means 
of a wire harness. It is p o s s i b l e  t o  monitor the electrical values of the 
various components while t h e  coa ted  board is undergoing environmental t e s t i n g .  
The fabrication of the t e s t  boards was accomplished on request by R-ASTR-P. 

The attempted preparation of !.- ( 3  " 4  -epoxyhutyldime thylsil y1)- 
4-(hydrogcndimethylsily1)-bcnzene, for use in modifying t h e  hydrocarbon 
polymer was unsuccess fu l  i n  that  both s i l i c o n - h y d r i d e  groups r e a c t e d  r a t h c r  
t h a n  g iv ing  the d e s i r e d  mono a d d i t i o n  product.  The  d e s i r e d  r eac t ion  is 
i 1 lustra Led be low: 

R-SF- ' -Si-H + CH2=CHCHCH2 - H-Si-y - S i-CH2CH2CHCR2 . ,, - /' 
I 

Further a t t e m p t s  will b e  made to favor mono a d d i t i o n  in t he  ahove rcnction 
by variation of s tn ich io rne t ry  and reaction t e m p e r a t u r e .  

D. Nondestructive Examination o f  Fuel Valvc C a s t i n g s  

Cracks o r  cu I d s h u t s  havc  hccn found i n  A - 7 5 h  ;I l I IHI i I I ~ I ~ I ~  c;ts I i IIJ::: 

w h i c h  a r c  cornpc~nenc parts or Fucl valves. 15ccnusc l h c ,  I - c ~  jcbcl i on  or 

a c c c p t a n c c  of  thc  castings i s  tlepcndcnt on tile dr?l)tli tlic+stn c.r;lrk::, :I 

pt-ngrnm t o  d e v c l n p  a nondestructivt! method  01 d e t e r n i n i ~ ~ y ,  cri,r.lc t l c n l i ~  1 1  w;~s  
i n i t i a t r ~ d  . P r e l i m i n a r y  i n v e s t i g a t i o n s  revealed t h a t  ctlrrrLnk ri~rl it)l;r:rl)l~ i r . ,  
ultrasonic, and eddy-current methods were unsui tah lc  f o r  th is  type 0 1  



C c n t ~ r .  I n  a n  agreement between t 1 7 r  s t a g e  c c r n t r a c l ~ r r  ; ~ l l r I  th is  I!cntcr .  t l lc  
torquP ~;;ls reduced t c -  L70-inch pounds i m n ~ c d i n l c . l y  ~ n c l  I l~c ln  w i  l I I)c ~ n c r c a s e d  
zcs 750 + - 10-inch pounds s h o r t l y  b e i n r e  l a u n c h .  KL?sc~cl  ~ r n  ava i l a h l  e d a t a ,  i t  
was recommended t h a t  a maximum t o r q u e  o f  2 2 5 - i n c h  pour-tds be u s e d .  As a 
f u r t h e r  recommendat ion ,  i E  service  l o a d s  i n  the S-TVR/IU mating b o l t s  a r e  
g r e a t e r  than 2.25 k i p s ,  then  t h e  torque v a l u e  of  225-inch pounds canno t  h e  
used w i t h o u t  a change of t h e  nut p l a t e .  E f f o r t  is c o n t i n u i n g  to determine 
b o l t  l u b r i c a n t ,  service Load, service temperature r a n g e ,  vibration or 
fatigue environment and the  relarionship between induced p r e l o a d  and service 
l o a d .  

B . Developmental Welding 

1. S t u d i e s  are  c o n t i n u i n g  i n  the  detcsminetion of t h e  r c p a i r a h i l  i t y  
of 2014-Tb  weldmcnts. Enough p a n e l s  have been prcparcd t o  curnpletp thr. 
prilgram. Welding  o f  test specimens lo r  evalt iat ion shoulcl  be comple ted  
d u r i n g  t h c  n e x t  r e p o r t  p e r i o d .  

2 .  Studies have continued i n  t h e  correlation W E  t h e  ~ f f c c t s  01 
va r ious  welding energy i n p u t s  and natural ag ing  v i t h  thc  perForrnance 
charact~ristics of weldments i n  aluminum a l l o y  2014-T6. Weldments have 
been  p r e p a r e d  u t i l i z i n g  approximately 25 p e r c e n t  excess encrgp i n p u t  
(1070 j o u l c s  p e r  Linear  inch). T h e s e  weldmcnrs, upon c o m p l e t i v n  o f  t h e  
s p e c i f i e d  a g i n g  periods, w i l l  bc  mechanical  1 y t e s t e d  and mctal bl r g i c a l  l y 
examined,  and t h e  results documented fo r  compar i son  s t u d i e s .  FreLirn inary  
r c s u l t s  i n d i c a t e  t h a t  a s i g n i f i c a n t  reduction in joint cfficiency can be 
expec tcd  when excessive h e a t  input i s  u t i l i z e d .  

C .  Study  o f  Materials Problems Attendant to t h e  S- IVB Workshop Program 

L .  S t u d y  of  t h e  E f f c c t s  of Hypezrv~loc i ty  P a r t i c l e  P~netration o f  
I n t e r n a l  Tank I n s u l a t i o n  

A nurnbcr of D-65 Scrim ~ l o t h / 3 - ~  I n s u 1 , q t i u n  sa lnplcs  wcrc 
evaluated to dc te r rn tne  t h e  e f f c c t  of cure  cycle on l l a m r n a h i l i t y  i n  5 p s i n  
oxygen.  T h e r c  does n o t  appcar t o  be a n  a p p r e c i a b l e  e f f c c t  n f  c u r e  c y c l e  
on t h e  ignition of D-65 S c r i m  C l o t h  c o a t c d  3 - D  insulation. Additional 
s t u d i e s  are scheduled t o  determine the eEfcct o f  70 p e r c e n t  oxygen-30 
percent n i t r o g e n  on the i g n i t i o n  of  3 - D  i n s u l a t i o n  by hypervelocity impact. 
Also ,  s tud ie s  are scheduled b s tudy  shock and b l a s t  phenvmena in a 3-foot 
diameter tank. A s h o c k  wave measuring system i s  b e i n g  assembled f u r  use  
a t  t h e  Arnold Eng ineer ing  Development Cen te r .  This s y s t e m  w i l l  rnuasurc  t 1 1 ~ b  
intensity o f  t h e  shock  waves produced  u n d e r  hype rvc  l o c i t y  i m p a c t  . C o r r ~  I ;i L i nn 

u i  d a t a  rr-corded by t h i s  s y s t o m  and p h o t o g r a p h i c  daLa may c l r ~ c i d i l t c  ~ l r c  
i g n i t i o n  process .  

2 .  S t u d y  of  Permeation - Difiusinn n f  f lyclrr~grn i n t o  3-1) ~ I I : ; ~ ~ I ; I K ~ U I I  

T h e  permeation oE helium t h rough  3 -D  type  i n s u a t i u n  LIL I j r l t ~ j d  

n i t r o g e n  temperature h a s  been examined.  'Test specimens uC 3 - U  insu1:rl i rln 
s e a l e d  o n l y  on one s ide  with t h e  normal poLyurctl.lanc seal c o a t  wcrc i . v : ~ c ~ ~ a ~ c ~ < l  



t e s t i n g  of the Saturn V-D configuration. Examinat ion  of t h e  l i n e  r evea l ed  
a 16-inch fracture a d j a c e n t  t o  weld 1 9 ,  a p p r o x i m a t e l y  midspan oC t h e  mounted 
l i n e .  T h c  LOX v e n t  l i n e  i s  a 10 - inch  d i a m e t e r  by 0.035-inch minimum w a l l  
t h i c k n c a s s  tube made of 321 CRES m a t e r i a l .  The failure, a t t r i b u t e d  t o  h i g h  
cyc l e  fatigue, i n i t i a t e d  a t  t h e  i n t e r s e c t i o n  o f  t h e  longitudinal weld and 
t h e  circumfcrcntial weld a t  a po in t  approximately 25' from the  t o p  dead  c e n t e r  
of t h c  tube  i n  t he  installed position. Stress concentration factors 
inclurlir~g incomple te  weld penetration, weld peak ing ,  and t h e  stiffening 
e r r e c t  or r e p a i r  weld reinforcement caused fracture progrcssisn from an 
area of l a c k  o l  f u s i o n  under the load  conditions created by dynamic testing 
LI f the S a t u r n  V-D vehicle .  

B .  Evaluation of Fasteners 

A program i s  c u r r e n t l y  i n  p rogress  t o  establish the mechanical  
p r o p e r t i e s  r e q u i r e d  f o r  h o l t s  used i n  the  S - I T  s t a g e  t h r u s t  mount a t t a c h -  
rncnt. T e n s i l e  t r s t s  and hardness tes ts  have been made on l o w  s t r c n g t h  
(145-160 k s i )  and h i g h  strength (180-200 ksi) A-28.6 holts fo r  con~par i son  
purprlscs .  Thc u s e  oL160-180 k s i  b o l t s  was recommended t o  i n su re  a m i n i m u m  
amul tn t  o f  cold work and be t te r  mechanical p r o p e r t i e s .  I t  h a s  been s t a t e d  
t l ~ u t  t h c  ultimate t e n s i l e  s t r e n g t h  is no t  an i m p o r t a n t  clcsign c r i t e r i a  i n  
t h i  5 application; t h e  elongation p r o p e r t i e s  arc t h c  d c t e r m f n i n g  f a c t o r .  
T h i s  ph i1  osophy h a s  evolved f r o m  t h c  Structures D i v i s i o n ' s  e x p c r i c n c c  w i t h  
318 -  i n c h  d i a m e t e r ,  low strength (145-160 k s i )  a n d  7 /16-inch diameter h i g h  
s t r c n g t h  (180-200 k s i )  A-286 b o l t s .  T h e  w e a k e r  h o l  t s  w i t h  more e l o n g a t i o n ,  
dcformcd u n d e r  l o a d ;  however, the largcr s t ronge r  bolts exper ienced  a 
shear Failure. It is considered t h a t  t h e  torque induced tension l n a d  
applied l o  t h e s e  b o l t s  i s  not adequate to overcome t h e  a c t u a l  scrvicc l o a d .  
E i t o r t  i s  c o n t i n u i n g  t o  d e t e r m i n e  b o l t  lubricant, f a s t e n e r  s e r v i c e  ternpcrature 
r a n g e ,  m a t i n g  j n i n t  materials, b o l t  Length,  max imum service  l r ~ a d i n g ,  and the 
v a l u e  of  t h c  applied torque induced  p r e l o a d .  

C. S-XI S t a g e  Cryogenic Insulation 

T h i s  d i v i s i o n  has c a n t k n u e d  t o  support t h t  r v p a i r  and l e s t  ac l i v i t i cn s  
r e l a k c d  t o  t h e  S-I1 s t age  i n s u l a t i o n  a t  b o t h  the  M i s s i s s i p p i  'I'cst F a c i l i t y  
and thc  J o h n  F .  Kennedy Space P l i g h t  Cen t e r .  The e f f o r t  t u  cvaluatu spray 
roaming h a s  been hindered by a delayed foam shipment, hut an attempt i s  
underway t~ apply  s p r a y  foam t o  a 70-inch d i a m e t e r  t e s t  tank locally. It 
is 11opt.d t h a t  a t  l eas t  one  f i l l  and d r a i n  tes t  of  t h e  f o a m  insub t c r l  t a n k  
c a n  I>c c u n d u c t e d  i n  advance of a meeting t o  be hcl.rF t c n t a t i v r l y  on hpri l  7 
w i t h  personnel  of t h c  stage contractor. 

I V .  S - I V E  

An a n a l y s i s  o f  t o r q u e  r e q u i r c m r . n t s  lur NAS-h25-/4 h111 l s  , in(] 74AS-C,J1r-A' ,  
nut p l a t e s  bellween t h c  S-IVl5 stagc! and t h e  L n s t r u m ~ n t  U n i t  (Ill) i c :  t ~ c , i n ~  
mnclc. I t  was discovured t ha t  335-incl, ~muntls o f  torclue was hcinp, : l l~ l l l  icr l  L [ i  

s rage i n t e r  l a c e  hol ts b e i n g  i n s t a L l e d  a t  tilt: J o h n  F .  Kcnntidy Spacc. I 2 l  i K l l t  



on one s i d e  while maintaining one atmosphere of helium on thc opposite side. 
Permeability was determined from t he  pressure r i s e  in t h e  evacuated chamber 
resulting from helium diffusion. Triplicate tests on each of f i v e  specimens 
a t  28°C and one atm~sphere d i f f e r e n t i a l  pressure resulted i n  an avcragc 

3 permeability of 5.6 x cm / h r  cm H g , L ~ / i n 2  f o r  comparison to results 
o b t a i n e d  at -195OC. Testing t he  same five specimens  a t  l i q u i d  n i t rogen 
temperature  r c s u l t c d  in gross mechanical failure o f  t h r e e  of t h e  specfmens 
a t  t h e  bond j o i n t s  te t h e  test f i x t u r e ;  however, t h e  two specimens remaining 
i n t a c t  showcd no significant change in permeability f r o m  t h a t  obtained at 28'C 

Permeability determinations to ascertain t h e  e f fec t  of p e r f o s a t ~ l d  
aluminum f o i l  flame r e t a rdance  coating are  i n  pragress. A d d i t i o n a l l y ,  a 
test  program t n  determine t h e  diffusion rate of helium from 3-D type insulation 
under pump-down conditions and to determine the absolute pressure r i s e  within 
t h e  i n s u l a t i o n  a f t e r  prior evacuation is in p r o g r e s s .  Unantfcipated experimental  
difficuLtkes have been e l i m i n a t e d  and meaningful d a t a  should be forthcoming. 

3. Investigation of the E f f e c t  of Hel ium D i f f u s e d  i n t o  t h e  Insulation 
on I n s u l a t i o n  C o n d u c t i v i t y  

Determinations are continuing to ascertain t h e  e f f e c t s  of h e 1  ium 
d i i f u s e d  i n t o  the i n s u l a t i o n  on the thermal conductivity. In  t h e  present 
s t u d y ,  samples  of  3 - D  i n su la t ion  s e a l e d  with perforated aluminum foil flame 
r c t a r d a n c e  coating are being measured f o r  thermal c o n d u c t i v i t y ,  accord ing  
t o  t h e  following cyclic program: 

Sequence Atmosphere Cold  P l a t e  Action 

Precondition Vacuum L"2 Measure, K 

He 1 atrn LH2 Measure, K 

H e  1 atm RT Condition Sarnpl c 

E i g h t  cyc le s  have been completed on one specimen. Uncorrected d a t a  i n d i c a t c  
t h a t  t h e  thermal conductivity of t h e  sealed specimen approached t h c  Lhermal 
conductivity of the specimens saturated w i t h  h e l i u m  asymptotical I y with cacli 
s u b s e q u e n t  c y c l e .  Without removing t h e  sample from t h e  calorimetcr, t h e  
s a m p l e  chamber has been evacuated t o  less t h a n  10-5 t o r r  and t h e  thermal 
conductivity dcrerrnined as  a f u n c t i o n  of t i m e .  This test will be contintlcd 
until a minimum conductivity is obtained. 

4 .  S t u d y  of Flammability of Materials 

T h c  burning charac t e r i s t  ics  of tcn d i r r c r c n  t P I I E  ~ I I K C ' L I I : I I I C ~ S  ;Irln 
b e i n g  cvaluated a s  a f u n c t i o n  of oxygen pressure. 'I'hc s : ~ ~ n l l l c - s  ; I r cn  I ~ c ~ i t i ~  
s t u d i e d  i n  5 psia, 10 p s i a ,  13 psFa oxygen and a i r .  A ct~rnpl c t  rh  cbvii I t 1 3 C i r b l i  

o f  thcsc m a t e r i a l s  w i l l  be made when t h c  t e s t ing  i s  coml> le t cd .  



As a p a r t  of  the  flammability s t u d y ,  considcrahle time h a s  
been s p e n t  i n  s e a r c h i n g  f o r  d e s i r a b l e  c r i t e r i a  f o r  s e l e c t i o n  of  materials 
f o r  U S P  in gascous oxygen sys tems .  Specifically, what b u r n i n g  propagation 
r a t e  s h o u l d  be selected: ALSO. should the sarnplc b c  evaluated by i g n i t i o n  
at t o p  when samples are held in vertical position; Another possibility is 
ignition from bot tom when the samples a r e  h e l d  v e r t i c a l l y  o r  i g n i t i o n  
of a sample in t h e  h o r i z o n t a l  position. -4 search of t h e  L i t e r a t u r e  r c v c n l s  
t h a t  the burn  propagation rate o f  a sample ignited from t h e  h o t t o m  is LO 
times g r e a t e r  than a sample ignited f rom the t o p .  A l s o ,  t h i s  same Literature 
search i n d i c a t e d  t h a t  t h e  burn ing  r a t e  of  specimens ignited from t h e  t o p  
o r  i n  t h e  h o r i z o n t a l  p u s i t i o n  is a p p r o x i m a t e l y  t h e  same. T h c  MSC Specification 
MSC-AD-66-3 s p e c i f i e s  a ver t i ca l  t o p  method f o r  evaluating materials in 
pure oxygen environments. The acceptable burning r a t e  is 0.5 i n c h / s e c  
(30 inchcs/ rnin)  . It m u s t  h e  realized t h a t  this is a m i n i m u m  burning r a t e  
not a maximum r a t e .  The Underwriters LaboraCory (UL) has  i s s u e d  a bulletin 
on a romprehens ive program to de te rmine  f larnrnabil i ty c r i t e r i a  f o r  s e l e c t i o n  
of p l a s t i c s  f o r  use in electrical a p p l i a n c e s  in a i r .  The end result  of t h i s  
study was t h e  s e l e c t i o n  n f  a P l a s t i c  Pcrfotrnnnce I n d e x  ( P P I )  f n r  selcctinn 
ol: p l a s t i c s  f o r  use i n  e l e c t r i c a l  appliances. A P P I  of 50 was  s c l c c t c d  
t o  correspund t o  acceptable magnitude f o r  o r d i n a r y  ~ p p l i c a t i o n s .  T h i s  PPI 
h a s  a s  a basis the  performance of various plastics ant1 p l a s t i c  materials 
t h a t  have  been  used f o r  years  in electrical appliances. Each C l a m a b i l i t y  
p r o p e r t y  s t u d y  ( a r c i n g ,  t r a c k i n g ,  burn in2  r a t c ,  ctc .) o f  p l a s t i c s  wcrc p l  o t t c d  
agakns t PPI scales  of 0-100. When using P P I  charts f o r  Itigh 02 envirunmpnts 
( s i m i l a r  t o  t h e  UL Index), a burning r a t c  (horizontal) c o r r e s p a n d i n ~  t o  a n  
index of 50 ( i n  a i r )  would h e  1-inchlminute o r  30 times more severe t h a n  
t h e  c u r r e n t  0 . 5  i n c h l s e c .  These c h a r t s  wcrc f u r t h e r  broken down t o  indicate- 
r e s t r i c t e d  b u r n i n g ,  f r e e  b u r n i n g ,  and spacing d i s t a n c e s .  It is recommended 
t h a t  c u n s i d c r a t i o n  h e  given t o  a d o p t i o n  of the C K  c r i t e r i a  u s i n g  a P P I  s c a l c  
of 50 I n r  most rnatcrials .  Thc f l a m r n a h i l i c y  t e s t s  would hc made in gascous 
oxygen. 

5. Invvstigatkon o r  Thermal  C o n t r o l  C o a t i n g s  f o r  Usc i n  t h e  S-1VU 
Workshop 

A requirement f o r  a tlicrrnal coating w i t h  an cmissivity oE 0.8  
or greater on the interior of the liquid hydrogcn  tank o l  t h c  S - I V I ? ,  IcTrrrl<shnp 
has r e s u l t e d  in a limfted literature search as well a s  laboratory pvaluation 
of  avaflahle c o a t i n g s .  S ince  t h i s  coa t ing  musr be i n s e n s i t i v e  t o  gasPous 
oxygen, o n l y  inorganic  t y p e  coa t i ngs  may h e  considered . Sever3 1 coa t i n g s  
of the chcmical conversion type are h c i n g  evaluated, One coating which 
s h o w s  snme promise and can he  a p p l i ~ d  by manual techniques i s  b e i n g  c v n l u a t c d .  

1lFCclr t . s  arp c o n t i n u i n g  i n  t l i c .  cor,rtl  i n : ~ l  i r ~ l l  iintl rc-sr! l t 1 1  i ~ ) I I  r r  I I > I - [ I I ~ I  I ' I I I  

areas r c  l n t e d  to  the m a t e r i a l s  ;lsl>ccL:; t ) l  I l t rn S -  1VI: sr;;lj:cm ( l r  s:i l Ilr-11 . I ~ I ~ I - i  I);., 

t h j  s r c p r l r t  pcri od , t h o s e  a ~ t i v i  t i p s  I l i i v ~ '  i n c  I I I O C I I  t l i v  I a l l  l ow in^: 



I .  Flutter K i t  

D A C 1 s  proposal  f o r  bonding of t h e  f l u t t e r  k i t  on S-IVB s t a g e s  
was  reviewed. Bonding and process s p e c i f i c a t i o n s  proposed f o r  t h i s  a p p l i -  
c a t i o n  were f o u n d  t o  be acceptable .  Thus, no ptobLerns of  a bonding o r  
materials nature are expected . 

2 .  Radiographic  Lnspcc ti on of Welds 

A d e t a i l e d  review of r a d i o g r a p h i c  inspect ion requirements of  
welds h a s  been completed, Requirements of R-P&VE havc been coord ina ted  
w i t h  t h o s e  of R-ME: and R-QUAL. A n  R&DO coordinated r e p l y  is be ing  prepared 
h y  R-OM-V f o r  fo rward ing  to the S-IVI3 stage manager. 

3 .  The f o l  l o w i n  g documents were reviewed : 

a .  DAC FRD IP20031C, "Adhesive, Quick S e t ' "  

b . DAC FRD IP0081D, "Insula t ion, Cryogenic ,  I n s t a l  1 a t  ion  
(for non-ox id iz ing  systems)"  

c . DAC MRD LP20075E, "Adhesive, P o l y u r e t h a n e ,  FLex ib le"  

d .  DAC MRD lP20110,  '7,ubriicnt, S o l i d  Film, P r o p e l l a n t  Systems 
Compatible" 

e .  DAC ECP 2093, "LB2 tank external surface f i n i s h "  

f . DAc MRD 1P20121A, W i r e ,  Welding,  Spooled  Type, Aluminum 
A l  l o y ,  4340" 

g =  DAC NS No. STMO-251, "Fabric, Glass,  F i n i s h e d ,  f o r  Use 
as Scr im"  

h ,  D M  MRD LP20040R, "Primer, S i l i c o n e  Resin Rase" 

i . DAC MRD LP20014D, "Adhesive, Silicone Elastomer" 

j. DAC F R D  lP200L8D, "Resin, Epoxy, Low Temperature Resisting, 
Room Temperature Cure" 

k. DAC MRI LP20097B, "Adhesive, E d g e ,  Epoxy, T h i x o t r o p i c .  P a p e r  
Honeycomb" 

1. DAC PRD IP00055A, "Bonding, Panel., Paper Iloncycoml) C r ~ r c ! ,  
Metal  Faced. " 



V .  5-2  Engine 

A .  I n v e s t i g a t i o n  of Cracking i n  a  5-2  Engine Turb ine  Wheel Assembly 

The q u a r t e r  s e c t i o n  of t h e  f i r s t  s t a g e  t u r b i n e  wheel assembly 
from t h e  o x i d i z e r  turbopump assembly of 5-2  eng ine  52027 (S-IVE Program) 
was r e c e i v e d  f o r  f r a c t u r e  a n a l y s i s ;  however, on ly  l i m i t e d  s t u d i e s  have 
been made due t o  s c h e d u l i n g  problems. The s e c t i o n  c o n t a i n s  c r a c k s  n e a r  
t h e  h u b - p o r t i o n  of t h e  assembly.  

B .  5-2 Engine P r o j e c t  Management, M a t e r i a l s  

1. A f t e r  b e i n g  d i r e c t e d  t o  u s e  Dynatherm, D-4327, t o  c o a t  t h e  
c r o s s - o v e r  d u c t  on t h e  5-2 e n g i n e ,  Rocketdyne claimed t h a t  t h e y  could  n o t  
g e t  any of t h i s  m a t e r i a l  which i s  LOX compat ib le .  ( I t  was recommended 
t h a t  t h e  D-4327 be b a t c h  t e s t e d  f o r  a c c e p t a b i l i t y . )  One of t h e  b a t c h e s  
t e s t e d  was p r e v i o u s l y  t e s t e d  by t h e  Space and I n f o r m a t i o n  Systems D i v i s i o n  
of North American A v i a t i o n  f o r  u s e  on t h e  S - I 1  s t a g e  and found a c c e p t a b l e .  
We have r e q u e s t e d  samples of t h e  m a t e r i a l  t e s t e d  by Rocketdyne t o  b e  s e n t  
t o  t h i s  Cen te r  f o r  LOX impact t e s t i n g .  Apparen t ly ,  t h e r e  i s  some d i f f e r e n c e  
i n  Rocketdyne 's  t e s t i n g  t echn iques  a s  compared t o  o u r s .  

2 .  F a i l u r e  of a  b razed  j o i n t  i n  an  AS1 i n s t r u m e n t a t i o n  l i n e  (PC l i n e )  
on a  5 -2  e n g i n e  on t h e  S - I 1  b a t t l e s h i p  s t a g e  r e c e n t l y ,  r e s u l t e d  i n  t h e  
n e c e s s i t y  f o r  i n s p e c t i o n  of t h i s  brazed j o i n t  on t h e  same l i n e s  on t h e  
f i v e  e n g i n e s  i n s t a l l e d  on t h e  S-11-2 s t a g e  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 .  
It was de te rmined  by r a d i o g r a p h i c  i n s p e c t i o n  of t h e  j o i n t s ,  t h a t  two of t h e  
j o i n t s  were i n a d e q u a t e l y  b r a z e d .  These two l i n e s ,  and s u b s e q u e n t l y ,  t h e  
l i n e s  on t h e  o t h e r  t h r e e  eng ines  were c u t ,  removing t h e  brazed j o i n t ,  t h e  
ends crimped and welded s h u t .  The l i n e s  a r e  347 s t a i n l e s s  s t e e l  and 347 f i l l e r  
w i r e  was used i n  we ld ing  t h e  crimped e n d s .  

V I .  F-1 Engine 

A .  Study o f  E f f e c t  of Sea Water Immersion on F-1 Engines 

The Advanced Systems O f f i c e  (R-AS) h a s  i n i t i a t e d  a  program t o  
e v a l u a t e  t h e  F-1 e n g i n e ' s  r e u s a b i l i t y  a f t e r  immersion i n  s a l t  w a t e r .  
T h i s  program w i l l  be  s i m i l a r  t o  a  program conducted on an  H-1  eng ine  
s e v e r a l  y e a r s  ago .  T h i s  d i v i s i o n  has  r e q u e s t e d  t h a t  we b e  inc luded  i n  
t h e  p lann ing  and i n i t i a t i o n  of t h i s  program. P r e s e n t l y ,  Rocketdyne h a s  
been r e q u e s t e d  t o  perform a  s t u d y  l e a d i n g  t o  recommendations a s  t o  s p e c i a l  
p r e p a r a t i o n s  and expected performance and r e l i a b i l i t y  i n  s e a  w a t e r .  A r e p o r t  
of t h i s  s t u d y  i s  due A p r i l  1, 1967. A f t e r  a  review of t h i s  r e p o r t ,  f u r t l ~ c ~ r  
c o n s i d e r a t i o n  a s  t o  t h e  scope  of t h e  program w i l l  be g i v c n .  

E. Study o f  F- 1 Engine Primary LOX Scal  Mating Ring 

M e t a l l o g r a p h i c  a n a l y s i s  was cont inued on t h r c c  F - 1  engirlcn prirrl;~ry 
LOX s e a l  mat ing r i n g s .  F u r t h e r  ev idence  was found o f  c r a c k i n g  i n  lllc 
chrome p l a t i n g ;  and by  s e c t i o n i n g  through v a r i o u s  a r e a s  of onc r i n g ,  i L 



Samplcs of Enur mater ia ls  p r o p o s r d  fo r  the insulation blankct 
f a r  t h c  ATM spar  and expe r imen t  envelope were evaluated to 100'C at 10-8 
t o r r .  The  materials  were (1) 0.25 miL aluminized Mylar reflector film; 
( 2 )  35 m i l  p o l y u r e t h a n e  foam s p a c e r  marer ia l ;  ( 3 )  o u t e r  f i b e r g l a s s  
laminate impregnated with polyurethane resin:  and (4)  o u t e r  r i h e r g l ; l s s  
l a m i n a t e  fmpregnated with epoxy r e s i n .  T h e  a l u m i n i z e d  Mylar  and t h e  
polyurethane foam h a d  a weigh t :  l o s s  of 1 . 3  and 3.1 p e r c e n t ,  respec L i v e l y .  
t iow~vcr,  thc.  w c i g h r  Loss of the Mylar is a t t r i b u t a b l e  to loss  nl: surracc- 
adsorbed a t m u s p h e r i c  gases, and t h e  r e l a t i v e l y  h i g h  w f i g l l t  loss of t hc  
polyurethane f o a m  was clearly i d e n t i f i e d  as COZ,  probab ly  t h c  blowing 
matcrinl . C o t h  of the fiberglass m a t e r i a l s  exhibited nrgl i g i b l e  w ~ i g h t  
l o s s .  

Four other s a m p l e  materials were t c s t e d  f o r  t h e  A p o l l o  Ccrrnmand 
Module. T h e s e  were: (1) Kap ton  p n l y i r n i d c ,  a lumin ized  nn unr. s i d c ;  
( 2 )  S- 13  c o a t i n g ,  RTV602 w i t h  titanium d i o x i d e  p i g m e n t ,  ( 3 )  Hypalon, 
a s g n t h c t i c  r u b b e r ;  and ( 4 )  insulcork 2755, a cork bonded w i t h  p h e n o l i c  
rLbsin .  T h c  Kapton samplc  was h c a t c d  f o r  63 h o u r s  p r i o r  t o  a ser ies  u f  
wtight Loss dctcrminations involv ing  9 I ~ o u s s  . T11c w c i g l i  t loss of 1 . 7  ~ l t r c c l ~ t  
i s  a1 1 a t t r i b u t e d  t o  Loss o f  surface gases .  

Thc Hypalon and 5-13 mater ia ls  were t e s t ed  Tor 8 hours cach  and 
had  l e s s  t i tan 1 percen t  t o t a l  Loss. T h e  Insulcork 2755 was h c a t c d  in 
150°C over  a p e r i o d  of 313 h o u r s  wit11 a 1 8 . 0  pcrcent  w e i ~ h t  l o s s .  T h c  
s a m p l e  l o s t  3 . 1  pcrcen t  a t  2 5 " C ,  0145 p c r c c n t  a t  50°C, 9 . 4  p c r c c n t  a t  
1 0 O 0 C ,  and 5.0 percen t  at 150°C. T h e  samplc had -.iqihly shrunk anrl d i s -  
col o r e d  . Mass spect'ra i n d i c a t e  degradation of the pl ienul ic  r e s i n  bindcr 
and probabLe d e g r a d a t i o n  of  t h c  c o r k .  T h e  prcsence 01 a l a rge  peak at 
~ / e  o f  60 cannot bc a t  t r f h u t e d  t o  t h c  h i n d c r  and i s  p r o h a l 3 l y  a n  i n d i c a t i o n  
n l  d e g r a d a t i o n  of t h e  c o r k .  A cork  samplc  ill I ~ P  run scparatcly t n  n h t a  i n  
a t y p i c a l  spectrum f o r  t h i s  mater ia l .  

Onc a d r l i t i n n n l  rnatcrial w a s  t e s t e d .  Th is  w a s  t h ~  o u t e r  c n a t i i ~ g  T n r  
t i p  r i l m  I1vatc.r p roposcd  f o r  the ATM s p a r .  T h c  m a t t a r i n l  i.s a n  rnpoxv c n n t i n j i  
whoscr c x a c  t dcsignat i o n  o r  cnmposi tion is n o t  known. T t ~ c  san~rllc was I ras t r d  
t o  L0n.C and  l o s t  a t o t a l  o f  2.7 pc r cen t .  

B . I n v e s t i ~ s t  ion o f ATE1 Bcar ing Lubrication 

To p r o t e c t  moving parts o f  t h c  ApolLo Telcscopo MounL l u b r i c a n t s  
w i l l  hc r e q u i r e d  w h i c h  will not  brcak down or o u t g a s  i n  t h e  rnv i ronmcn t  
of o u t e r  s p a c e .  Ttic p r n b l e m  areas  to be c n n s i d e r c d  arc: 

1 .  T h c  gimbal p i t c h  and yaw hear ings  
2 .  Thc gimbal r o l l  bearings 
3 .  T h c  g imbal  d r  ivc  gears 
4 . T h c  i n u r t  i n  l platiornl Ilc.:~r inKs i i f ~ r l  gcat-:; , ;11111 

5 .  A 1  l d r i v e  motors .  



was no t c d  t h a t  t h e  d e p t h  of  overheating varied t h r o u g h o u t  t h e  circumierence 
of t h e  r i n g .  

V I I .  InstrumenL U n i t  

A .  Cuntiral C o r r o s i o n  S t u d i e s  

Corrosirm t e s t s  on stmulated b e r y l l i u m  c o l d  p l a t e s  Imve been 
c u n c l t ~ d c d .  T h i s  t es t  was  n o t  conclusive; however,  there w e r p  intEicaLions 
t h a ~  a1 c o h o 1  w a t e r  s o l u t i o n  w a s  h i g h  in coppcr ions w h i c h  wouLcl cause 
c o r r o s i o n  of  a l l  aluminum components in t h c  Enviranmental Control S y s t u m  
1 E C S ) .  I t  will he necessary to test a r e g u l a r  c o l d  p l a t e  madc from 
b e r y l l i u m  b e f o r e  conclusive d a t a  can be obtained. 

B .  Study of Poss ibLe Gas Evolution in t h e  Envi ronrn~nta l  C o n t r o l  System 

A n  investigation w a s  initiated t o  dcterrnine if t h e  r c a c t i ~ ~ n  of  t h e  
coolant w i t h  t h e  m e t a l  components i s  t h e  cause  aT the pressure hui l d - u p  
kn t h e  ECS.  Approximately 30 r n l  of  gas (50 percent H 2  by a n a l y s i s )  was 
cvcllved i n  34 days by t he  action of 6061-LA141 couples i n  b a t h  i n h i l l i t c d  
and  u n i n h i b i t e d  me thano l .  M a t e r i a l s  t h a t  have been t c s  t c d  previous l y f u r  
c o r r o s i o n  c o m p a t i b i l i t y  i n  60 percent m e t h a n o l  a rc  t o  h e  t e s t e d  s t ! p a r a t ~ l  y 
i n  u n i n h i b i t e d  alcohol water solution Eor hydrogen  cvnl u t ion. T h c r c  h a s  
been no measurablr! amount of  g a s  evolution in the  c y l i n d e r s  c o n r a i n i n g  
t h e  Avco c o l d  p l a t e ,  LA241 specimens, and 6061 i n  e i t h e r  t h e  u n i n h i b i t e d  
o r  i n h i b i t e d  methanol - water so lu t ion  a f t e r  81  days of exposurc.  

C . Instrument U n i t  , P r o j e c t  Mana~emrnt , Materials 

B c c a u s c  o f  a T-VDA failure atLributed t o  reaction o f  h y d r o ~ e n  
(gencratcd by the reaction o f  water and watcr/rnethanol w i t h  ECS components) 
w i t h  pal l a d i u r n - s i l v e r  r e s i s t o r s ,  a review i s  h c i n g  made of p o s s i b l e  corrective 
actians, including replacement of t h e  watcr/rncthanol coolant. A t  t h e  present 
L i m e  replacement of  tlic coo l an t  does not a p p e a r  t e a s i b l e .  Thp necessary 
corrective action i s  being pursucd by A s t r i o n i c s  a d  PEM, 

V I I L .  Apollo Telescope Mount (ATM} 

A .  Investigation of  Contarninat i o n  and Contamination S o u r c ~ s  

The purpose oT t h i s  p ro jcc t  i s  t o  d e t e r m i n e  p n s s i b l c  contarnina t i o n  
or  t h e  ATM experiment, b a t h  d i r e c t  d e p o s i t i o n  of  contaminant materials nn 

o p t i c a l  surfaces and dcgradatinn of t h e  view arca oC t h c  c c l u i p n ~ ~ n t .  

Material s nn t h e  c x t c r i r ~ r  u l  t h c  A p n l  l r ~  C t )~n~n; t r~~ l  M o r l ~ r  l i . ,  1 l ~ r h  A I ) I > I  I I )  

S c r v i c c  Module  , t h c  Lunar E x c u r s i o n  Mocltl l c , ; ~ n d  t l i t h  Ki'M 1):1r.lc;1):t- I I ; IV I .  I r i . t - ~ ~  

~ v ; l  luntc-d by d c t c r m i n i n g  w c b i ~ l l  t loss  a s  a t tlncL i o n  o i  C j t l l t h .  f ( * H I ( I C * ~ ; I ~  

and pressure, a n d  pcr forminf ;  s i m u l  L;~r~cous 111;lss npt.ctrr11 ; I I J ; I ~  y:>i : . .  



approximately 10 h o u r s  f o r  e a c h  of  f i v e  s e p a r a t e  ~ l x p o s i r r ~ ~ s  L O  p r o d u c e  
a m a x i m u m  t o t a l  e x p o s u r e  of  1 r 1011 ergs-gm-1 (C) . Aftcr i r r a d i a t i o n  
and w h i l  c s t i l l  full of l i q u i d  hydrogen (LHz) ,  t h c  v a l v e s  wi l l  h e  checked 
f o r  Leaks a c r o s s  t h e  valve scat. T h e  tank t h e n  will be d r a i n e d  of  LH2, 
and a d e t a i l e d  i n s p c c t f o n  of t h c  t a n k  assembly will be made. The t ank  
t h e n  ui7 1 b e  € il l e d  with LH2 and will h e  i r r a d  i a t c d  a g a i n .  TI] is sequence 
will h c  r c p e a t e d  f o r  each 01 the  Five cycles. In a d d i t i o n ,  a f t e r  each 
i r r a d i a t i o n ,  t h e  t a n k  will h e  acoustically e x c i t e d  w h i l e  it i s  s t i l l  
l o a d e d  w i t h  LH2. 

Thta t a n k  t u  be  used f o r  t h e s c  t c s t s  i s  t h e  108-inch d i a m e k  r insulation 
t e s t  tank manufactured by Lockheed fo r  t h c  RIFT program. A t  t h e  t e r m i n a t i o n  
of  t h i s  program. the tank was s h i p p e d  t o  t h i s  Center and subscsueutly m d e  
available. f o r  t h e  NGTM program. T h e  tcs t valves c u r r e n t l l y  b e i n g  cons idered  
are thc. 17-inch LOX prevalves manufactured by t h e  Whittaker Corporation 
and t h e  AiResearch Div is ion  of t h e  Garrett: Corporation. An 8 - i n c h  LH2 
f i h l  and d r a i n  valve currently used on t h e  S-I1 s t a g e  also is b e i n g  
cunsidered. The valves selected f o r  t e s t ing  w i l l  be m o d i f i e d  h y  replacing 
t h e  presently uscd s e a l ,  lubricant, b e a r i n g  retainer, e t c .  materials w h i c h  
a r e  known t o  be s u s c e p t i b l e  t o  r a d i a t i o n  with r a d i a t i o n  r rs is  tant  materials. 
Discussions are now underway w i t h  Whittaker and AiKesearch cnnccrning 
t h e s e  mod i E i c a t i o n s  . 

ADVANCED RES EARCH AND TECHNOLDGY 

I. C o n t r a c t  Rcsearch 

S u p p o r t i n g  research  ac t i v i t i c s  have continued in t h e  arcas of  t cchno  1 u g y  
anrl wi t l ~  the  cumtractors as s p c c i f  i e d  as for iews : 

A .  Polymer Development and C h a r a c t e r i z a t i o n  

L . S o u t h e r n  Research I n s t i t u t e ,  NAS8-20190 
2 .  \$. R .  Grace  Company. NASw-924 
3 .  National Bureau of Standards, Government O r d r r  11-92 1 20 

E. A d h e s i v ~  Development 

1 . Narrnco Research and Development , NASB-1 LO68 
2 .  Monsanto Research Corporation, NAS8- 1 1371. NASB-20402,  NAS8-ZO~r Oh 

Thrb I:oc inp ,  Company ,  NASX-201 5h 

i). A l l o y  I>cvclluprnent 

Amer ican  Mrlchinrk and F n u n d r y  C o m p a n y ,  N A S 8 -  1 l l hH 



T c s t s  a r e  planned f o r  a number of d r y  f i l m  l u b r i c a n r s  under  vacuum 
c o n d i t i o n s  and o t h e r  p o s s i b l e  simuLated c o n d i t i o n s .  P r e l i m i n a r y  testing 
h a s  started to screen lubricants for the gimbal p i t c h  and y-aw bear ings  
a n d  a number of  standard ball bearings have been o r d e r e d .  'These bcar ings  
w i l l  bc m o d i f i e d  w i t h  various composition r e t a i n e r s  in order t o  t e s t  
these retainer Lubricants. During this period preliminary tests were made 
nn  number 203 h a l l  h e a r i n g s  w i t h  Salox M ,  p o l y i m i d c ,  and Rulon r e t a i n e r s .  
Eear ings  w i t h  a 10-pound t h r u s t  load ,  Lubr ica ted  with molybdenum disulfidc 
(M0S2) powder  and having Salox M cage re ta iners  have  opera ted  under  a 
vacuum n f  3 x lo- '  torr Eor 1101.5 hours .  T h i s  i s  the same h ~ a r i n g  t h a t  
h a d  5610 h o u r s  sunning t i m e  a s  r e p o r t e d  l a s t  month.  Bearings w i t h  a 10- 
pound t h r u s t  l o a d ,  l ~ i b r i c a t e d  w i t h  MoS2 powders and h a v i  g polyirnidc- 

- # bronze r e t a i n e r s  have o p e r a t e d  u n d e r  a vacuum of  5 x 10 t o r r  f o r  98 h o u r s  
and 20 m i n u t e s  b e f o r e  failing. Bearings wiLh  a 20-pound t h m s  t Load, w i t h  
R u l n n  re ta iners  w h i c h  w e r e  r u n - i n  f o r  one hour before tes t  and u n d e r  a 
vacuum n f  3 x lo-' t o r r  du r ing  test  ran f o r  95 hou r s .  The t e s t  w a s  
lesminated because of a malfunction in t h e  driven cam.  The b a l l s  and r aces  
showed snme wear. Bearings w i t h  a 20-pound t h r u s t  load  having Rulon 
r c t a i n c r s  and races coated w i t h  MLF-9 w h i c h  were run-in f n r  one hour be fo re  
t e s t  have ope ra t ed  under a vacuum of 1 x t o r r  f o r  315 h o u r s  w i t h  no 
n o t i c e a b l e  damage. A device developed f o r  measuring t h e  torque on t h e s e  
h e a r i n g s  has been checked out and two more of t h e s c  d e v i c e s  arc b e i n g  
checked against the f i r s t  f o r  r e p e a t a b i l i t y  of results. 

A computer program h a s  been set up t o  c a l c u l a t e  t h e  l r e r t z i a n  
loads on hearing b a l l s  and races due to r a d i a l  and t h r u s t  Loads. T h i s  
p r n g r a m  i s  complctc and has becn ckccked o u t .  

I X .  Nucl e a r  Ground T c s t  Module 

I n - h o u s e  and centractual studies are being pursried to d e w  l o p  t h e  
materials technology required t o  s u p p o r t  the  Nuclear Ground Test Modulc 
(NGTM) . Spec iE ica l  l y , t h e  areas of cryogenic insulat ion, valve sea 1 s , 
t ransducer  ma te r i a l s ,  gimbal and bearing l u b r i c a n t s ,  and induced n e u t r o n  
acLivaLion a r e  b e i n g  ac t ive ly  inves t iga t ed .  

A contract (NAS8-18024) has been initated w i t h  t h e  General Dynamics 
Corporation, Fort Worth ,  (GD/FW) Texas, t o  evaluate the effects of r a d i a t i m  
and cryogenic  temperature on the  mechanical p rope r t i e s  of selected c r y o g e n i c  
i n s u l a t i o n s ,  adhes ive s ,  and vapor b a r r i e r s .  In a d d i t i o n ,  t h e  s t ruc tu ra l  
integrity of t w o  i n s u l a t i o n  systems w i l l  be detcrminod a f t e r  exposury 
t o  a c o u s t i c ,  c ryogen ic  tcrnperaturc, and r a d i a t i o n  stresses .  

A modification t o  c o n t r a s t  NAS8-18024 is b e i n g  nego t i a t ed  t u  i ~ i c t , r l > t ) r ; ~ l ~ .  
t h e  t e s t i n g  01 (1)  a thermal insulation s y s t e m  i n s t a l l c c l  un ;I 1 0 8 - i 1 ? c l 1  
diameter tank, ( 2 )  v a l v e  scal m a t e r i c ~ l s  i n s t a l  l ctl in n ~ ~ ~ r l  i I i crl S ; l L ~ r r l i  v ; ~  l vt.:: 
c t ~ n t c m p l a t c ~ d  f o r  us+., u n  t he  NC'I'M, ant1 ( 3 )  L r;~nsdticc.rs 1 1 1  v n r i t > [ ~ s  l y l ) '  :< wit i JI 
w i  l 1 h c  rcquirerl i n  Lhc i n s  Lrurnyrtta l i r i i r  s y s  lcn~ o r  Ihe  MC;'I'M . ' ! ' I I v  L :IIII< 
assc rnh  ly  cons is  t i n g  o r  t h c  1 ( l # - i ~ i ~ l ~  i n s u l  ~t ~ ' ( 1  and i n s  t r r ~ n ~ c . n l r b ~ E  1 . 1 n k  w i  111 

tllc. test va lves  Locatcd in tlrr! v i c i n i t y  o f  t l7c t a n k  I>o 1 t o m  w i  l l I~rb  Ira:, i l i r l ~ ~ c b t l  

above lhc G D / F W ,  10 megawatt ,  AS'L'R r eac to r  and w i l l  he i r r a c l i a t u r l  Ir)r 



T h i s  reaction has now been completed. From a m i x t u r e  o f  triphenvlanilino- 
s i l a n e  and p-arninophenul i n  10 mole pcrcent  excess ,  at 200°C, one m o l e  of 
aniLine w a s  evolved. T h e  r e s i d u e  was soluble i n  benzenc save f o r  a small 
p o r t i o n  t h a t  was  found t o  be antline hydrochloride w h i c h  may have o r i g i n a  t c d  
a s  an irnpur i t y  in the  p-aminophenul . The r eac t ion  product was recovered 
from t h e  henzfne  solution by c r y s t a l l i z a t i o n  i n  70 percen t  o v e r a l l  y i e l d  a s  
l i g h t  tan crystals melting sharply  a t  152-1 i 3 ' C .  Elemental ,  i n r r a r e d ,  and 
molecular w e i g h t  analyses o f  t h e  p r o d u c t  gave s t r o n g  s u p p o r t  tu t h ~  h c l i ~ b f  
t h a t  i t  possesses t h e  structure shown, namely t h a t  of p - a m i n o p h e n o x v t r i p h c ~ ~ v  1 - 
s i l i c o n .  T h e  w a y  seems to  be  c lear  for t h e  p r e p a r a t i o n  of Polymer A strucL11rr.s 
w h i c h  c o n t a i n  occasional amino groups f u r  r e a c  t i u n  w i t h  cross1 i n k i n g  agen t s  
such a s ,  f o r  e s a m p l ~ ,  di i socyana te  s . 

B. D~vc lopmc-n t  and Characterization o t  P h o s p h o n i  tr i l  k c  Prll ymc-rs 

The accompLishment o f  t h e  structural i d c n  t i f  i c a  t i o n  v f  I h ~ 5  s i n g l e  
somer  o l > t a i n c d  upon treatment of  (PNC12)4 w i t h  N-methyl cvc  lo l icsy  l aminc  

h a s  givcn a d d e d  i m p e t u s  t o  t h e  s t u d y  of  t h e  v a r i o u s  reactions n l  tllis 

d r s i v a t  i v c  w i t h  r ~ a g c n t s  capab le  oC forming suitablc in tc r rn td ia tes  f o r  
ultimate c o n v e r s i o n  t u  l a d d e r - t y p e  p o l y m e r s .  

To t h i s  end  the p a r  t i a l l y  aminated p h o s p h c r n i t r i l i c  c h l o r i d e  
t e  tramer , -trans-PqN4C14(CH3NCbH11)4, h a s  been  t r e a t e d  w i t h  seve ra l  
compounds i n  a n  e f f o r t  t o  produce t h e s e  d e s i r e d  i n t e r m e d i a t e s ,  

I n i t i a l l y ,  t he  - t r a n s  isomer was t r e a t e d  w i t h  phenylrnagncsium 
brornidc i n  refluxing a n k s o l c  f o r  an c i g h t - h o u r  p e r i o d :  

Bnrkup of t h e  reaction mixture gave a 97 pe rcen t  y icPd (13.  P g) of a n  o i l  
w h i c h  was chroma tog raphed  on a c t i v a t e d  a l u m i n a .  E l  u t i u n  wi tli bcnzcne 
a f f o r d e d  10.6 g o f  clcar o i l  w h i l e  cont inued e l u t i o n  w i t h  c t h c r  and methanol 
gave 1.D and 1.4 g of o i l  rcspcctively. Although t h c r c  was s c p a r a t i r , ~ ~  
of s o l i d  during t h e  r e a c t i o n ,  i n f r a r e d  spectra of  a l l  t h e  o i l s  showcd nu 
P-fl absorption a t  I440 cm-I indicating t h a t  t h c  d ~ s i r e d  t y p e  of r i n g  sub- 
s t i t u t i o n  h a d  n o t  occu r r ed .  

In  a n o t h e r  a p p r o a c h ,  t h ~  I', - t r ans  isomer Gas t r e a t e d  w i t h  pl~ibny l 
l i th iurn  which h a d  heen prepared in s i t u :  

Once a g a i n ,  w o r k u p  o f  thc  rcact i o n  rnixturcb gave an o i  l w l l o s r -  i i i l  t - . ~ ~ - r , l l  

s pec t rum showed no P-fl ahsorption h a n d .  



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

1. Aluminum Company of America, NAS8-5452 
2 .  B a t t e l l e  Memorial I n s t i t u t e ,  NAS8-20029 

F .  Composite M a t e r i a l  Development and T e s t i n g  

1.  Douglas A i r c r a f t  Company, NAS7-429 
2 .  M i t r o n ,  Research and Development C o r p o r a t i o n ,  NAS8-20609 

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

Midwest Research I n s t i t u t e ,  NAS8-1540 

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

1 .  Aluminum Company of America, NAS8-20396 
2 .  Na t iona l  Bureau of S t a n d a r d s ,  GO-H2151A 
3 .  Northrop C o r p o r a t i o n ,  NAS8-20333 
4 .  Tyco L a b o r a t o r i e s ,  I n c . ,  NAS8-20297 
5 .  K a i s e r  Aluminum and Chemical Company, NAS8-20285 

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

S t a n f o r d  Research I n s t i t u t e ,  NAS8-20220 

J .  S y n e r g i s t i c  E f f e c t s  of Nuclear  R a d i a t i o n ,  Vacuum, and Temperature 
on M a t e r i a l s  

1 .  General  Dynamics C o r p o r a t i o n ,  NAS8-18024 
2 .  Hughes A i r c r a f t  Company, NAS8-20210 

K . I n s  trument Development 

1 .  B a t t e l l e  Memorial I n s t i t u t e ,  NAS8-11891 
2 .  Canadian Commercial C o r p o r a t i o n ,  NAS8-20529 

11. Genera l  - In-House 

Development of High Temperature B e s i s t a n t  Polymers 

Work i s  c o n t i n u i n g  on t h e  development of c u r i n g  systcms f o r  
p o l y a r y l o x y s i l a n e s  of t h e  Polymer A t y p e .  I n  a n  e a r l i e r  reporL i t  was 
mentioned t h a t  a  t e s t  was be ing  prepared t o  de te rmine  whethc,r f r c c  a m i n o  
groups can  s u r v i v e  t h e  condensa t ion  p rocess  by w h i c h  1'01 ymer A i s  Iorlnc.cl. 
The t e s t  was des igned  t o  a l l o w  equa l  c o m p e t i t i o n  I->cbtwcscn ar l~ i~ lo  ; ~ I K I  Ilydrozy l 
groups i n  a  r e a c t i o n  w i t h  an a n i l i n o s i l a n c .  l f  L t ~ c b  hytlroxyl k;roul)s rc-ac l 
p r e f e r e n t i a l l y ,  t h e  amino group w i l l  remain i r c c  ;r:, show~l i 11 Ll~e I o  l l o w  i I ) > ;  

condensa t ion  of model compounds: 



water, alcohol o r  acetone w a s  suf f i c i c n t  t u  p r o v i d e  r e a s o n a b l e  a d h e r ~ l n c c  
o f  the aluminum. However.  there w e r e  s t i l l  p i n t i o l ~ s  observahLc in t h e  
s t r u c t u r c  - mostly attributable t o  d u s t  p a r t i c l e s .  

T w o  d i e l e c t r i c  materials , sit i c o n  m ~ m o x i d e  and Litanium d i12x ide  
werr- d e p o s i t e d  i n  v a r y i n g  t l l icknesses  . A q u a r t z  crystal oscillator was used 
a s  a dcpos  it i o n  thickness moni tor .  A f i l m  of the  d i e l e c t r i c  was also s i m ~ ~ l  - 
taneausly deposited en a reference s l i d e .  Absnlutc thickness rncasurcmcnts 
w i l l  h c  made on these f i l m s  w i t h  a multiple beam fn te r fe rorne te r .  However, 
several s e t s  n f  t h e  s l i d e s  are well over 2 , 0 0 0  angstroms t h i c k  hccause 
colored i n t e r f e r e n c e  reflections a r e  clearly v i s i b l e .  

Measurements were made o i  t h e  C ]  ~ c t r i c a l  c h a r a c t e r i s  t i c s  o f  several 
of t h e s e  experimental c a p a c i t o r s .  Examinat ion  of t he  t e s t  d a t a  i n d i c a ~ e d  t h a t  
specimens h a v i n g  t h i n n e r  d i e l e c t r i c  C i l m s  h a v e  a 1 n r g c r  c a p a c  iCance t h a n  
t h c  t h i c k e r  f i l m s  w h i c h  would  h e  expected £ r u m  p u r e  I y geometrical c u n s i d e s a -  
t i o n s .  T h c  v a r i a t i o n  w i t h  a p p l i e d  f r c q u c n c y .  Ijigl~ c a p a c i t a n c ~ ~  and h i z h c r  
dissipation f a c t o r  a t  t h e  l owcr  f r r q u c n c i ~ s  was n o t  e x p e c t e d .  Normal 1.7 

t he  changc! w i t h  frequency at c a p a c i t n n c c  is invcrsu to the change t,ri t h  
f r equency  o f  dissipation f a c t o r .  T h e  probahle rcnson  for t h i s  anomalous 
e f l c c t  is t h e  fact that  a d r i v i n g  voltage nT 3 v n l t s  (rrns) was n c e d c d  
a t  500 t i z  and o n l y  I v o l t  ( r m s )  w a s  r equh-ed  a t  I f  k h z .  T h i s  i m p 1  i p s  a 
nun-linear voltage current  relationship, and t h e  t c s t  d a t a  s e v c i ~ l e d  t h a t  
these f i l m s  w re non-ohmic i n  c h a r a c t c r  . 

A 1 1 spec  imens ind  i c a  t cd a s h o r t  upon i n i t i a l  rncasurernen t . Howcvcr , 
some? c n u i d  be  h e a l e d  by passing a h i g h  momentary c u r r e n t  throttgl> the  f ilrn. 
T h e  specimens w h i c h  could n o t  be heated ex11 i b i  ted  c o n v e n t  i on i l l  o h m i c  bc t i av io r ,  
i n d i c a t i n g  c o n t a c t  between upper and lower aLurninurn t i l m s ,  or d i r c c ~  
electron tunneling. It: s h n u l d  he n o t c r l  t h a t  aL1 films less t h a n  3,b00 h 7  
(rneasurcd d i E f c r e n c e )  were s h o r t e d .  

E. L u b r i c a n t  DcvePopmcnt and Evaluation 

A m a j o r  luhricat i n n  problem t o d a y  c o n c e r n s  1 ow tcmpcrature 1 uhrricant s 
i n r  usc i n  a cryogenic environment. A tes t  apparatus Iias b c c n  d e s i g n e d  
and f ab r i ca t ed  f o r  ~ v a l u a  ring greases Ervm +50°F t o  - L O O b F ,  TIJC breal inway 
torque and t h e  relaxation torque can bc measured a t c u r a t f l y  a t  any  s p t b c i l i c  
ternperattire in t h i s  temperature r n n g c .  No test 's rylpre made d u r i n g  ~ l ~ i s  r e p o r t  
p ~ r i o d  due t o  p r i o r i t y  of ATM lubrication t c s t  p r o b l e m s .  

F .  Development and Evalua t ion  oE Meta l l i c  Cornpositcs 

I . Devel oprncnt o f  n 'Tcschni q t ~ c  f r ~ r  Wire Rc* i n r o r c  i ng M;~!'nc.:> i t l i r i  

by Vacurirn T n f i l  l r n t i t ~ n  

As c l i s c ~ ~ s s c d  i n  I;rst nrlnll, ' n  r r h p l ~ r c ,  wl)rk i s  s t  il [ c i ) t ~ l  i l l r l  i ti; :  
~ < l w : i r d s  L l l r .  d c v c l o p m c n t  of 3 r r - i n r o r c ~ h r l  rn;lp,llchs i l f t r l  L . O I I ~ ~ ) I I ~ ;  i L C  hy v;lcr!irrrl 

i n i F l  t r ,~ t  i o n  . Thc  proccdurc  r r ~ r  prc.~)ar i np : ~ n c l  prclcluci nl!, 111 i:: r,l)jrll)rr:, i t 1 

i n v n  lvrms l ~ u n d  l i n g  TOO0 s t r a n d s  o f  11.004- i TIC!I rl  i;-lrrie 1 cr w i  res  (NS.355 ;I l l ~ j y  ) 

and t l ~ ~ n  inserting t h i s  b u n d l e  inLo n 7 / 8 - i n c l l  s t a i n l e s s  stcc.1 t l ~ l ~ r .  . 'I ' lr~. 



T h e  h i g h  degree of  r c a r t i ~ r i t y  of  t h e  l o u r  c l ~ l n r i n ~  a toms  on l h e  
p h o s p h o n i  t r i l  ic c h l o r i d c  ring Led to the s p c c u l a t  ion  t h a t  a1 kosy d ~ r  i v a t  i v e s  

m i g h t  r e a c t  i n  a more s a t i s f a c t o r y  manner t u  givc chc desired s u b s t i t u t e d  
d e r i v a t i v e s .  

Theref o r e ,  t h e  ,.- - t r a n s  isomer was t r e a t e d  with sodium c t h u x i d e ,  
p r e p a r e d  - in -3 s i t u  i n  r e f l u x i n g  e t h a n o l  : 

A 1  though a t h e o r e t i c a l  amount of s a l t  was i s o l a t e d  f r o m  t h e  reaction, 
t h e  p r o d u c t  was an o i l  which could  n o t  be  induced to crystal l i z e .  

A s i m i l a r  r e a c t i o n  w i t h  sodium pheaoxide (C6H50Na) yicldcd only 
u n r e a c t e d  starting material. The bulky -N(CB3) (C6H1 group p r ~ h a b  ly 
11 inrlered r e e c t i o n  w i t h  t h e  aryloxy group. 

C. Dcveloprnent and Evaluation of Materials f o r  Elec c r i c a l  C o n t a c t s  
i-n Vacuum 

Development work and q u a l i f i c a t i o n  t e s t i n g  h a v e  con t inued  on L o w  
r e s i s t i v i t y  brush ma t c r i a l a  f o r  p o s s i b l e  application i n  t h e  environment 
nf  space.  An investigation of t h e  molybdenum disulfide-tantalum (MoS2-Ta) 
s y s t e m  has been initiated. Hot pre s s ing  at  1205'C of  MoS2 compos i t ions  
c o n t a i n i n g  2 . 5  and 5 . 0  volume percen t  addition of Ta d i d  no t  increase 
t h e  d e n s i t y  o r  hardness a s  compared t o  LOO percent MoS2. A single sample 
c o n t a i n i n g  5 volume p e r c e n t  Ta h o t  pressed a t  1370'C attained a fractional 
density (actual density / t h e o r e t i c a l  density) of 0.93 compared to a f ract icxl  a1 
d c n s i t y  o f  0.84  when h o t  pressed at: 1205"C,  The sys tem will be investigated 
f u r t h c r ,  e s p e c i a l l y  with r e g a r d  t o  t h e  e f f e c t  of s m a l l  metallic a d d i t i o n s  
on electrical c o n d u c t i v i t y  and mechanical p r o p e r t i e s .  

Exper imen ta l  h o t  pressing of compositions from t h e  n iobium 
diselenide-silver sys tern has been suspended tcmporartly pen din^ r e c c i p t  
o r  l u r t h c r  information on the brush performance, e l e c t r i c a l  conduclivity, 
dilferential thermal analysis (DTA), and ~her rnograv imet r ic  analysis CL'CA) 
of these materials. 

D .  Invcsti~ation o f  T h i n  Films f o r  Electronic Components 

I n  o r d e r  t o  f u l l y  d e f i n e  t h e  parameters invnlvcd in d c p o s i t i n ~  
c h i n  lilms of dielectric materials, e i g h t  sets of t h i n  f i l m  capacilurs 
wcrc d e p o s i t e d  on g l a s s  substrates. T h e  c a p a c i t o r s  wcrc lormctl h y  ( I )  
d e p o s i t i n g  a 1 - i n c h  by 2 - inch  f i l m  u f  purc alt~rninurn; ( 2 )  rlcp~~:; i L i ~ ) y ,  :I  

1-inch by 1 - i n c h  lilm nl: the dielectric; onrl (7 )  r l c l ~ ~ r s i t i r ~ g  ;I I / ! I - ~ I ~ ( . ~ I  

d i n r n c t c r  c i r c l e  a f  r ~ l u m i n u m  on t h e  diclcctrit . Wi L I I  L \ I  is C ~ J I I L  i~;ur:~t i l l 1 1  

t h c  deposition parameters can he checked ho( 1 1  hy c l c c  tri c-:I 1 c:r()ilci L ; I I I ~ . L ~  

and by c l  e c  trical l c a  kage measurements. En o r d v r  10 l > r ~ > v i c l ~ ~  <I 1111 i l  ~ I ~ I T I  

s u b s t r a t e ,  and eliminate nonunformity a s  a varia l )  l c ,  c;lrcbfu l ; I [  LcrlL i r b t ~  
was p a i d  t o  t h c  c l ean ing  technique employed .  C lodn ing  i n  a s o l u ~ i o n  o l  

sodium dichromate and sulfuric a c i d  with a final r i n sc  w i t h  d i : ; t i l l r - d  



in all. t h r e e  g r a i n  d i r e c t i o n s  and exposed  in t h e  alternate immersion res te r  
f o r  90 days .  T h i s  material w a s  found t o  bc susceptible to s t r c s s  c o r r o s i o n  
cracking in t h e  s h o r t  transverse directi~n (across t h e  parting planel and 
i n  t h e  longitudinal grain d i r e c t i o n  ( p a r a l l e l  t o  t h e  parting p l a n e ) .  No 
failures occurred i n  t h e  long transverse grain d i r e c t i o n .  A d d i t i o n a l  t e s t s  
w i l l  be conducted t o  e s t a b l i s h  t h e  t h r e s h o l d  s t r e s s  Level f o r  t h i s  a1 l e y .  

Studies have continued on t h c  stress co r ro s ion  s t r s c e p t i h i I i t y  o f  
7039-T61 and -Ti54 a l  loy . Failures of specimcns from t h i s  a l l o y  havc. 
o c c u r r e d  i n  t h e  s h o r t  t ransverse g r a i n  d i r e c t i o n  i n  b o t h  tempers. Nn 
failurcs havc occur red  t o  specimens s t r essed  to 7 5  pcrccnt  o f  t h c  y i e l d  
s t r e n g t h  in e i t h e r  t h e  long transverse o r  l ~ n g i t u d  i n a l  g r a i n  directions 
a f t e r  one y e a r  o f  exposure in t h e  alternate immersion tcstcr or the locaL 
a t m o s p h e r e .  The long  range exposure of 7 1 0 6 - T h 3 5 1  and 7139-T6351 aluminum 
alloys in t h e  local atmosphere is c o n t i n u i n g .  

T h c  investigation of t h e  s t r e s s  corrosinn s u s c ~ p t i b i l i t y  O F  2024 
aluminum a1 l o y  i n  3-1 12  p e r c c n  t sodium c h l o r i d c  s u l u t  i o n  (a1 tcrnatc! imm~rsion) 
I ~ n s  bccn terminated. It was found t h a t  th is  solution was ton aggress ive  
f o r  reliable e v a l u a t i o n  n f  t h c  strcss  corrosion surccptihility of t h i s  
alloy. T h f s  rnat~ria l  is b e i n g  evaluated in synth~tic s e n  w a t e r .  

T h e  s t u d y  o f  t h e  s t ress  c o r r o s i o n  susceptibility ef  Ti-6AL-4V i n  
various solvents and o t h e r  f l u i d s  is b e i n g  c o n t i n u e d .  No f a i l u r e s  havc 
occurrcd i n  any nf  t h e  v a r i o u s  f l u i d s  c x c c p t  mcthanol i n  w11icF1 s p c c i m ~ n s  
f a i  Led in 128 d a y s .  F l a t  T i -6Al -4V r ~ c l d e d  s p ~ c i m e ~ r :  ( au tomat ic  T I G )  
s trcsscd to 115 k s i  ( 7 5  pcrccnt of  y i c l d  s t r e n g t h }  a l s o  a r e  b e i n g  e x p o s c d  
t v  v a r i o u s  f l u i d s .  T h e  o n l y  f a i l u r e s  cncounrcrcd a f t e r  t h r e ~  d a y s  o l  
exposure were Fn a b s o l u t c  methanol  . T l ~ c s c  f n i l u r c s  occurrcd ilf t c r  one  
and two days of  e x p o s u r e .  T h e s e  two spec iancns art. bc i n g  s t u d  Ted 
metallographical l y  t o  d e t e r m i n e  soundness o f  t h e  j u i n t  and t y p e  r ~ f  f ailu rc . 

Flat s h o r t  transvcrsc specimens of 2219-T31 and -T81  wcrc chemically 
milled t o  reduce  any stresses on the surface of t h e  spccimens due :a t h e  
mach in ing .  Approximately s i x  m i l s  p c r  s i d e  were removed. R o t h  stressed 
(75 p e r c e n t  of y i e l d  strength) and unstressed specimens were elrposcd f n  t l a t b  

a l  tcrnat~ imrncrsion t es te r  (3 -112 percen t  s o d i u m  chlnride) . l ' he  sp~~ci rncns  
arLL t n  hc removed from test  a f t e r  three ,  f i v c ,  scvcn, and ninc days and 
s u h r n i t t c d  For nondestructive measurements. F l a t  a n n c a l c d  spccimens u i  
T i - 6 A l - 4 V  were stressed t n  75 and 90 percent  o f  t11c y i c l d  s t r c n g t h  in 
absolute m c t h a n o l .  T h e  specimens s t ressed to  91) perccn t  o f  hhc yicald  s t r c a n g : t l ~  
w i l l  h c  rcmovcd a f t e r  five, n i n e ,  and 14 d a y s ,  and Chc s p c c ~ r n c n s  strc-sscd 
t o  7 5  p c r c c n t  o f  the y i e l d  s t r e n g t h  will bc rcrnovcd a I t c r  19, 2 3 ,  a n d  2 8  
d a y s  . These specimcns a l s o  wil l hc submit tcil ir~r variorts nclndcaslrncl ivcb 
rncasurcments . 

Spccirncns of X 2 0 2 1  and X7007 a1 urninurn ;I l l o y s  wcrch st  t-1-xscl l  i n :I I 1 
t h r e e  g r a i n  d i r e c t  ions and exposed in t h c  al tcrna t c  immr  ts i n n  l e s  l l-r  :~ncl 
t h c  l o c a l  a tmospherc  . T h c  alternate irnrners irln t c s  t has 1,cr.t~ ~crtll i n . 11  r.rl . : r r t l  

t h e  results werc r c p o r t c d  previously . T h c  r ~ n  l y C;ii l urc.5 LII;IL have I)csc.n 
cncountored in t h e  local atmospherc  Exposurc t c s  l s  w c s c b  shor t r n n s v r . r s r n  



opyn end of  t h e  rube is immersed into a molten magnesium a l l o y  b a t h  (LA91)  
and a vacuum appl  i c d  t o  the tube, causing the molten magnesium to be drawn 
up into t h e  tube .  Examination of sectioned p o r t i o n s  of  t h e  composite 
i n d i c a t e d  complete  encapsulation of the  steel wires by t h e  magnesium. 
T h e  c e n t e r  s e c t i o n  o f  t h e  composi te  rod w a s  machined t o  L/8-inch d i a m e t e r  
i n  order to remove t h e  s t a in l e s s  s t e e l  encapsula t ion  t u b e  and t he  mechanical 
p r o p e r t i e s  of t h e  composite rod  were measured.  The f o l L m i n g  results were 
obtained: 

Volume of  w i r e  19 ,3  perccnt  
T e n s i l e  s t r cng th  of composite ( ac tua l )  93,000 psi 
TensFle s t r e n g t h  o f  compos i t e  ( t h e o r e t i c a l )  110,000 p s i  
Modulus 01 elasticity 05 cnmpositc 2 6 . 8  x l o G  
Efficiency of cornposfte 8 5 . 2  percent 
S trength/density ratio 967,000 

Mode o f  f a i l u r c  was d u c t i l c  w i t h  m o d e r a t e  wire pu l l -ou t  obse rved .  I n d i c a t i v n s  
w e r e  t h a t  stress t ransmit  taI  to the reinforcement wire through t l i c  rnagnes Fum 
matrix was e s s e n t i a l l y  achieved. Although some dcgradation of w i r e  strength 
w a s  expected (due t o  i n f i l t r a t i o n  temperature a f  & l h ° C ) ,  t h e  s t r c n g t h  t o  
density r a t t o  exceeded that of titanLurn (700,000) . 

S o l i d  State Bonding of  Boron 

A program has been initiatcd t o  deve lop  a boron composite. 
I n i t i a l  c f f o r t s  have been d i r e c t e d  towards d c v i s i n ~  a practical and efficient 
way far w i n d i n g  t h e  boron f i l a m e n t .  However, f i r s t  a t t e n p t s  w e r e  on ly  
partially s u c c e s s f u l .  A new winding f i x t u r e  has  s i n c e  been fabricated 
w h i c h  a l l o w s  t h e  winding t o  b e  done w i t h  minimum handling. Magnesium 
sheets  (0.010-inch thick) are be ing  s i l v e r - p l a t e d  and w i l l  be used 
s u b s e q u e n t l y  as t h e  matr ix  i n  t h e  d i f f u s i o n  bonding o f  a bo ron  filament 
rcFnforced magnesium composite. 

3 .  Development of Tubular Transtion Joints 

E f f o r t s  continued in t h e  deve lopmen t  01 a d i f f u s i o n  l>ondcd 
aluminum to s t a i n l e s s  steel tubular j o i n t  i n  support  o f  P r o j e c t  Thprmo.  
F i v e  1- I /2-incll  diameter aluminum-to-stainless steel  transitinn j o i n t s  
were diffusion bonded, leak checked, and given  a final machining. A 
total of  s i x  f i n i s h e d  1-112-inch joFnts  and s i x  f i n i s h e d  112-inch j o i n t s  
wcrc submitted t o  t h e  Manuf ac h i r ing  Engineering Labora to ry  f o r  wt= l d  i n g  
t es t  f l a n g e  assernblics t o  t h e  joints p r i o r  t o  a mechanical L P S  t cvnil i~gri 
w h i c h  i s  t o  be accemplishecl by t h c  Experirnontal Mcc l lan ics  l l rnncl~  r , l  L l )  is 
1,ahoratory .  I n  a d d i t i o n ,  s i x  s tninlcss s t c c l  p r c s s u r c  11 irrplir:il,yi sw i Lcl~ 
asscmbl i c s  werc d i f f u s i o n  lxmclccl Cnr t h c  l ;xpcr irncnCi11 Mc~clirin i v s  E ; r ; t ~ t r . l l .  

E .  Investigation 01 Stres s  Corros ion  Char : lc tc r i s t j cs  nl' V; l r  i r ~ i r s  A l  t l l y : ,  

Current, tests to d c t c r r n i n ~  t l i e  s t r e s s  co r ros ion  susccpt i l> i l  i t y  uf 
7001-T75 aluminum f o r g i n g s  have been t e r m i n a t e d .  Specimcns f a b r i c a t c r l  i r o m  
"H" beam t y p e  f o r g i n g s  were stressed t o  75 percent  of t h e  y i e l d  s t r c b n g l h  



promising based on p r e l i m i n a r y  t e s t s .  A much broader  t e s t  program h a s  been 
u n d e r t a k e n  i n v o l v i n g  t h e  f o l l o w i n g  a l l o y s  s t r e s s e d  i n  a l l  t h r e e  g r a i n  
d i r e c t i o n s :  2024-T351 - T851, -T4, -T6; 2014-T6; 2017-T4, 2219-T37, -T87, 
-T62; 7075-T6; 7079-T651. 

H .  Developmental  Welding 

T e n s i l e  specimens of e l e c t r o n  beam weldments of aluminum a l l o y s  
2014-T6, 2219-T87, and X7106-T6 have been f a b r i c a t e d  and w i l l  be  t e s t e d  
d u r i n g  t h e  n e x t  r e p o r t  p e r i o d .  E l e c t r o n  beam weldments of t h e s e  a l l o y s  
a l s o  have been submi t t ed  f o r  m e t a l l o g r a p h i c  examina t ion .  The m e t a l l u r g i c a l  
s t r u c t u r e  of t h e  weldments w i l l  be c o r r e l a t e d  t o  t h e  mechanical  p r o p e r t i e s  
i n  a n  e f f o r t  t o  de te rmine  meaningful  r e l a t i o n s h i p s  between m e t a l l u r g i c a l  
s t r u c t u r e  and mechanical  p r o p e r t i e s .  

The i n v e s t i g a t i o n  of t h e  w e l d a b i l i t y  of X7007 and X2021 aluminum 
a l l o y s  h a s  been t e m p o r a r i l y  de layed  because  of a  m a t e r i a l  s h o r t a g e .  
M a t e r i a l  i n  112- inch and 118- inch t h i c k n e s s e s  of b o t h  a l l o y s  has  been o rdered  
t o  p rov ide  f o r  c o n t i n u a t i o n  of t h i s  s t u d y .  

The program t o  compare t h e  weld c r a c k  s u s c e p t i b i l i t y  of v a r i o u s  
aluminum a l l o y s  h a s  been t e m p o r a r i l y  d i s c o n t i n u e d ,  a w a i t i n g  procurement 
of r e q u i r e d  m a t e r i a l s .  No weld ing  o r  weld e v a l u a t i o n  was accomplished 
d u r i n g  t h i s  r e p o r t  p e r i o d .  

I .  I n v e s t i g a t i o n  of D i e l e c t r i c  P r o p e r t i e s  of M a t e r i a l s  

De te rmina t ion  of t h e  c o n d u c t i v i t y  of RJ-1 a s  a  f u n c t i o n  of 
t e m p e r a t u r e  and a d d i t i v e  (ASA-3) c o n c e n t r a t i o n  i s  c o n t i n u i n g .  T e s t s  
have been completed on samples a t  t empera tu res  from 5  t o  60°C w i t h  a d d i t i v e  
c o n c e n t r a t i o n s  from 0  t o  80 ppm. 

The v a r i a t i o n  of c o n d u c t i v i t y  w i t h  t empera tu re  appears  t o  i n d i c a t e  
t h a t  t h e  ASA-3 i s  i n c r e a s i n g  c o n d u c t i v i t y  by charge  c a r r i e r  a d d i t i o n .  
C o n d u c t i v i t y  of pure  RJ-1 v a r i e d  by a  f a c t o r  of 1 0  over  t h e  t e m p e r & t u r e  
r a n g e  from 5  t o  60°C ( i n c r e a s i n g  w i t h  t empera tu re )  w h i l e  t h e  samples w i t h  
a d d i t i v e s  v a r i e d  from a  f a c t o r  of 3  t o  5  o v e r  t h e  same tempera tu re  s p a n .  

J .  Development of Nondes t ruc t ive  Techniques f o r  E v a l u a t i n g  M a t e r i a l s  
and Components 

A p r o j e c t  h a s  been i n i t i a t e d  t o  deve lop  a  s u i t a b l e  l a b o r a t o r y  
a p p a r a t u s  f o r  measurement of t h e  r a t e  of c r a c k  p ropaga t ion  i n  m e t a l s  
s u b j e c t e d  t o  s t r e s s  c o r r o s i o n  environment .  T h e  a p p a r a t u s  i s  nccdctl  ior 
e x p e r i m e n t a l  s t u d y  of t h e  i n £  luence  of s t r e s s ,  r c , ac t ive  crlviro~lnlc~nLs, 
t e m p e r a t u r e ,  e t c .  on t h e  r a t e o f  c r a c k  p ropaga t ion .  I t s  e v e n t u a l  u s e  i s  
f o r  t h e  s t u d y  of t h e  mechanism of c r a c k  p ropaga t ion  i n  aluminum a t  
t h e  g r a i n  boundary l e v e l .  The a p p a r a t u s  f o r  t h i s  p r o j e c t  has  been 
d e s i g n e d ,  assembled and checked o u t  f o r  soundness of p r i n c i p l e .  
D e f i c i e n c i e s  have been d i s c o v e r e d  which would cause  L t c  a p p a r a t u s  to  be 
u n r e l i a b l e  f o r  t h e  extended o p e r a t i o n  r e q u i r e d .  A mot1 i l i c a t  i o n  L o  Lhe 



XiU07-Tt jE136 a t  stress loads  as l o w  a s  1 0  k s i .  T h e  a t n ~ o s p l ~ c r i c  tes t  
has been  in progress f o r  13 months.  

A l l o y  321 s t a i n l e s s  s tee l  tub ing  wehded a r t  brazcd t n  NAA,  Gcnc rn l  
E l e c t r i c ,  and hero t y p e  fitting h a s  been rcmovcd f rom test a f  ~ e r  180 days  
of  csposure i n  t h e  alternate immersion t es te r .  T e s t  results i n d i c a t e d  
t h a t  t l icsc fittings are  rcsi s t a n t  t o  stress corrosion cracking under  he 
ccjnrl i  t i  ~ l n s  of thcsc  t c s  ts . 

' rests arc c o n t i n u i n g  i n  thc!  evaluation of  t h e  s t r e s s  c o r r o s i c l n  
s u s c ~ p t i h i l i t y  of Alrnar 362,  15-7PH, 17-4PH. and PHIS-8Mo (air and vacuum 
melt}. The alloys are being tested in t h e  f o l l a q i n g  h e a t  treat c o n d i t i o n s :  

1. Almar 362 - 100QoP f o r  thrce h o u r s  
2. 15-7PH - W950 and RIf1050 
3 .  17-4PH - R900 
4 .  PH-14-8Mo - SRH950 and SRH1050. 

F l a t .  t h readed-end  t e n s i l e ,  and C-ring specimens stressed i n  t h e  longitudinal, 
l u n g  transverse, and transverse grain d i r e c t i o n s  to 75 and 100 percen t  o f  
t h e  y i c l d  strength arc b e i n g  t e s t e d  i n  t h e  alternatc immers ion  t e s t e r .  
A l l o y  15-7PH w a s  found t o  be  susceptible t o  s t ress  corrosion cracking i n  
a1 L t h r e e  g ra in  d i r c c t i o n s  as r e p o r t e d  in t h e  l a s t  progress r e p o r t  . T h c  
o n l y  o t h c r  failures c n c o u n t t r e d  havc been threaded-end spec imens  n f  17-4PR 
a l l n y  s t ressed in t h e  transverse gra in  d i r e c t i o n  t o  L Q O  p e r c e n t  o f  t h e  y i e l d  
s t r c n g t l i  (183 k s i )  w h i c h  f a i l e d  i n  50 t o  90  d a y s .  Thc test has  been i n  
p r o g r e s s  f o r  L O 3  days.  

T h e  stress  currosion susceptibility of H-11 s t e c l  i s  b e i n g  i n v c s t i -  
gntcd.  T h e r e  has been  no change i n  thc  t e s t  r c s u l t s  s i n c e  t h e  Last r e p o r t  
i 0 : r ~ ~ p t  t l ~ a t  u n e  c o a t e d  speclrnen stressed i n  t h c  t ransverse  g r a i n  clircc t i n n  
t t l  90 pvrccnt of t h e  y i e l d  s t r e n g t h  f a i l e d  i n  h7 days.  B o t h  t h c  a1  l t ~ r n a t r l  
imrncrsion and loca l  atmospheric exposure tes ts  have been in progress Tar 
t h r c e  m o n t h s  . 

Spccimcns o f  A r d c  low silicon 301 s t a i n l e s s  s t c c l  cryogenically 
s t r c t c h c d  t o  nominal  240 ksi a re  b c i n g  s t u d i e d  for stress  corrosion 
s u s c c p ~ i b i l i t y  i n  t h e  aged (20 h o u r s  a t  4 2 L ° C  in a i r )  and unagcd condit i n n s .  
The  specimens were passivated according t o  an Arde s p e c i f i c a t i o n  (AE 8254 
s o l u t i o n  A ) .  Longitudinal specimens stressed t o  75 percen t  of the y i e l d  
s t r c n g t h  (unaged 184 ksi and aged 196 k s F )  a r e  be ing  exposcd i n  t h c  
altfrnatc immersion t e s t e r .  There have been no faiLures in 14 days n f  
exposure. 

because of  t h c  exccssivc amclunt n f  ~ i ~ n ~ ~ r a l  s~tri;rcr col - rr?s i r z l l  

enr.:oun t c r cd  i n  t h c  s t r e s s  c o r r o s i o n  tcs ling; r,i' ;l l ~ i r l i i n ~ i ~ i ~ - c . t l p l ~ c ~ r  , I!  l o y : ,  i l r  

3 .  5 p c r c c n t  sodium chloride, a murc srrit  ah l cn t c s L  nlcdi t t ~ n  f c ~ r  I l l c .  :I I I ~ - I - I I : ~ I  4 ,  

immers i r ~ n  t c s  t c r  is bc ing  i n v c s t  i g a t c c d .  S y n l l l c t  i c  s c ; ~  w a t v r  : ~ l ) l l c . : ~ r t . r l  v i v r v  



Again i t  w a s  found t h a t  the  s lowest  speed r c s u l  t e d  i n  t h c  largest 
c r y s  t a l l i  t e s .  Severa l  s l o w ,  s i n g l e  passes *re made w i t h  somc improw rnent 
evident ,  bu t  not  su f f  i c i cn t  t o  warrant con t inua t ion .  F i n a l l y ,  t h e  
sys tem was p l a c e d  on automatic, and L2 zone passcs  w e r e  made at the sLuwcst 
speed. Etching and subsequent examination o f  the  i n g o t  r evea led  several 
l a r g e  crystallites ( a p p r o x i m a t e l y  I cm x 1 crn x 4 cm)  . This i n d i c a t e d  
t h a t  s p u r h ~ u s  nuc lea t ion  may bc due t o  an i m p u r i t y  c o n c e n t r a t i o n .  F u r t h e r  
zone r e f i n i n g  will b e  done b e f o r e  attempting crystal growth  again.  

Due to limitations on s p e e d  w i t h  t h c  RF induct ion  a p p a r a t u s  a 
t h i r d  technique was  t r i e d .  Rismuth is scaled i n  a pyrex tube and suspcndcd 
vertically i n  a v e r t i c a l ,  tubular resistance-heated furnace. The f u r n a c e  
is programmed to provide a temperature gradient down its length with t h e  
h o t t e s t  zone  at t he  t o p ,  a modif ied  Eridgrnan t t c h n i q u c .  The t e m p e r a t u r e  
of t h c  fu rnace  is ra ised sufFiciently t o  melt t h e  i n g o t ,  and then l o w e r e d  
vcry s l u w l y  hy means o f  a n  e l e c t r o n i c  c o n t r o l  c i r c u i t  and an a u t o m a t i c  
set  point  u n i t .  The b o t t o m  t i p  of t h e  ingot shou ld  crystall i z e  i i r s  t and 
produce a p re Ie ren t ia l ly  o r i en t ed  c r y s t a l .  The f i rs t  attempt w i t h  this 
method produced s p u r i o u s  nucleat i o n .  Anothcr a t t e m p t  w i l l  kc msdc 
h i t h  more  h i g h l y  p u r i f i e d  b i smuth .  

L . Development and Evaluation o f Z i g h  t w e i p , h t  Ceramic Foams 

E f i o r t s  have continued t o  d e v e l o p  L i g h t w e i g h t  ceramic foams f o r  use 
a s  cryogenic  i n s u l a t i o n s .  Hydrogen pe rox ide  is b e i n g  i n v e s t i g a t e d  a s  a 
foaming agent f o r  sodium silicate-based Foams. Initial attempts to use 
hydrogen p e r o x i d e  as a foaming agent resulted i n  foams w i t h  very poo r  
microstructures, indicating that t h e  viscosity of t h e  foam m i x  was n o t  
sufficient to con t ro l  t h e  foaming r a t e .  Pyrcx wool was dissolved i.n the  
sodium s i l i c a t e ,  hy boiling, to increase i t s  v i s c o s i t y .  The resultant 
m i x  could be Learned at temperatures above L 2 L ° C  [25QoF) ,  p roduc ing  a 
comparatively s t r o n g  f o a m  with a r e l a t i v e l y  un i fo rm micros t r u c  ture and  a 
d e n s i t y  o f  approximate ly  1 2  pounds p e r  cubic f o o t .  T h l s  a p p r o a c h ,  w i t h  
and w i t l i o u t  t h e  u s e  of hydrogen p e r o x i d e  as a foaming agent ,  w i l l  bc 
investigated f u r t h e r .  

SmaP L amounts o f  bentonite w e r e  added Lo t h e  p h o s p h a t e -  bonded 
f oams  t o  c o n t r o l  the  foaming action d u r i n g  release o f  the carbon diosidc 
foaming g a s .  The bentonite additions appea red  t o  s t a b i l i z e  the foaming 
r a t e ;  however, t h e  s t r u c t u r e  of t h e  foams stiLl contained la rge  b u b b l e s .  
Small amounts of surface  a c t i v e  agent  (T r i ton  X-100)  w e r e  a d d e d  t o  t h e  
f o a m  n i x  ta reduce t h e  bubble s i z e .  The desired r e su l t s  werc ohtaincd 
partially; however, t h e  T r i t o n  X-100 incrcasud t h ~  s e t t i n g  time , ;3 l l i ~ w i n l :  
some collapsing o f  t h e  f o a m s .  

E f f o r t s  w e r e  undertaken ta  producc ;I l i g l ~ t w e i g l i t  T[>;lrn Ily h o ~ l t l  int: 
s i l i c a  microballoons with monoaluminum p h o s p h a t e  (ALKAPIIOS C ) .  I ; [ I ~ I I I I S  w i L l !  
good mechanical strength and rnicroporc s t r u c  t u r c  wcrc r ~ l ~ l n i n c ~ r l ;  I l [ ~ l u t ~ v c ~ r ,  

tllrhy had densities in the  1 6  t o  1 7  p o u n d s  p c r  c t ~ l ~ i c  foo t  r any ;u ,  w l i i c \ ~  is 
approxima t c l y  t w i c e  t h e  d e s  i r c d  dens  i t y  . 



r ~ l c o r d e d  signals h a s  been m a d e .  The method of bonding t h e  u l t r a s o n i c  
c r y s t a l s  h a s  proved u n r e l i a b l e ,  and a new method h a s  bcen found. 

S t r e s s  co r ros ion  cracking of h igh  s t r eng th  a l l e y s  i s  a major 
problcm i n  t h e  aerospace indus t ry  and with several S a t u r n  components 
i n  particular. A cur ren t  in-house program involves t h e  nondestructive 
rncasurcrncnt o f  changes i n  material p r o p e r t i e s  c a u s ~ d  by s tress cor rns  ion. 

ELcctromagnct ic  and uktras~nic measurcmcnts arc b e i n g  madc u n  
2219-T31 and 221 9-T8L aluminum specimens w h i c h  prrvinusly h a d  b c e n  
stressed to 75 percent  o f  y i e l d  and s u b j e c t ~ d  to t h e  alternate imnlersivn 
in s a l t  water f o r  various lengths of time t o  i n d l ~ c e  s t r e s s  c o r x n s i o n .  
T h i s  ser ies  of  measurements is be ing  made on chemica l ly  m i l l c d  specimens.  
Chemica l  milling w a s  initiated t o  improve t he  surface f i n i s h  and t o  remove  
surfacc stresses. Surface s t r e s s e s  caused by machining are known t o  be 
h i g h  and t o  be v a r i a b l e .  The great: v a s i a b i l  i t y  i n  t i m e  requirerncnts 
f u r  s t ress  c o r r o s i o n  c rack ing  to occur i s  believed t o  h e  caused in Large 
mcasurc by these residual surface stresses.  

Stress c o r r o s i o n  s t u d i e s  involving Ti-6A1-4V material h a s  been 
i n i t i a t e d  d u r i n g  this r e p o r t  p e r i o d .  Thcsc are  p r e l i m i n a r y  t e s t s  d e s i g n e d  
t o  dctcrmine the feasibility o f  nondcs tructively d e t e c t i n g  stress c o r r o s i o n  
"rlamage" in titanium. 

K .  L n v ~ s  t i g a t i o n  of Thermoelectric Materials 

Thc  purposc of t h l s  p r o j e c t  is to dcvclop methods l o r  xonc 
rrrining materials t o  e x t r e m e  p u r i t y  and t h e n  devc lop  techniques f u r  g rnwing  
Large singlc c r y s t a l s  of metals  and cnrnpotinds f o r  research on t h v s c .  m a t e r i a l s .  
S i n g l e  c r y s t a l s  w i t h  c o n t r o l l e d  d e f ~ c t s  and i m p u r i t y  g r a d i e n t  Jistributi~n 
w i l l  be  grown. 

I n  an attempt t o  produce Large s i n g l e  c r y s t a l s  of b i s m u t h ,  scvcral 
m c ~ h o d s  w e r e  t r i e d .  The f i r s t  method w a s  thc Bridgman t echnique ,  w h i c h  
i n v o l v e s  m e l t i n g  t h e  bismuth i n  a ver t i ca l  c y l i n d r i c a l  g r z p h i t c  su sccp to r  
by W i n d u c t i o n  hea t ing .  The crucible i s  lowered  s l o w l y  o u t  o f  the  hcatcd 
zone and allowing t h e  bismuth t o  begin c r y s t a l l i z i n g  a t  the  bottom in  the  
c o n i c a l  t i p .  T h i s  method was t r i e d  several t i m e s  w i t h  varying con ica l  t i p  
angles and va r ious  rates oE withdrawal.  However, even a t  t h e  slowest speed 
possible (2 cm/hr)  there was no i n d i c a t i o n  t h a t  growth of a s i n g l c  c r y s t a l  
by t h i s  t e c h n i q u e  was  poss ib l e .  The second method t r i ed  was h o r i z o n t a l  
refining-zone Leveling. Duc t o  t h e  relatively l o w  t h ~ r r n a l  concltlctiv i t y  
o f  b i s m u t h ,  a t t a i nmen t  of an approximately f l a t  s o l i d - l i r l u i d  z,lnal i n t c * r l ; t c c  

is p o s s i b l e  if trhc. w a t l s  of t h e  h o r i z n n t a l  rrucil , lcL arcb WI'!  I i l ~ s ~ ~ l ; ~ t t ~ c l .  

Fr) r  t h i : ;  rcascm a hornn n i t r i d e  c r u c i b l e  w i  111 ;tst)r*s t o 5  I ;tf)c. I I r k ,  :; i t l c - : :  
ar?d t ~ o l  t o m  was uscd  . Cooling w a s  accorrlpl i s b ~ v r l  I ) \ /  I )  l i ~ c  i 1 1 , ;  rlljt. t . 1 ~ 0  1 1 1  

t h y  c r u c i b l c  nn a sLecL har which  cxtcnclcd 1>11Lsi r l rb  r l l -  1111. I ~ c - ; ~ l c . r l  , l r i m < ~ .  



Th c 11 n w i  ng s p e c i f i c a t i o n s  , documents , o r  r e p o r t s  werc rcvicwcd , 
and comments were forwarded, where appropriate, to responsible individuals 
or organizations: 

I .  Revised e i g h t  TBC welding specifications. 

2 .  NAS-536Hu - Inser t  th readed  metal, self-locking, noa  se l f -  
locking. 

3 .  S&ID - MA0608- O O P B ,  MD- 1 and MD- 1 A ,  "Appl ica t ion  of Organic 
F i n i s h e r  to Saturn S - I 1  Stage and G S E  .'" 

4 .  S&ID - M0610-00L6, MD-IA, '?Methods of Clcaning and Cleanliness 
Requirements f o r  Saturn S-I1 F u e l  and O x i d i z e r  Tanks . " 

N. Li te ra tu re  Survey 

Surveys  o f  the pertinent literature have been i n i t i a t e d  and are 
continuing on the following subjects: 

1 .  Radiation effects  on engineering materials 
2 .  Vacuum ef fec t s  on engineering materials 
3. Lubricants and lubricity 
4. High and low temperature resis tant  polymers 
5. Stress co r ros ion  on structural a l loys  . 



MONTHLY PRODUCTION REPORT 

MATERIALS DIVISION 

MARCH 1 ,  1967  THROUGH MARCH 31, 1967 

I. Rad iog raphy  

F o r t y  miscellaneous p a r t s ,  components, and  t p s t  specimens were i n s p e c t e d  
by r a d i o g r a p h i c  techniques d u r i n g  t h i s  r e p o r t  period. 

11. Photography 

Engineering Photography 9 1 413 
M e ~ a  l l o g r a p h y  and Frac tography  258  103 3 
M i  s c ~ I  1 anccrt~s Pho tog raphy ,  

processing, copywork,  e t c .  149 8 6 8 

111 . Mural lurg i  cal  a n d  Metal lograph ic Tes t i . n g  

A .  An explosively bonded aluminum-titanium composite from Rattelle 
Memorial I n s t i t u t e  was s t u d i e d  metallographically. ! 3 i f f u s i o n  hond i n g  w a s  
accomplished along t h e  bonded i n t e r f a c e .  A precipitatc a l s o  w a s  ohse rvcd  
in the I.rond zonc . I-Iardness traverses ac ros s  t h e  sample i n d  i c a  tcd  clecrcased 
hardness in t h e  1100 aluminum portion of t h e  cornpositc and increased  
h a r d n e s s  in the titanium m a t e r i a l .  

B. Assistance was provicled i n  t11c sc1i.c t i o i l  r , C  material a n d  h ~ a t  
treatment f o r  a spring application a t  -423°F ( - 2 5 3 ° C ) .  TnconeL 718 (AMS 5 6 h 4 )  
was s c l c c t e d  w i t h  a 1950°F ( 1  066'C) s o l u t i o n  anneal and a 140O01; (760°C)  
1 0  l70urs t o  12110°F ( b 4 q ° C )  ( t n t n l  of 20 hours) age .  S ~ l c ~ c t i n n  o r  m a c h i n i n g ;  
o l  t l ~ c  s p r i n g  i n  t h c  age h a r d e n c d  o r  anncaletl, condition wi S T  hc. up L o  t h v  
dcsigncr . A s t r e s s  r c l i c r  (&5/I0F (454°C) Eor one h o u r )  was r c c u m n ~ c n d ~ ~ c l  o n  
compl c t i r ~ n  of  tlie spring f a b r i c a t i o n .  

C. ASME Hailer  and Pressure Vessel C o d e ,  Section V I I I  v a s  r c v i c w c d  
and cornrncnts were f u r n i s h e d  r e l a t i v e  t o  t h e  Cabrication n f  a l i q u i d  
hydrogen h e a t  exchanger. 

I). I n  support of  the  John E . K c n n r d y  Space Fl i gh t C c n l v r  (KSI:) IUII I t c h l !  

s t e e l  s l a y  spatter was sirnulatrrl on stainless s t c c l  Tor c~~rrosirrn : : ~ ~ ~ t l i r l ~ .  

E . S t a i n 1  c s s  s t r ~ e l  caps  were r:l cu iron hr .nm wcv f t l cc l  I r t  11 l nt -  I I I - L ~ ~ . : : I ~  r c 3  

s u r g e  v a l v e s .  Welding p r o c e d u r e s  wcrc t l u v c l [ ) p c d  :inti s ; ~ ~ i s l ; ~ r ~ l o r v  w t - l t l s  
wcrc mado i n  cvcry case.  



IV. S p e c t r o g r a p h i c  A n a l y s e s  

T h r e e  hundred and t h i r t y - n i n e  determinations were made on forty-nine 
samples ,  and t w o  hundred and t h i r t y -  t w o  s t a n d a r d  determinations were made. 

V - In£ rared Analyses 

T h i r t  r en  qualitative analyses wcre made by i n f r a r e d  techniques  spec imens  
of Insulcork h i n d e r ,  Dynatherm 4 3 2 7 ,  a i r  r e s idue  f r o m  vacuum sys tem,  and an 
cxperimen tal pol ymcr . 

VI. Chemical Analyses 

D t t c r m i n a  t ions 

methanol samples f o r  water 
metal samples f o r  

carbon 
chromium 
phosphorus 
sul f u r  
n i c k e l  
hydrogen 
oxygen 

p o l y m e r i c  samples  f o r  
carbon 
h y d r o g e n  
c h l o r i n e  
nFtrogen 
s i l  i con  

L i t h i u m  t r i p h e n y l m e t h y l a r s o n i u m  For 
li thiurn 
carbon 
hydrogen 
nitrogen 

gas sample s f o r  
nitrogen 
oxygen 
argon 
carbon d i o x i d e  
hydrogen 
m e  thane 
h e 1  ium 

V I L .  P h y s i c o  Chemical Analyses  

d e n s i t y  of 
RP-L fue l  
MIL-M-5606 o i l  



v i s c o s i t y  of 
MIL-H-5606 oil 
RS-1 fuel 

hea t  of combustion of m a t e r i a l s  
from A p o l l o  capsu le  

pH of s o i l  samples 
molccuPar w e L g h t  o r  exper imenta l  polymcrs 

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

Itcma 

molded and e x t r u d e d  
cernen t e d  
p o t t e d  
c o a t e d  
f a b r i c a t e d  

LX . Electroplating and Surface Treatment 

c Leaned 
p l a t e d  
c h e m i c a l l y  s t r i p p e d  
chcmically m i l l e d  
s a l t  s p r a y  t e s t e d  

X. Development Shop  Production 

A .  A t o t 3 1  of  4 , 9 7 2  man-hours, d i r e c t  Labor, was utilizcd d u r i n g  
t h i s  p e r i o d  f o r  machining, fabricating, and welding. 

B .  Onc thousand four  h u n d r e d  and s i x t y - n i n e  m a n - h o u r s ,  approx irnatc ly 
2 9 . 5  percent  of t h e  t o t a l  man-hours w e r e  devoted t a  productive cf  i u r c  n f  a 
non-routine nature and a p p l i e d  t o  t h e  work orders  1 i s t e d  be1 nw. 

1 . Six- Inch U .V . Camera As sernhly 

Design changes a r e  being made i n  film mechanism of t h e  6- inch 
U .V. camera assembly.  

2 .  ~ a c k / P a ~ l o a d  Module 

Ac t iv i  t y  on t h c  R:bck/Paylr>ilil r n ~ l d ~ ~ l  cl i s  s t  i l l t l ~ - l  ; ~ y c v l  ~ r c % i ~ < l  i IIL 

des ign  r e l c a s o .  

Components of t h e  accumulater asscrnbl y are hihing  : ~ s s c - m l ~ l  ccl . 



4 - X-Ray / A S  trononly Assembly 

The X-ray astronomy assembly is a p p r o x i m a t e l y  50  p e r c e n t  
cnmpl e tc . 

5. Telescop ing  S k i r t  Extens inn, 3 -2  Engine  

Drawings have been re leased  f o r  t h e  t c l  c scop ing  s k i r t  Lor t h e  
5 - 2  Engine,  and work has been s tar ted .  

6 .  LHe-LHq-Cryos t a t  

J o i n t s  of t h c  M e - L H 2  c ryos  t a t  are b e i n g  w e 1  tied and chcckcd 
Lor leakage. 

7 .  S- I1 Pre-Valves 

F a b r i c a t i o n  of S - I1  Pre-Valve components i s  in p r o c e s s ,  hu t  
t h e  valves have  n o t  h e c n  r e c e i v e d .  

8 .  T e s L  Fixture - Experiment 

T h e  test  f i x t u r e  f o r  f l i g h t  exper iment  $2 has b e e n  completed 
a n d  delivered. 

XI. Miscellaneous 

A .  One 2 & x  36- inch  T e f l o n  s h e e t  was surface  t r e a t e d  Tar ManuIacturing 
Engineering Labora tm r y  . 

1 3 .  MT,P-9 d r y  f i l m  l u b r i c a n t  w a s  a p p l i e d  t o  s evc ra l  components f u r  
T e s t  Laboratory. 

C. Twenty-eight i t e m s  of s tee1 and twenty  items of ~ i k a n i u r n  a1 l o y  were 
h e a t  t r e a t e d  during t h i s  r e p o r t  p e r i o d .  

1 . Pub 1 icat ions 

Lovoy , C . V . : Cnnsidera  t i o n s  a n  Weldments in Two Precipita t inn  
Hardening Aluminum A l l o y s ,  IN-P&VE-M-67-2, March 10,  1957.  



GEORGE C. MARSHALL SPACE F'LIGHT CENTER 

MONTHX,Y PROGRESS REPORT 

VEHICLE SYSTEMS DIVISION 

(March 1, 1967, through March 31, 1967) 

SATURN IB 

I. S-IVB Stage 

Cold H e l i u m  Sphere Replacement 

An investigation was started t o  determine what changea might 
be required to s u b s t i t u t e  en MSFC furniehed steel  sphere for the 
present  titanium sphere i n s i d e  the S-IVB stage LH2 tank. 

B. Propellant Dispersion System (PDS) 

The bas ic  concept for t h e  S-IVB-209 PDS redesign wan 
accepted. Vehicle  breakup conditions are being studied and 
def ined .  S t u d i e s  have been completed on the location of 
redundant primacord trains to ensure S-IVB stage destruction,  and 
the maximum separation d i s t a n c e  between the charge and the LO2 
tank bulkhead under a SOo per second relative tumble rate  
between the S-IYB and S-IB Stages. 

11. General 

A. Weight Sta tus  Reports 

The fallowing reports were completed and d i s t r i b u t e d :  

The monthly weight  tatu us report for a l l  Seturn IB 
vehicles. 

The d e t a i l  weight status report for the Saturn IB 
operational launch vehfc le .  

The quarterly d e t a i l  weight atatug report for Satuxn IR 
vehielea. 



B. P r e d i c t e d  Mass Characteriatica 

The following documents were completed and d i s tr ibuted:  

The preliminary predicted masa charac t e r i e t i c s ,  guidance 
cuto f f ,  for AS-208, 

The p r e d i c t e d  maes characterietica, guidance 
cutof f ,  for AS-207. 

The pre l iminary  predicted m a s s  characteristics, depletion 
cutoff, for AS-209. 

The f i n a l  predicted mass characteristics, deple t ion  cutoff, 
for AS-204/ZM-l con£ iguration. 

The f i n a l  pred i e t e d  m s s  characterfstics, deplet ion cutof f ,  
for AS-205. 

SATURN V 

1. S - I C  Stage 

A. Umbilicals 

Test ing was conducted a t  the MSFC service arm and utnbiltcal 
test  area on the tail service mast (TSM) for mobile l auncher  (ML) 
3 utilizing aft u m b i l i c a l  t e s t  units. The t e s t s  were conducted in 
accordance with the revised test requirements sta ted  in 
memorandum R-P&VE-VOU-67-33. These requirements are based on 
maximum TSM mislocation and t h e  latest  available vehicle d r i f t  
curve information. All tests were auccessfuk. 

S - I C  Flush and Purge Setvfcex 

1. Testing of the 35-gallon turbopump bearing preservative 
unit (TPBU) has i d e n t i f i e d  a potentkal problem concerning the 
ability of the unit to perform its funct ion under adverse weather 
conditions. Tests were accomplished, d a t a  reviewed, and determination 
made t h a t  more t e s t i n g  is needed. The following are examples of 
why more testing is necessary: 

The uni t  was f i l l e d ,  exposed to ambient temperature 
at 380F. and an attempt made to recirculate the preeesvation o i l  
(MIL-C-14201). Flow could not be initiated. The u n i t  waa 
allowed t o  warm up t o  40'~. a t  which t i m e  flow was obtained; 
however, amperage reading a t  the pump was noted to be 70 
amperea. 



me unit was exposed to varied temperature conditions 
to test t h e  capability of t h e  TPBW to re te in  the f l u i d  temperature 
for an  extended time ( f l u i d  temperature soak transients). 
Additional testing i s  necessary t o  further define unit capability 
and e s t a b l i s h  change requirements. 

2. During turbopump preservation t e s t s ,  the  transformer 
supply ing  power to  the 115 vo l ta  a l t e r n a t i n g  current (v .a  . c .  1 
utility outlets was overloaded and burned out. Investigation 
revealed that there is no over load protection for this 
transformer. A request h a s  been made that action be taken to 
prevent the use of 110 v . a . c .  outlets on the f lush and purge 
servicers u n t i l  an engineering change proposal (ECP) to  
provide overload protection for the outlets is incorporated. 

C. Acceptance Tests 

Acceptance tests were completed on the following 
equipment : 

Pneumatic checkout rack assembly 1. 

A f t  umbilical number 2. 

The l i g h t  weight manual actuator u n i t  number 1. 

The engine actuator power pack unit. 

I n t e ~ r a t i o n  Test Requirements and Speciftcations 

The following i n t e g r a t i o n  test requirements and 
spec if ica t ions  were reviewed and evaluated for tec hnicel 
adequacy and approved Eor release: 

D5-15401-1, for t h e  S-IC pneumatic console. 

D5-15401-2, for S-XC pneumatic checkout racks. 

D5-15401-23, for S-IC forward umbilical service u n i t ,  

D5-15402-1, for S-IC pneumatics. 

11. S-TI Stage 

A .  Documentation Review 

The S-I1 stage separat ion charge q u a l i f i c a t i o n  test tepozt 
waa reviewed and found to be  acceptable .  



B, Isalator Mwnt Testing for the Safety and Arming ( S M )  Device 

Testing in all axes was completed on the four isolator 
mount configurations.  The Barry mounts and the Pirestone mounts 
failed structurally during vibration testing i n  t h e  Z-axis.  The 
Lord mount  configuration was tested without any not iceable  
chal~ges in the mount ptoperties, The Robinson mount t e s t  
tes;llted in destruction or "chewed up" eendit.lon G S  khd 
~ a s i l i e n t  material by the top and bottom caps. Date i n  being 
reduced for each ronf igura tion tea ted  . 

LH, Exchan~er 

The 6 p . s . i .  vacuum burst diaphragms for vacuum jacket 
protection will be i n s t a l l e d  i n  a l l  A7-71 (S-IT) heat exchangers 
as replacements for the exf sting 30 p .  a, i. diaphragms. Interface 
revision notices (IKN's) axe being prepared to vent the diaphragm8 
to atmosphere. This is necessary due to the excessive back 
pressure in the  hazardous gas vent system facility. The ML-1 
heat  exchanger diaphragm replacement for support of S-11-1 will 
be made only if t h e  vent  c ircuit  is removed from the f a c i l i t y  
vent system. Otherwise, the  30 p ,  s. i, diaphragm will be 
retained in the system until after  AS-501 launch. 

Pneumatic Consoles 

A conaiderable number a£ objections have been raised by 
Test Laboratory, Industrial Operations (LO), and North American 
Aviation ( N U )  concerning the need for redundant regulat ion in t h e  
S7-41 I S - 1 1 )  consoles to elirnlnate possible overpressurization of 
stage components. These objections stem from the NAA contention 
that a new console will be required. This Division generated ECR 114 
which was signed by t h e  5-11 stage project engineer t o  fu lS i1I  a v a l i d  
requirement. The need for an a d d i t i o n a l  console is questioned b u t  
the requirement remains v a l i d ,  S p e c i f i c  technica l  d e t a i l e  were 
requested on the proposed console and console location to complete 
the technical evaluation of the NAA ECP. 

1. Due to the problem encountered in q u a l i f y i n g  the 
ME144-0011-0016 disconnect for cryogenic service, N U  es tabl i shed  
a limited life requirement for the airborne ha l f  of the 
disconnect (mating sea l  on ly ) .  During requalification of the 
coupling to the limited life requirements, the coupling f a i l e d  
t o  meet the leakage requirements of the cryogenic test phase, 
Testing waa initiated on two new sea1 configurations on 
March 27, 1967. Should there be i n s u f f i c i e n t  time to 
q u a l i f y  a redesign, this Division i s  confident that  the 
disconnect can be used for SA-501 w i t h  only one dieconnect 
et cryogenic temperaturee permitted. 



Qualifies tfon Teet of 112 inch 3200 PSI Check Valve, GTP 
item X-3SG. 

Qualification Teet of the S-IVB Stage Environmental 
Protective Cover K i t ,  model DSV-4B-304. 

Qualificatfon Test of 314 inch Check Valve, GTP item X-36. 

Qu8lifientian T e a t  of 112 inch Variable Orifice Valve 
Assembly, GTP item X-109. 

Qualificetion Test of 114 fnch Variable Orifice Valve 
Assembly, GTP item X-110. 

Qualification Test of the Auxiliary Propulsion System 
Oxidizer, model DSQ-4B-322. 

Pneumatic Regulator and Dietributor Console Vibration 
Test, model DSV-4B-436. 

Qualification Test of Pneumatic Console, model DSV-48-436A. 

Qualification and Acceptance Flow and Leak Tests of 
Pneumatic Console, model DSV-4B-436. 

EMC Production Acceptance Test of the Pneumatic Console, 
model  DSV-4B-436. 

Qualification Test of the Automatic Stage Servicing and 
Checkout Pneumatic Console "A, " model PSV-4B-436. 

TM-DSY-4B-MS-R-5721, revfaion A, Qualification Test of 
the  N204, Differential Preseure Gage, GTP item X-122. 

Qualification Test of the N d Pneumatic 3-way Va lve ,  
GTP item X-125. 2 4 

IV. Instrument Unit (IU) 

Reliabil5ty Analysis Model {RAM) 

A meeting was h e l d  w i t h  International Business Machines (IBM) 
on March 15 and 16, 1967, to xeview and discuss the SA-501 reliability 
analysis date  and additional guidelines end schedulee of future 
enalyses. IBM agreed to  furnish some revised c r i t i c a l i t y  data  Ear  
the SA-SO1 IU. Such data  will b e  included in the final i eaue  
of the SA-501 RAM. 



V. General 

A. Test Svecifications and Criteria 

C m e n t s  t o  t he  t e s t  and checkout specif ications and 
criteria for e a ~ h  s tape  wf the Saturn SA-501 launch veh ic l e  were 
f i n a l i z e d ,  These eotmnentn when applied to the SA-501 documents 
w i l l  e s t a b l i s h  the baseline for SA-SO1 and subsequent vehielaa 
aga ins t  which future changea will be evaluated by thia 
laboratory. These comments are contained in memorandum 
R-P&VE-DfR-67-187 which has concurrence from a l l  divisione 
end ia now awaiting signature by the laboratory director. 

B. Saturn V F l i g h t  Mission Rules 

A revision t o  the Saturn V d a t e  for f l i g h t  mission mlee  
wae xeleased t o  Mission Operations Office.  The e f fec t iv i ty  
of t h i s  data  is SA-501, SA-502, and SA-503. The d e t a  will 
be used by Miasions Operations Office in generating the MSFC 
portion of the  f l i g h t  mission rules. 

C, Damping, Retract, and Reconnect System (DRRS) 

1. The recommended spare parts 12at ( R s ~ )  for the 
damper redundant hofst system was prepared and forwarded to the 
Manufacturing Englneecing Laboratory, 

2 .  The c r i t i c a l i t y  categories for the Saturn V DRRS, 
damper redundant hoist system, and auxi l iary  damping system was 
transmitted to the Saturn V Vehicle  Ground Support Equipment (GSE) 
Project Office.  The cr i t ica l .  categories for the Saturn V 
darnping gystern will be updated a f t e r  releaae of the  drawings. 

Dm Damper System 

1, A review was made of the updated and revised criticality 
analyaia on t h e  Saturn V Damper Syatem with the following reeults: 

Several items t h a t  were previously in c r i t i c a l i t y  
category B were  changed to category A. 

Six new components were included because of the 
redundant system w h i c h  was added to t h e  Saturn V 
Damper System, 

2. A revised list of the c r i t i c a l  items on the Saturn V 
Damper System is being composed, l i s t i n g  the  components t h a t  are 
required to be qualified. Some components cha t  were on t h e  previoua 
list will be dropped and new components added. The revised list 
will be used fo r  the procurement of necessary components for 
qualification t e s t ing .  

3 .  A revised "warning" for the Saturn V Damping Syatem 
06rM Manual was prepared and disrr!'t>uted. The clearance problem 
between the  damper end swing arm number 9 wae covered. 



E. Wei~ht Status Report 

The following documents were completed and d i s t r i b u t e d :  

The monthly weight B t a t v a  report for launch vehicles 
SA-501 thrwgh 56-506 and the Launch Escape Slystma, 

The d e t a i l  monthly weight a t a t u s  report for tho SA-SOB 
launch vahicls. 

The final predic ted  operational m a s  characteristics, 
depletion cutof f ,  for Saturn YIAS-501. 

ADVANCED TECHNOLOGY 

I. Syatems Design 

A. S-IVB Orbital Workshop 

1. The DAC test fixture for the Quick Release Manhole 
Cover program t e s t  was received, The f ixture  is being modified 
by the Manufacturing Engineering Laboratory t o  provide insule tion 
according to  SK10-9318. Considerable work will be required since 
the  dome segment was n o t  trtmed t o  mate w i t h  the flxhrre and d i d  
not include the mounting holes .  

2. The design for the quick release manhole cwer 
handling sting is 75% complete. SK10-9337, "Airlock to 
Quick Release Manhale Cover Physical Mating Requirements," waa 
completed. This drawing de f ines  the requirements for 
mating the airlock boot to the manhole cover adapter ring. 

3. The information received from the pr inc ipa l  
investigators for experiments M-479 and M-488 was reviewed 
to determine the compatibility of the phy sics1 experiment 
and multiple docking adapter (MDA) interfaces .  The neceesary 
layouts  were prepared to d e f i n e  the above interfaces and to 
requeat the experimenter t o  make necessary revisions. 

4. The Loekheed proposal for experiment D-022 
and the Goodyear proposal f o r  experiment D-021 were reviewed. 
The r e ~ u l t i n g  layout (SK10-9330) proposed a mounting location 
for expeximent D-022 on the conica l  end of the MDA, The 
Payout a lao  define8 interference problems encountered w i t h  
experiment D-021, 



5. The configurat ion integration layout (SK10-9317) 
was updated to incorporate l a t e s t  information. The layout 
was expended t o  include those experiments mounted within 
the IU/SLA and those mounted outside the MDA. 

6 .  The following documentation. involving the Orbital 
Workshop wag completed: 

SKI0 -9337, "MDA Experfment Space Allocet ion" 
(Definea the space allocation for a l l  experiments mounted to the 
MDA). 

SK10-9335, "Experiment Package M w n t i n g  Paneltt 
(Defines the d e t a i l  des ign requirements f o r  the panel ) .  

SK10-9327 (Defines the installation of the X-ray 
astronomy experfment on t he  MDA). 

7. Layout SK10-9312 d e f i n i n g  the protective n e t  for 
t h e  IU compartment was updated t o  include estimated rope 
tensions. In a d d i t i o n ,  a remwable  section was added to the 
n e t  in t h e  v i c i n i t y  of the ST-124 in order to improve accessfblllty. 

8. A sketch was prepared showing a crew quarters 
concept having roll-type doors leading into the waste  management 
compartment and a swinging door leading into the food 
management compartment. This sketch is acceptable  to MSC 
and is to b e  used to def ine  the final crew quarters configuration 
for the Preliminary Deaign Review scheduled f o r  May 2-4, 1967. 

9 .  Sketch SKlO-9322 was revised to show the crew 
quarters floor plan rotated 450 counterclockwise. A second access 
door in the floor structure was added; safety d i c t a t e d  these 
changes. 

10. The MDA neutral buoyancy design is being eccomplfshed 
in accordance w i t h  SK10-9317. In a d d i t i o n ,  a ''hard" mockup of t h e  
MDA for ahow purposes  will be documented. Design has been 
etarted nn neutral buoyancy mockup8 of the experiment packages 
and the fan aasemblieg t o  be ins ta l l ed  in the S-IVB workshop. 

B. Cluster 

1. Deta i l  hardware design for the experiment mounting 
hardware in the MDA i8 in process. The deslgn will be uaed for 
mockup and preliminary experiment deeign review. 



2 .  SKIO-7391 and SK10-7392 were completed defining the 
clearance between the MDA and nosecone/SpaceersEt LEM Adapter (SLA) 
and the docking clearance between t h e  Apollo Telescope Mount (ATM) 
and MDA, respectively. 

2. The handling and auxi l iary  squipment ( H U E )  
requirements s tudies  were completed on the following MSFC 
pottiona of the cwmplete cluster mission: 

Mapping and Sumey System (M&SS) - SM-207. 
Orbital  Workshop (OWS), Airlock Module (AM), 
and MDA - SAA-209. 
PlTM and Ascent Stage of the Lunar Module {LM) - 
S M -  210 

Resupply Module (RM) - Sbd-211. 
C. Nuclear Ground Test Module ( N G ~ )  

SK10-7293, "Nuclear Ground Test Module Systems 
Configuration Layout," was completed. This drawing defines 
the overall stage configurat ion and space  envelopes for  the 
psessuriza ticn, vent, fill and d r a i n ,  and other  associated 
engine systems. In addition to the space envelopes, a11 
major structural '\cutouts and f eedthrougha" were  located 
and s i z e d .  These included those requirements for serv ic ing ,  
access, and instrumentation a s  well a s  the propulsion 
eyatems. 

D. Project Therma 

A layout d e f i n i n g  existing access p l a t f o r m s  on t h e  
S-IB and showing clearance end access capabilities of ~ u c h  
platforms for  the thermo p r o j e c t  was completed. Studies 
have begun on the proposed additional platform and component 
do l ly  at MSFC station 1673.859. Mounting of batteries will 
require a track and dolly extending under the MSFC rack. 

E. Pyrotechnic Window Experiment 

S t u d i e s  have been completed on various mounting configurations 
for a pyrotechnic window (SKl0-9321). These studies include the 
packaging concept for mounting t h e  experiment external to t h e  
MDA along with the requfred control syatems. A reques t  has been 
made to fabricate  aeale and foam material used in devdopment 
testing of the window. 



F.  Apol l c  Applications Program ( A M )  Payload 

The monthly weight s t a t u s  report for PFAP payloads wag 
completed and d i s t r i b u t e d .  

11. Syatems Requirements 

A, Deefgn Criteria and Reference Data Handbooks 

Revinion 1 of the Design Criteria and Reference Date 
Handbooks for  Lunar Surface Operations, volume I - General 
Criteria, and volume I1 - Lunar Shelter Payloads was 
released. 

B. O r b i t a l  Workehop 

1. Draft copies of Orbital Workshop Prelaunch Procedural 
and Functional Interface Control Documents w e r e  prepared. 

2 .  Performance and Design Requirements for the 
Orbital  Workshop Apollo Appl ica t ions  Program S y s t e m  for 
A N - 2 ,  number SS025SA1000025, were delivered to the 
Laboratory Projects Of £ i c e .  

C. Electromagnetic Radiation Experiment (Em) 

Work i s  continuing on the EMR general test plan.  
Draft copies and connnent were completed. The effort was 
coordinated with Research Projects Laboratory far technical 
inputs  and general c m e n t s .  

D. Voyager and Voyager Shroud 

Based on the decision to write a general test plan (GTP) 
for t h e  entire Voyager program rather than t h e  Voyager shroud 
a lone ,  an effort has been directed to obtaining technical  
in£ orma tion and general d e s c r i p t i o n  of the Voyager Bystems 
and subsyetems, It is ant ic ipated  that a d r a f t  of Voyager 
GTP w i l l  b e  completed in approximately 3 weeke. 



GEORGE C, MARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS REPORT 

ADVANCED STUDIES OFFICE 

(March 1, 1967, Through March 3 1 ,  1967) 

SATURN V 

Voyager Program 

A .  Snacecraft 

1. 19 73 Mission Description Document (Draft) - - - Review 
and comments were made on a proposed baseline mission specification 
document prepared by JPL. In general, it was concluded that  the  
document, which was based on VPE-14,  expressed too limited a view 
for the 1973 overall mission. A s  an example, only a liquid engine 
propulsion system and cald gas attitude were considered. The document  
d id  not pr ovidc for alternative considerations which would achieve the 
same mission objectives. 

2. Manpower - - - A manpower estimate for t h e  Advanced 
Studies Office was generated assuming number 3 priority (after Apollo 
and A A P  as established in a memorandum from M r .  W eidner '  s Office) 
for the Voyager program. These data were forwarded to R - P & V E - R I  
for  incorporation with other estimates from the Laboratory. 

3. Inter - Center Working Group and Suhpancl s - - - Comrnr-nts 
on MSFC charter responsibilities {memorandum R-PRrVE-A V - 67 -00 ,  
"Voyager Mission Design Subpanel Char te rs , "  datr:d M;I I*("II 17, 1907) 
w e r e  submitted to R - A S  for inter-Center interface negotintitjr~s. l'hcse 
comments were used by MSFC Inter-Center Working  Group rncrnhers 
for discussions w i t h  other Centers in a meeting h(:ld a t  JPI, (rn 
March 2 3-24, 1967. 



Efforts to resolve Voyager interface problerns have 

ontinued. Two basic Fl ight  Capsule (F/c) in terface problem areas 
xist:  ( 1 )  Physical length of the F/C; ( 2 )  Weight of the F/C as defined 

in the Langley Resea rch  Center (LaRC) configuration. These problem 
areas  were  discussed with LaRC personnel on March 30, 1967, and a n  

ag reemen t  was reached to reduce the F/C length I 9  inches  in order  to 
be compatible wi th  S / C  dimensions. The weight allowance for the F /C 
has  not been resolved since LaRC is studying we igh t s  up to 7000 pounds 
whi l e  MSFC is considering a F/C weight of 5000 pounds. 

Work  has been s tar ted on a n  inter -Center working paper 
w h i c h  will evolve into a recognized Interface Control  Document. The 
prel iminary document was t ransmit ted to MSFC by LaRC personnel 
w i th  a request  for  comments  and inputs. A meeting wa5 held on 
M a r c h  3 0 ,  1967, between MSFC and LaRC personnel to d i s c u s s  the 
format  on  the  inter-Center  working paper. 

4. Configuration Control - - -  The l a t e s t  drawings  of the Voyxger 
spacec ra f t  configuration w e r e  released dur ing  March for both the liquid 
and solid propulsion system designs. These configurations are s imi l a r  
t o  t h e  d rawings  issued in Feb rua ry  except m o r e  design detai l  in areas 
such as  the support  s t ruc tu re  is shown and greater  system definition i s  
inc luded i n  the M a r c h  drawings. Total planetary vehicle weight remains 
at 2 0 , 5 0 0  pounds for  both the solid and liquid propulsion designs. Capsule 
weight i s  currently ground ruled at 5000 pounds. 

To date, Voyager spacecraft designs have been the d i r ec t  
r e s u l t  of analyses conducted in the Advanced Studies Office; however,  
beginning with the configuration issuance in  Apri l ,  all d e s i g n s  a r c  to be  
the respons ib i l i ty  of the P & V E  Laboratory Spacecraft  Design W o r k j  n g  
Group.  This is made possible by the accelerated support oi  t h e  s p a c e -  
c ra f t  des ign  by the various P & V E  Labora tory  Divisions, The des igns  
issued i n  A p r i l  are  to he  used as references for  locating specific sy s tums  
and subsystems and performing detailed l o a d s ,  stress,  vibrations, and 
thermal  analyses by the  appropriate organizations of the P& V E  Laboratory. 

A dec i s ion  was reached March 2 3 ,  1967, at thtl r e ~ u l a r l y  
scheduled Spacecraft Design Working Group meeting c r )n r . r : rn in~ :  ttlra 

d e s i g n  of the liquid propulsion spacecraft  con1igur;ttion to I,c* jssur.r l  i t 1  

April. P r i m a r y  features of the latest d e s i g n  a r e  l o r w a r d  su111,r)rt o C  t l~c .  

planetary vehicle near the cg and stowing 01 t h e  solar  p i i n c l s  a s  ;t cor le  

frustum around this support  s t ruc ture .  The f o r w a r d  s u p p o r t  s t ruc tu re  
al lows separation of the nose cone over t h e  nose and r n i n i m i x c s  thc: w e i ~ l i t  
of t h e  s t ruc tu re  suppor t ing  the planetary vehicle from t h c  s h s c ~ u d ,  



A d e s i g n  of the solid propulsion system i s  cur ren t ly  being 
evaluated. 

5. Advanced Studies Office Design - - -  A s  ment ioned  in t h e  
F e b r u a r y  progress repor t ,  this Office is conducting a c u r s o r y  V o y a g e r  
spacecraf t  design s tudy which i s  similar to the P & V E  Laboratory cllort .  
A11 facets of des ign  are being considered i n  this study, hu t  tach d e s i g n  
a spec t  i s  be ing  investigated in l e s s  depth. In this study,  solid and l i q u i d  
propulsion spacecraft  d e s i g n s  with aft support structure have been 
selected as  r e f e r ence  designs for more detailed analysis. 

A preliminary weight comparison of the s tructure required 
to support  the planetary vehicle a t  the f o r w a r d  end of t h e  spacec ra f t  
ve r sus  aft support  has been conducted with a result  that aft support  i s  
I ~ r a v i e r  by about five per cent, However, ana lyses  also show that i f  the 
support  s t r uc tu r e ,  which could weigh as much as  600 pounds ,  is left on 
the spacecraft, an increase of approximately 600 pounds of additional 
propellant would be required for a total of 1200 pounds o r  6 pe r  cent 
increase  in the spacecraft  weight. This is assuming the capsule  weighs 
5000 pounds. Therefore ,  since the primary P & V E  Laboratory effor t  
is to be conducted on concepts with forward support  structure, which 
means the structure supporting the p lane ta ry  vehicle in the shroud must 
cont inue  o n  the en t i re  mission, the effort i n  this Office is being concen- 
trated on aft  support, where  support s t ruc ture  can be left in the shroud. 
Solar panel s to rage  for designs to be evaluated by this  Office wil l  be  
similar to that selected for the reference designs being evaluated by 
the PBrVE Laboratory. 

A s t ruc tu r a l  weight comparison of concave, flat, and 
convex s t ruc tura l  support  of the planetary vehicle from the s h r o u d  
shows  convex to be sl ightly l ighter.  W i t h  convex support (as  viewed 
f r o m  t h e  bottom), t h e  structural support  is in tension during launch to  
ear th  o rb i t .  

For the solid motor propulsion concept, a p r e l i m i n a r y  
evaluation was made of supporting the capsule  on the spacecraft 
t h r o u g h  the solid motor r a the r  than through a cylindrical  she l l  a r n u r ~ r l  
the motor. This arrangement indicated a s t r u c t u r a l  w c i g h t  rc:clurtior~ 
of bout 15 per cent. 



6. V o y a g e r  Separation Study - - -  The computer program for 
evaluating the shroud separation clearance has been checked out and 
initial runs have been made with results being assembled and plotted 
i n  graphical  form. 

Mass characteristics data for  the S-IVB /planetary vehicle / 
s h r o u d  configuration dur ing  the different  phases of separation have been 
supplied to R -A STR Laboratory for determining the control capability of 
the  S -1VB auxiliary propulsion sys tem and to R - P & V E - S  and R-AERO 
Laboratory fo r  use in separation analyses and spacecraft control studies.  
The  total mass pitch rates as determined by R-ASTR wi l l  be incorporated 
into the computer program for evaluating the separation clearance of the 
Voyager shroud and planetaryvehicles.  The a s s u m e d  values for S-IVB 
rotation of 0. 1 deg/sec  for the orbital shroud separation and 0.005 deg/  
s ec  for the separations after injection are now being  used for separation 
s tud ies .  

7. Propulsion Analysis --- Several preliminary design concepts 
have been prepared for consideration in  the selection of an all -liquid and 
a liquid /solid sys tern for Voyager spacecraft propulsion. The liquid 
concepts util ize single and multi-engines with up to s ix  engines per 
ins tallation. The solid concepts a1 so use single and  multi-motor config - 
urat ions  with up to four motors  per installation. Multi -engine configurations 
are general1 y l ighter  and shorter than the single engine configurations but 
a re  more  complex. A l l  configurations used available propulsion hardware. 

B. Shroud Design 

The following schedule for the Voyager Shroud Design s tudy 
has heen  published in  Memorandum R -P&VE-AV-67-2 ,  dated M a r c h  7, 
1967:  

Oct. 14, 1964  to June 30,  1967 - Pre l imina ry  Design (Part  I )  

July 1 ,  1 9 6 7 t o D e c .  31, 1968 - P r e l i m i n a r y D c s i g n ( P a r t I 1 )  

Jan .  1 ,  1969 t o  June 30, 1969 - Final Design 

A forrnal summary report of the conceptual d c s i ~ r ~  pcriorl 
( P r e l i m i n a r y  Design,  Part I)  is to be compiled b y  t h i s  OTfict:; targ(:l 
date for t h i s  documentation is June 2 ,  1967. Submission of r r ~ u x h  
d ra f t s  of all report  material has been requested by May 19, 13f17 .  



C. Science Packaging 

The contractor Phase B study reports  have been reviewed for 
considerations for  Science Package location, packaging, and implications 
to the overall Voyager Spacecraft configuration. This information is  
cur ren t ly  being used to determine Science Packaging requirements for  
Voyager configurations being developed within P & V E  Laboratory. 

APOLLO APPLICATIONS PROGRAM 

1. Earth Orbital 

L M  Utilization 

In the study of earth and lunar orbital utilization of the L M  
system as a propulsive maneuvering stage, primary analyses now being 
made a r e  adaptation of 260- and 396-inch-diameter payloads to the L M  
ascent stage,  adaptation of the LM ascent stage as a payload to the SM, 
and uprating of the S M  with cryogenic or  high-energy s torable  propellants. 
W o r k  on the first two tasks is only 10 per cent complete so r e su l t s  from 
this part of the study cannot be reported yet. Results from the third  task, 
which i s  approximately 70 per cent complete, show that the greateSt AV 
advantage is ,to be gained by uprating the SM/LM sys tern (the L M  being 
payload on the SM) with a higher Isp s torable  propellant. This is due to 
the higher density of the storable propellant over cryogenic hydrogen. 
(An  upper l imi t  on storable propellant Isp of 360 seconds is being 
considered. ) Approximately 60,000 pounds of storable propellant can he  
packaged in the SM, whereas only 20,700 pounds of cryogenic propellant 
can be packaged. A ground rule of the study is that the hasic envelope 
of the S M  wil l  not be altered. 

11. Lunar Surface 

A .  LSSM 1/6 g Flight  Test 

A r epo r t  of the BECO-built LSSM Mock-up F l i ~ h t  Tr-s t  at  
\v r inh t -Pa t te r son  A i r  Force Base,  Dayton, Ohio, has l~cacn prchp;l r t = r i .  

The r e p o r t  summarizes  the flight test resu l t s  and j ndic ;~ tcs  111~.  

desirabi l i ty  of additional f l i gh t  tests wi th  prr~totypc LSSM r:ol~l ' iku r;i f i o ~ ~ s .  



B. Mobility Tes t  Ar t i c le  (MTA) 

Data obtained during the MTA tests  a t  A b e r d e e n  and Yuma 
Proving Grounds are  being normalized for application to an  LSSM size  
vehicle. The task is scheduled for  completion i n  m i d - A p r i l .  

C. Performance Studies of Augmented Lunar Vehic les  

Investigations have been m a d e  of the feas ibi l i ty  of uprating 
lunar  vehic les  and to determine trade-offs be tween  spacecraft systems 
and sc ien t i f i c  equipment. The Lunar Module can be augmented to 
provide mission durations of up to 14 days at the cost of some scientif ic 
equipment.  Extended stay time on the lunar surface requi res  an equal 
extension of t ime-in-orbit  for the  CSM. The major weight changes 
resul t  f rom additional required expendables which inc lude  pr imar i ly  
f o o d ,  oxygen, and fuel. For a 14-day s tay  time, the CSM weight 
increase  i s  about 600 pounds. In the event that  much la rger  payloads 
a r e  contemplated, approximately 5 100 pounds can be landed by using 
t h e  ascent  stage solely for cargo. 

111. Integration 

A. A A P  E x ~ e r i m e n t  Cataloe 

W o r k  continued toward converting the experiments i n  the 
catalog to a new r e t r i eva l  format. A l l  additional work on the experiment  
catalog will be  combined with the mission simulation program,  

Earth Orbital  Mission Simulation Program 

The final  report  on the revised program is near ing  c.ompletion. 
A technical  paper  abs t rac t ,  defining this program, for the  pr vsenta t ion  
to t he  A A S  and Geology and Geophysics Conferences has been completed. 

A t r ip  was made t o  D A C  to discuss their  spacc station experi -  
ment programs relative to Advanced S-IVB Workshop s tudies .  The DAC 
esper iment  catalog contains 1238 non-redundant c:xperiments . Copicls 
of their  experiment reference list, "driver" selection rationale,  e x p c r j  - 
m e n t  defini t ion forms,  and experiment/rnis sion selcct i r~n ar P t ~ c : i n ~  

reviewed.  



NUCLEAR VEHICLE PROGRAM 

I. Nuclear Boiloff Sensit ivi ty Study 

A standard orbi ta l  launch configuration has been selected as a 
basel ine  for fu tu re  study work. The configuration resembles the 1966 
J A G  configurat ion for the 1982 d i rec t  mission, but has higher  propellant 
loadings.  Total weight  delivered to low orbi t  is approximately 3 X 10' lb ,  
w i t h  a maximum payload requirement of 525,000 pounds. 

This configuration requires five launches of the "660 K Launch 
Vehicle" to loft  the nuclear  modules, plus a spacecraft launch. W i t h  
t h c  la test  LMSC module dimensional constraints, all five module 
s tackups exceed the 41 6-foot VAB height limitation. V a r i o u s  methods 
of reducing both height and weight will be investigated.  

A " standard'' boiloff schedule is to be established for  this vehicle 
a n d  parametr ic  variations will be performed around the standard. 

11. Modular Nuclear Vehicle Study 

The proposal fnr the Phase 3 safety effort has  been received f rom 

Lockheed and evaluated. This  is a further extension of the study cont rac t  
N-IS 8-20007, Contracting action wil l  begin shortly.  

ADVANCED PROGRAMS 

I. Launch Vehicle 

A .  Kick Stage Study 

An investigation is continuing to check I3oilofi r a t ~ s  Tor various 
2 60- and 396-inch-diameter kick stage des igns  which use  cryogenic 
propellants.  Other in-depth investigations of such pararnetcrs a s  i n t c s -  
stage weight  penalt ies,  effects of propellant  off- loading,  l e n g t h  versus 
propel lant  loading for  the 260- and 396-inch-diameter stiigcs, c to . ,  ;Irp 

cor,tinuing. The  r e su l t s  of this s t udywi l l  p u r r n i t  ;I rnorra r ap i r l ,  vcnrs;itilr-,  
and efficient response t o  requests  for  p r e l im ina ry  lc ic l i  s t : l ~q ,  clcsig~l. 



B. Vehicle Design Handbook 

Recently received abs t rac t s  of design p rog rams  f rom MSC 
a r e  being reviewed and evaluated for inclusion in the handbook. The 
final selection of neces sa ry  design p rog rams  to be used in the handbook 
i s  approximately 80 per  cent complete. Initial checkout and conversion 
of s eve ra l  on-hand programs i s  being accomplished in corljunction with 
the Computation Laboratory.  

C.  Liauid Strar,-on Pods .  " 660 K Launch Vehicle" 

Documentation of Phase I of the 156-inch-diameter pod design 
( fo rmer ly  154-inch-diameter pod design) study i s  continuing. Phase  I1 
of this study i s  a l so  continuing with emphasis  on fur ther  refinements 
and innovations of the launch vehicle configuration chosen i n  the Phase  I 
study. 

11. E a r t h  Orbital  

Advanced S -1VB Workshop 

The init ial  contract  orientation meeting was held with the 
Douglas Ai rc ra f t  Company on March 8, 1967, to d i scuss  the details  of 
the contractor  study plan. Key guidelines on the configurations, sub-  
sys  tems  , and experiments  were  presented and discussed.  

A configuration ma t r ix  of the major  var iab les  of a Saturn V 
launched E a r l y  Orbital Space Station was completed and drawings were  
prepared  for each configuration. 

An orbi ta l  heat  computer p rogram and a three-dimensional 
t rans ien t  heat  t r ans fe r  p rogram have been developed for p re l iminary  
thermal  analyses  in  support  of the Advanced S-IVB Workshop efforts.  
Insulation requirements  and wall t empera tures  for var ious  configurations 
a r e  being investigated. Also, an  analytical procedure and computer 
p rog ram i s  being developed to investigate the location and a r e a  of 
rad ia tors ,  heat  exchangers,  cold plates,  pumps, and piping for active 
thermal  control system concepts. 

I3. Five-year  Space Station 

Several  concepts for a long-term sp:tc e s ta t ior~ t ~ a v c .  hc:er~ 
developed. One of the m o r e  promising con( cpts ,  , I  mu1 t l-purpose r n o d u l c ,  
has  been chosen for some pre l iminary  analyses .  'I'he analyses  haves heen 
l imited thus f a r  to  two principal a r e a s :  (1)  miss ion responsiveness  and 
flexibility; and ( 2 )  s t ruc tura l .  



The proposed coinpartment (or "can" )  is 2 1.6 feet i n  diameter 
and  7 feet  high. A flexibility investigation has shown that  the proposed 
structural build-up can adequately accommodate a broad spectrum of 
act ivi t ies  in the  experiment program envisioned for the late 1970 time 
pcriod.  W i t h  re la t ively  small internal modificat ions,  the "can" may 
a lso  be  used for living and crew accommodations.  

A preliminary structural analysis has shown that one possible 
m e a n s  of constructing the "cans " is through the use of four- inch honey- 
comb with 0. 020-inch facing sheets and appropriate close-out member s. 
The total weight of such a ' ' can, ' '  equipped with airlocks and hatches, is 
approximately 35 10 pounds. 

C. Laree Snace Structure  

A configuration layout was developed for a Saturn V launched 
car~lmunicat ions  antenna in support of study efforts being d i rec ted  by 
R - A S T R  - A .  The configuration r ep re sen t s  an  operational system 
launched  to synchronous o r b i t  for  direct home T V  broadcast. Majar  
components of the configuration are  a 96-foot-diameter space-erectable 
parabolic antenna, based on contracted study r e su l t s  by Genera l  
~~narnics/~anvair, and a 5000-square-foot solar cell array based on 
s tudy resu l t s  by Boeing i n  a contract  with JPL. The configuration w a s  

packaged in  a 30-foot-long, 260-inch-diameter shroud and incorporated 
previous study efforts by this Office on an Uprated Saturn I launched 
cornmunica tion antenna experiment. 

111. Lunar  

Lunar Backpack Jumper Augmenter 

A presentation on the results of the Lunar J%tckpacl< J u ~ n p r r  
A u R m e n t e r  ( L R J A )  study was given to P & V E  management  on March 8 ,  
1967. The  L B J A  study results a r e  presen t ly  h e i n g  revicweci hy t h e  
I lurnan Fa.ctor s Engineering Section ( R - P & V E - V A H )  for technical 
a c c u r a c v  and feasibility. 



IV . Planetary 

A .  Manned Planetary Fly-by Joint A ction Group (JAG) 

A 10-man commitment has been made by this  Office to support  
t h ~  effor t  r equ i r ed  to update the Planetary J A G  report puh l i shcd  las t  
0 ~ - t m h c r .  This  level of e f for twi l l  l a s t u n t i l  approximatelyApri1  15, 1967, 
a t  which time MSFC wi l l  submit inputs to the report. T h e  planned 
a p p r o a c h  to the  s tudy  is to review and check t h e  DAC m e t h o d  01 rnodiiying 
t h e  5-IVR to be  an S-IVC stage. Present  performance of the S-IVC stage, 
as suming  a 180,000-pound spacecraft ,  indicates that  an  improved launch 
v e h i c l e  wi l l  be required fo r  this mission. 

W o r k  has been initiated to size the booster needed to launch 
the various pieces  of an Orbit Launch Vehicle which uses three 5 - IVC 
s tages .  Payload weight summaries for each of the four required launch 
vehicles wi l l  be prepared.  Configuration drawings showing the ear th  
launch vehicle configurations, the orbi ta l  assembly sequence of the orbit  
launch vehicle, the modification to the S-IVB stage to achieve the S-IVC, 
and t h e  modif ica t ions  to the standard Saturn V launch vehicle to achieve 
the  required booster will  also  be prepared. 

This Office i s  responsible for  defining the planetary  p robes  
for the continued in-house J A G  effort. The results of the effort  are to 
be included in the f inal  J A G  report, due i n  May 1967, Efforts completed 
to da te  a r e  the selections of probe complements far four selected 
missions i n  1975,  1977, 1478, and 1979. A l s o ,  conceptual des igns  w e r e  
initiated on these probes.  Some results w e r e  presented dur ing t h e  J A G  
p rog ram review meeting on March 28, 1967, a t  MSFC. 

B. Manned M a r s  Excursion Module 

The effort to conceptually define a M a r s  Excursion Module 
(MEM) is  being continued. The primary suhsys terns as sociatecl wj ttl 
the AMEM have been defined in terms of weight, power r equ i rc rnun t s ,  
and volume. Pr imary  propulsion sys tems have a l s o  h e e n  c l e f i ned .  



Propulsion systems have been s ized  fo r  various combinations of liquid 
propellants.  Combinations selected for  study w e  re  LO, /LH,, OF, /?IIMH, 
N , O ~  /N ,H~  , and N,O,/N~O~/N~H~-B, . The cornbination 
h a s  tentatively been selected for additional study. A solid propulsion 
system, using a composite propellant with a Beryllium additive, w a s  
also evaluated; however, i t  did not appear to offer any significant 
advantages. 

C. ~ a r s / ~ e n u s  Fly-by Study Programs 

The two-stage studies for investigating the  Orbi ta l  Launch 
V e h i c l e  Application fo r  the ~ a r s / ~ e n u s  Fly-by mission are complete 
and t h e  final presentation is scheduled fo r  April  5, 1967, at MSFC.  
Personnel  from this Office have been working wi th  the  two contractors  
( N A A  a n d  DAC) finalizing stage data formats and reviewing d r a f t s  of 
thr final report .  

The M a r s / ~ e n u s  Fly-by Mission Study task schedulc h a s  
b e e n  modified to provide information on scientific objectives, experi- 
ments ,  and probes.  This will cover orbi ter ,  atmospheric, and surface 
type probes  and their supporting systems. This information will 
supplement the work being performed in-house for  the Planetary J A G  
eser cis e . 

D. M a r s  Surface Sample Return Probe  IMSSR) 

The effort  to conceptually define a MSSR probe h a s  been  
coimpleted. The r e su l t s  of this effort a r e  being compiled and wil l  h e  
publ ished i n  a NASA -CR (Contractor Report). 

Chief, Advanced Studies Office 



GEORGE C .  MARSHALL SPACE FLIGHT CENTER 

MONTHLY PROGRESS REPORT 

PROPULSION DIVISION 

March 1, 1967 through March 31, 1967 

Saturn IB and Saturn V Component Qualification Test Program 

Test  reports are being reviewed of all critical propul s ian  compo- 
nents  for each stage of the Saturn IBJV to determine if the components 
are qualified. Status of the review is: 

NO. OF REPORTS REPORTS REPORTS 
STAGE COMPONENTS RECEIVED REVIEWED ACCEPTABLE 
- -- 

To be Reviewed 

S- IC 73 65  3 1 

S-IB 54 0 0 

S-Ti 109 16 9 

S-IVB 67 35  20 

TOTAL 303 116 60 5 6  

SATURN XB 

I. S-IB Stage 

A.  H- 1 ENGINE 

1 . Prevalve Operation for Saturn In  Anal yxcrl 

Analysis of data from the H- 1 c n ~ i  nr! pr l tv ;~ lv r *  H I I ~ I I ~ I I J W I I  

t e s t s  indicates that satisfactory pr  evalvc sh~~t . r lowns  ~Iio111ii 1 2 1 :  r t t b l ; !  i r 1 1 a r 1  

using the LOX pr'evalve closing ti m e  ran gr: invn s ti E;L t.r:rl. 



2 .  S-PB Hydraulic Package Modified 

Two S-I8 hydraulic packages were modified to eliminate 
the accumuIator sleeve. This modification reduces the path for nitrogen 
leakage into the hydraulic fluid. The units will be tested to determine if 
the one-piece dome design will solve the nitrogen leakage problem. 

B .  ThrustersandPanelsfar MSFCExperimentNo. 2 

Thrusters for MSFG Experiment No. 2 were received, all the 
equipment needed to assemble the experiment panels was acquired, and 
the assembly procedure for the Experiment No. 2 panel was prepared. 
From the electrical checkout of the thruster s, i t  was discovered that 
more than half failed the 50 -rnegohrn insulation resistance requirements . 
The thruster a were rejected and returned to the vendor. No schedule 
impact is expected. 

11. S-IVB Stage 

AS- 206 Pas sivatian Experiment 

The feasibility of using the 5-2 engine as a means of rapidly deplet- 
ing residual propellants, i s  being proposed for AS-204 a s  a result of 
reassignment of the AS-206 launch vehicle. This experiment will  pro- 
vide valuable data for determining the applicability of dumping residual 
propellants through the J- 2 engine for the Orbital  Workshop mission, as 
well as for the S-IVBJIB and V. 

SATURN V 

I. S-IC Stage 

1 .  R&D Engine Tests at EFL 

Sixteen t e s t s  were conducted, and a total duration of 
2185.9 eeconds was accumulated. Ten of these t e s t s  were full-duration 
(150 seconds or more) runs.  One test was terminated prematurely. 

2. Production Engine test in^ at EFL 

Seven t e s t s  were conducted, and a total duration of 547 .3  
aeconda was accumulated. Two of these t e s t s  were full-duration runs.  

3 .  Component Qualification Test Reports  

Revisions to eighteen F- 1 Component Qualificati nn T c  s t  

Reports were reviewed. These revisions satisfactorily completed all of 
the changes requested to  date, except the changes to the Main LOX Valve 
and Hydraulic Control Valve reporta. The test  report for the High 
Reliability Pressure Tran~ducer is being reviewed at MSFC. The only 



F- l component which has net completed qualification tes t ing  i s  the 
High Reliability Temperature Transducer . This transducer is pr e -  

sently accumulating engine t e s t  time before qualification tes t ing  . 
4 .  F-1 Enpine Land Transnort Test 

F- 1 Engine F-6049 was recently trucked f r o m  Canoga 
Park,  California to MSFC to determine the effects of th ia  type trans- 
por tation on the engine. Upon arrival, the engine was subjected to 
receiving inspection prior to being fired in the single engine test  stand.  
No significant discrepancies were found that could be attributed to the 
transportation. The engine waa subjected to  a 40-second static f i r i n g .  
Analysis  of the data from this test indicates that the engine thrust was 

1494K as compared to 151 9K at Edwards AFB No specific cause for 
the thrust shift has been determined. The engine will be reorificed 
and fired again. 

5. Engine Contamination S- IC- 1 

Inspection of the S- IC- 1 engines follow in^ failure of thr ee  
bellows sections in  facility lines that supply nitrogen purges to the e n g i n e  
LOX systems revealed no contamination f rom the ruptured bellows sections . 
However, a small bolt was found on the top side of the injector plate of the 
center engine. Investigation indicated that the bolt entered into the LOX 
system f rom an external source downstream o f  the LOX tank screen.  The 
extent of damage to the bolt indicated that no further inspection of t h e  
engine was necessary . The decision was m a d e  that no further inspection 
for contamination was required en the S-IG- 1 stage and the enqine system. 

6 .  Gimbal Svstem Flieht Suvnlv Line Test 

The vibration portion of the qualification t e s t  for the gimbal 
system flight supply l ine ,  20M55058, w a s  successfully rerun.  In the 
original qualification test, the specification vibration f eve1 s could not be 
obtained because of equipment limitations. The re-test was conducted 
using a larger vibration machine, and the specified vibration levels were 
obtained. The line was subjected to  a bur s t  test after the vibration. The 
burst pressure was 1 1 ,  750 ps ig ,  which is substantially more than the 
specified minimum value of 8,8 00 psig . 

B . Review of E C P  0 1 8 3 P  IS-IC- 2 and Subs) 

An E C P  concerning installation of improved an t i -vn r  tex plates 
in the S-IC fuel tanks, was reviewed and accepted, except a maximum 
liquid level slosh and surface inclination of 1 . 5  inchcs should he used in 
calculations rather than 4 . 6  inches . This would decr ea s c  fucl r e  sirlual 
by an additional 3 500 pounds. 

C . Ordnance Testing 

Twenty CDF initiators were exposed to a range  of high tenipera-  
tures far 2 hours, cooled and fired in an SPs 45C closed I ~ o m h .  The r e s ~ t l  ts 



of this test showed that the maximum temperature at which the initiator 
will function within the specified Iimits is 275" for 2 hours . 
11, S-11 Stage 

A .  J - 2  ENGINE 

1 .  R & D  Testing atSSFL 

Twenty- four tests were conducted, and a total of 34 19 
second8 w a s  accumulated. Two t e s t s  were terminated pr ernatur ePy, 
baeauae the AS1 ignition warn not detected (bent probe). 

2 .  Production Engine T e s t s  at SSFL 

Eleven t e s t s  were conducted, anda total of 2130 seconds 
was accumulated. Two tests were full-duration runs. 

3 . Eneine Testine at AEDG 

Fourteen t e s t s  in four separate periods were conducted at 
AEDC. Three of these t e s t s  were S-IVB/SOl fir st-burn simulations. 
These tests evaluated maximum build-up time and fuel prevalve opening 
sequence. Six t e s t s  were conducted after quick turn arounds to simulate 
a Saturn V restart with a hot turbine exhaust system from a previous 
test.  Five of the t e s t s  had turbine exhaust system temperatures like 
those expected on S-IVBISOI and one had temperatvr e s  expected on S- IVB / 
504.  G a s  generator temperatures achieved were within the acceptable 
operating region of the engine in all c a s e s .  Five S-IVB/SO 1 restart t e s t s  
were conducted, evaluating hot thrust chambers on three t e s t s ,  maximum 
build up time on one test, and AS1 erosion on one test .  A total time of 
238.5 seconds, 175 seconds at 5 , 5  mixture ratio, were accumuIated on 
5- 2 Engine 20 52 at AEDC . A total of 44 tests for 744 seconds has been 
accumulated on J-2052 at AEDC to date. 

4 .  Component Qualification 

Final test reports for thirty-four of the thirty-six J - 2  
engine components to be qualified have been received. Comments to 3 1 
test reports have been submitted and teat reports for the Oxidizer 
Turbine By-Pass Main LOX, and Main Fuel Valve a r e  being reviewed. 
The PU Valve and the Start Tank Discharge Valve are presently being 
eubjected to the qualification test series. 

5. Ignition Detector h a l v s i  s 

An analysis of the 3- 2 engine ignif irjn clr?Lcc:t.inn ~y: : !  r*rr  I W;LH 

conducted along with an analysis  of thc potent ia l  cxplrlsi vc: l i ;~~ , ; i rr l  i f  i ljni - 
tion did not occur. The results indicate that n remote p o s s i h i l i f y  of ;in 
explosion exists if ignition fails to occur or does not occttr nnrnixlly . 
Therefore, it is necessary that a reliable ignition dctccticln sy stern trit 

used. The reliability of the current ignition detector is  not adcrluatc f n r  
flight and is in need of improvement before the fir s t  manned Saturn V 
flight. 



6 .  J- 2 Eng ine  Analog Simulation 

A J- 2 analog computer model was developed for use  with 
the J - 2  engine altitude t e s t  program at Tullahoma. The model w a s  

checked out and compared with the available t e s t  data f rom the  Tullahoma 
t c e t e .  T h i a  chcclcoul: e h o w ~  that thc analog modcl matchca tcs l  data with- 
in 2 perccnt and rcflects all cngine t rende during the start t raneicnt  of thc 
f i r s t  or second burn. The analog model will be used to evaluate potential 
improvement of the J - 2  engine to provide restart flexibility and eliminate 
present environmental restraints. 

7. 1 s  

Design verification t e s t s  were continued on three S-I1 EGS 
main pumps. The fir st specimen has completed all tests except vibration 
and life cycle with no apparent deterioration of performance. 

8. Engine Gimbal System ARMA Tests  

Tests continued on the S-I1 ARMA with 5000 of a required 
10,000 life cycles be ing  completed. 

9 ,  Shear Test of J- 2 Engine Quill Shafts 

Torsional Shear t e s t s  at  800°F were completed on two  J - 2  
Engine Quill Shafts. This shaft connects the LOX turbine with the main 
hydraulic pump. Results were the s a m e  for both shafts.  Neither shaft 
failed when a torque (2640 in-lbs) 65 percent in e x c e s s  of the 1600 i n - lbs  
limit specified by the engine contractor. 

10. Engine Precan t  Problem 

The single outstanding problem, with regard t o  the 
established 1 " 8  " outboard pr ecant to be used on S -  II- 1, is the 5- 2 sci s sar - 
inlet bellows. Although the outboard corner commanrl to 1 0 . 6 "  is not  likely 
to occur on S-11- 1, the possibility does  exist both on the ground during 
checkout and in fl ight (at separation). Should this occur, the J- 2 engine 
scissor bellows may b e  over stressed to the point of failure (due to the 
10.6"  being added to the 1 . 8 "  in the outboard direct ion) .  To prec lude  
the possibility of this, the use of mechanical actuator stops is highly 
recommended. These mechanical stops are in the praces s of being 
designed /manufactured for S-II- 1, which will limit the outboard corner 
t ravel  to 8 . 3 "  for ground and fl ight  operations.  

B. LOX V e n t  Valves 

The S-II. LOX vent valves oscillated severely d u r i n g  S-U-  1 
operations at  Mississippi Test Facility (MTF)  and a1 s o  on t h e  battleship. 
Testing on the S-IL battleship using LOX container ullage sen sin^ for vent 
valve operation, rather thanvalve upstreampressure, prnved successful in  
reducing the poppet chatter problem. 



6. Ver i f i ca t ion  Te stinrr of S-11 Accumulator Reservoir 
Manifold As semblv [ARMAI 

The filter, proof pressure, functional, high and low temperature 
and vibration t e s t s  were completed with the assembly performing satisfac- 
tor i ly .  T h e  life cycle t e s t  is in process now. 3000 life cycles were  corn- 
pleted, 12, 500 cycles are  required. 

D .  LHz Stratification 

The S-LI-1 Acceptance Firing data were correlated with the fuel 
stratification prediction model used for S-IVB Net Positive Suction Head 
(NPSH) prerl,ctions and found to be in generally good agreement. The pre- 
diction technique was cornpar ed with the stage contractor correlation, and 
the two rne'.hods a re  generally agreeable except during terminal dra in ing .  
The stage  contractor  has agreed to use the MSFC prerliction for S-11-4 
d e s i g n  criteria in conjunction with the S-11-4 tank p r e s s u r e  r e d u c t i o n .  
Additional data are required to improve the predictions for  terminal 
draining, and the S-H- 2 propellant loads were modified to obtain th is  data. 

An investigation was made to determine t h e  impact on propellant 
behavior of replacing the S-II ullage motors with the TX-280 (S-TVB) ul lage  
motor s . The present maximum predicted fluid motion amplification factor 
of 2 . 5  is increased to 6 . 0  when the TX-280 motors are  used. The expected 
S-Il slosh he igh t  at S-IC cutoff is 1 - 2 inches,  and the increase in  slosh 
amplification i s  not significant. From a fluid mechanics and thermodynamic s 
standpoint, the TX- 280 ullage motor s are acceptable. 

A study was made to determine what influence t he  reaction of the 
S-LI LH2 residual s will have on the magnitude of the venting t h ru s t  during 
separation. The r e s u l t s  indicate that the maximum thrust attainable before 
complete inter  stage separation is 180 lbf and is  caused hy the pressurization 
system. The bulk of the LH2 tank residuals will impact t h e  upper dome 1.5 
seconds after retro rocket ignition and could cause an increase in the vent- 
ing thrust. Since the J-2  engine bell clear s the inter stage in one second 
after retro rocket ignition, the influence of wetting the upper dome on vent 
thrust magnitude is irrelevant to stage orientation during S-IIIS-IVB 
separation. 

111. S-IVB Stage 

A .  Engine Gimbal System Arma Tests 

Cycle tes ts  at different temperatures were  conclurtcrl on three 
accumulator reservoir manifold assemblies to a id  in d e t e r  m i n i n g  rca sons 

for reservoir pieton O-ring failures. Tests to date  shnw t h a t  h i ~ h  tempera- 

tures (275°F and up) have a definite influence on the cycle life of the seal 
backup ring.  



B .  0, /H, Burner  Thermal  Analvsis 

A thermal analysis to predict temperatures of the OZ /Hz 
burner after 4 1 / 2  hours of orbital coast  were completed. Average 
burner temperatures were - 1 5 0 e F .  This is significantly lower t han  the 
minimum - 8 5 "  F temperature currently specified for flight qualification 
of the 0, /Hz burner .  The use of thermal coatings to raise burner 
temperaturns during orbital c5a a t  will be investigated. Preliminary 
estimate a show that, with thermal coatinga, the m i n i m u m  burner tempera- 
ture will be appr oxirnately - 120 " F . 

C, Ot/Hz Burner Testing 

The performance inpr overnent test series was completed, and 
the modified, higher pressure burner was selected for preductjon. This  
configuration has demonstrated reliable ignition and combustion with no 
injector i c ing  problems. Due to schedule constraints, it will  not  b e  
possible t o - u s e  this burner for acceptance testing S-IVB 503 ( n e w ) .  Pre-  
QUAL testing will begin in April .  A total of 92 f i r ings  with two bu rne r s  
is scheduled for a three-month program. 

D.  C - l  Engine ( U S )  Tests at MSFC 

Thc single engine tests of the C-1 Engine at MSFC were con- 
cluded for  the Block I design.  During  this period the engine was run with 
GHe saturated propellants at inlet temperature from 40°F to 100'F. The 
results of these tests indicated that there is no significant change in the 
pressure oscillations that were previously observed. Tests w e r e  also 
conducted to determine the effect of varying the chamber pressure from 
80 psia up to 100 psia. The amplitude of the oscillation decreased as the 
pressure w a s  increased and also damped out much faster. At a chamber 
pressure of 100 psia, the only oscillations observed were in the start 
t rans ien t .  Three of the engines will be placed in a Saturn V S-IVB APS 
module and tested in the vacuum chamber. The purpose of these t e s t s  

will be to drtermine the system effects on the performance of the engine 
and to compare the performance with that of the present Tapco engines. 

E. ~heS-fVB/501ContinuousVentThrustAccuracyRequirements 

The maximum average continuous vent thrust variation was 
determined to be 12 pounds. This limit assumes a failure of t he  space- 
craft  propulsion system, which results in a reentry acceleration of 20 g ' s .  

Steep reentry angles and high accelerations are the r e su l t  of th rus t  pre-  
dictions lower than the actual thrust. Vent thrust variations exceeding 
the allowable 12 pounds are not anticipated. 

F .  A c c e p t a n c e F i r i n g o f S a h r n V / S - I V B  

The S-IVB-503 acceptance firing will be changer1 f rom thc 
planned two-burn firing t o  a single-burn firing.  Thc stage will irrr tanked 

t o  100 percent less, approximately 4000 poundu of orbital hnii-off J J l l z ,  



and fired fo r  the full duration. J- 2 engine gimbaling .rvill be included in 
th is  t e s t .  The mainstage f i r i n g  will be followed by a repressurization 
t e s t  of the OZ JM,  burner with approximately 70 percent  propellant 
loading.  This change in the test plan will delay the acceptance firing of 
S-IVB-503 by one week; however, this delay is not expected to have an 
impact on the presently required delivery date. 

G . Prowellant Management Svstem 

A cracked weld on the bottom support mount ing  bracket of the 
S-IVB stage  LH2 probe w a s  discovered by the probe vendor,  Subsequent 
review oi probes already installed in S-IVB vehicles indicated that all 
probes were susceptible to the cracked welds.  These cracks resulted 
from an apparent deficiency in quality control.  T h e  stage contractor 
has dec ided  to reinfarce the welds on all  probe mounts with rivets. All 
probes will be reworked and all future probes manufactured by the vendor 
will have the rivets  ins ta l led.  This rework will n o t  affect the Propellant 
Util ization 'system in any way and the calibration will remain valid On all 
stages that have been static fired. 

IV. Instrument Unit 

A .  Methanol/WaterCorrosionBlamedforFailures 

The presence of hydrogen within the Launch Vehicle Data 
Adapter (LVDA) has caused failures in the LVDA. The suspected source  
for the Hz is the coolant passages, where Hz is a by-product of corrosion. 
The Hz leaks from the coolant passages into LVDA electronics section. 
Several pas sible solutions are under investigation: 

1 . Replacement  of in ternal  teflon flexible hose with stainless 
steel flexible hose. 

2. Purge of LVDA/LVDC case with GN2 . 
3 . U s e  of different coolant. 

4. Install HZ absorbers in coolant line or LVDAlLVDC c a s e s .  

5. Change LVDAJLVDC coolant passage mater ia l s  . 
6 .  Coat Hz susceptible components. 

B. ST- 124 Thermal-Vacuum Tests  

Thermal-vacuum t e s t s  of the ST-124 indicate that  temperature 
specifications will be exceeded only in hot orbi ts .  Results  of t h e  t e s t s  a l s o  
indicate that a drop in the Methanol/Water ( M / W )  average  tempcraturc 
will  maintain the ST- 124 within temperature specifications u n d c r  all orllitcil 
thermal conditions. The deair ed temperature d r o p  r cquir e s  a c h a n ~ r :  in iht= 

sublirnator M/W and water control circuits. This change. ifi b c i n ~  incr~rp-  

rated.  



C . Sublimator Acceptance T e s t  

Sublimator SN 0 19 completed the acceptance and production 
reliability t e s t s  . Sublirnator SN 02 1 completed the acceptance test and 
should complete the production reliability t e s t  by March 3 0 .  Sublimator 
SN 0 14 and SPY 020 are on hand for acceptance testing only. 

SPECIAL STUDIES 

I .  Voyager Program 

The conceptual design phase of the voyager program has started. 
Several de s j  gns  are undergoing evaluation before a selection of two 
candidates each of the liquid and solid concepts. 

II. Lunar Whee l  and Drive P r o g r a m  

The harmonic drive and wire-frame wheel t es t  art icles  were sub- 
jec ted to the planned thermal-vacuum t e s t s  by ACDRL . Two harmonic 
drives  were tested;  one went through approximately 13, 000 cycles  and 
the other about 45, 000 cycles before the t e s t s  were terminated due to 
failures in the drive units. A common problem with both units was 

galling of the gear teeth in the f lexspline and circular spline area. The 
fir s t  unit also developed a crack a t  the flexspline ear ly in the l e s t .  

The thermal vacuum test on the nutator drive and metal -elastic wheel 
t e s t  articles was delayed due to a discrepancy that developed in t h e  nutator 
drive during checkout tes ts .  Spare pa r t s  are available; however, a re- 
design is required to alleviate the problem of high radial loads on the nutator 
diaphragm. To expedite the start of the test on the metal elastic wheel, 
ACDRL is a1 so considering procuring another harmonic drive unit. 

111. Apollo Telescope Mount (ATML 

The present  Lunar Module (LM) Reaction Control System (RCS) engines 
impinge directly on the ATM rack and solar panels, causing intolerable 
heating and thrust los s .  Investigation of various solutions have shown that: 

A.  MovementofRCSenginestotherackcausesalargeweight 
penalty and will not solve the impingement heating problem if the ATM 
experiment package is lowered another 22 inches, as presently planned. 
Also, this is a very expensive task that would require a lengthy qualifica- 
t ion t e s t  program. 

B. Casting the  engines 20"  d o e s  not s ign i f i cant ly  h c l p  t h ~  hcnting 
or thrust  loss problem. 

C. With  the solar panele in the stowed pasit inn,  10-incli  I,y 4 2 - i n c h  

exhaust deflector a will solve the heating problems anrl causc only  a l ) ( l~~I  
five percent loss in thrust. Thrust deflectors will rcdrlcr: thc hcntinc anrl 

thrust loes nornewhat with the panels deployed. Heating i e  tolerable for 



an RCS firing time of 10 seconds, and p r ~ b a b l y  for as long as 15 o r  20 
seconds. Thrust l o s s  is  40 - 50 percent, as compared to 60 - 7 0  
per cent without deflectors . The LM/ATM control capability will  be 
d e  terrnined with panels deployed; exhaust deflectors will be used . 
Installation designs w i l l  be developed for L M  and rack mounting and 
the best arrangement wi31 be selected. The design for  retractable solar 
panels will panels will be pr epased but will not be implement unlese i t  
is determined that the LM/ATM is not contsollabIe with panels deployed. 

D. Panel retraction i s  more desirable than providing a hole in 
the panels. 

E . A contamination shield between solar panels is not considered 
to be feasible i f  retraction capability is provided. 

IV. Spar Thermal Deflection Test 

This t e s t  is being run to determine the deflection in the spar caused 
by thermal gradients. All hardware has been designed for this test and 
fabrication is approximately 50 percent complete. 

V . Thermal Control Systems Test of an Individual Quadrant 

This test is being run to determine the adequacy of the ther ma1 con- 
t ro l  system d e s i ~ n .  The quadrant being simulated contains the ASPrE and 
NRL-A experiments and the PCS solar sensor. Design of the hardware is 
complete and fabrication is approximately 30 percent complete. Des ign  of 
the insulation system has started. 

VL, Project Thermo 

A survey of literature was conducted to find another fluid with 
desirable properties t o  use with water in the two-fluid simulation experi- 
ment. It appear s that D o w  Oil No. 5 10 has desirable proper ties . 
VII Investigation of Freon E- E as a Low Temperature Hydraulic Fluid 

The break-in, calibration, pressure control ,  dynamic re sponse, and 
pressure cycling t e s t s  at ambient conditions were completed on the Vicker s 

Pump, SN MX7 1941 . Although the recorded test data did not indicate any 
significant changes in pump performance dur ing this t e s t  period, there were 
signs of p u m p  wear as revealed by the filter patch t e s t s .  The test setup i s  
now being modified for the low temperature test series. 

VILf, Laser Velocimeter 

The design of the  discreet sampling circuitry was f ina l i zed  anrl i s  
being packaged.  The system will have an operating rangc of up to H 5 0  K11 
with interchangeable filter circuits. Additional data were obtained at thc 
upper flow rates and is  being processed. 



IX, Fluid Transients i n  L o w  Gravity Fields 

The iliterface t e s t  package and slosh-impulse test package was 
tested successful ly .  The problem previously experienced with the 
carlera real time generator  was corrected,  The Dyna-tech t e s t  pack- 
a g e  is being modified for future test ing.  

X. h v e s t i ~ a t i o n  of Brazed and Welded Tube Connectors 

Twenty-four of the 1 14- inch tubing specimens have completed room 
temperature resonance dwell vibration t e a t s .  All 3 18-inch tubing rpeei- 
mene have completed past-impulse leakage t e s t s .  Thirty- eix of the 3 /4 -  
inch tubing specimens were cut ,  f lax ed, and fitted before proof and leak 
test ing.  

XI.  Orbital Workshop 

A .  LH, Tank Thermal Control System 

1 . Fire Retardant Liner Emittance Value 

Since internal radiant exchange is a significant m o d e  of 
heat transfer that results in reduction of wall temperature  gradients,  a 
decision was made to incorporate an a luminurn fo i l ,  f ire retardant liner 
that has an ernittance value of approximately ,05. T h i s  will significantly 
affect the Orbital Workshop thermal control sys tem performance, and 
studies are in progress t o  parametrically a s s e s s  the effect of the lower 
ernittance values. 

2. C r e w  Comfort  and Predicted Environment Compatibi l i ty 

Studies to e v a l u a t e  the Thermal Control System (TCS) 
performance for the ant ic ipa ted  mission A and B orientations are con- 
tinuing. Preliminary results from these studies indicate that the TCS 
cannot accommodate crew comfort requirements (thermal and  specific 
humidity) for both missions and yet  provide the r eqtlircd heat rejection.  
This problem is fur ther  aggravated by the potential insulation conduc- 
tivity v a r i a t i o n  that is caused by He /Hz diffusion i n to  and out of the 
insulation barrier. Further studies will be conducted to d e t e r m i n e  the 
magnitude of incompatibility with predicted and required values . 
XII,  Multiple Docking Adapter (MDA) 

A study to predict MDA inner wall temperatures  near the meteoroid 
shield and radiator supports was completed. The studies were conducted 
for a eonstant ' solar  input of 3.7 ~ t u l f t ' h h r  (deep space) or a radiator 
temperature of -30°F. These data show that the continunus s u p p o r t  
d e s i g n  r e s u l t a  in  temperatures significantly Iowcr than t he  Wol' m i n i r n u n ~  
allowable temperature, and to raise predicted wall ternpcraturcs above 
the allowable temperature by reducing contact area, thc con tad. ar c;i m u  fit 
be l e s ~  than 11100 of the or ig inal  area. A more refined a n a l y ~ i s  consider- 
ing conduction along the inner wall i a  being conducted. 



A thermal analysis of the MDA window d e s i ~ n  shows that  predicted 
temperatures of the inner glass exceed the allowable limits of 50"  F to 
90°F. For a cabin wall temperature between 60' and 9QaF,  a cabin wall 
emis siviky of 0.8, and a window shield emi s sivity of 0.2; the predicted 
inner glass temperatures were 5 5 "  to llO°F. 

ADVANCED PROPULSION AND TECHNOLOGY 

I .  J-ZX Engine P r o g r a m  

Test ing of the J-2X 0 13 engine has increased thc total accumulative 
f i r ing  time to over 1900 seconds during more than 40 t e s t s  . Salient 
features of the 013 engine system are parallel turbine drive and P U  con- 
t rol  of the fuel supply by a fuel pump recycle system', Pr i tnary  objectives 
successfully demon strated include deep throttling (8 percent of nominal 
thrust level), tank head start (start ing transients of 5.4 seconds), and PU 
control  at constant 3MR for  the engine. 

The supporting component development has; progressed with emphasis 
on the MK 29 fuel pump (scheduled for immediate 0 13 engine installation], 
initiation of a subcontract for  inflatable nozzle extension, wind tunnel 
analysi s of nozzle extension concepts, and solid propellant  tu rb ine  spinner 
technology. 

Lf . Sys terns and Dynamics Investigation (AEAJ 

The fabrication and assembly of the aerospike sol id wall thrust  
chamber and injector was completed and installed in the t e s t  stand. The 
fabrication of the stainless steel tube wall thrust chamber i s  nearly corn- 
pleted. The nickel tube wall thrust chamber i a  being fabricated. 

Wef, Propulsion Division 
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SATURN IB 

Saturn IB Sys t c rn  

A p u l l  t v s t  wan conducted on AS-204 to experimentally c l r t t ~ r m i n t a  

the. s t ra in  t o  load rr:lationship for the LOX studs located a t  Station 942. 
T h i s  c n n s t a n t  is required for computing bending moment. The 
eva l l~a t ion  of t h e  t e s t  results indicated the t e s t  was s u c c ~ s s l u l .  

SATURN V 

I. S-I1 Stage 

A .  SII/S-ICS Test Configurat ion 

A d e s i g n  layout h a s  been c a m p l e t t - d  for  joining thc. S-11 anrl 
S-IT,-S t ~ s t  sections.  

B. LH, Fevdline Elbow Test 

The  sccond S-11-5 feedline elbow was rrt*c~ivctl  ~ t n r l  i n s p r c ~ r - r l .  
A smal l  <:rack was iound and  removed and ih t ,  lit tin^ ins t ;~ l l ( . r l .  
Apprr~x irnat t : l y  f r j r t y  kjolts wrbrp waivr*d for imprnpr .  r in .;I , 1 1 1 ; t I  i o n .  '1 1 1 r m  

r - lhow prtas.*llrrh f , c . s t r - r l  d u r i n g  thrn wcbr-k ; ~ r i r l  s ~ ~ c  c I - + , ~ T I I I  l y will lsi  r , r r i l  

131  f ~ e r c . ( * n t  limit prcL\sl lrrn ( 4  1 .  6 p s i g ) .  

A vibrat ion analysis and  a structt tral  ; ~ n ; ~ l  y s i  5 wc.rc. * l r . r  O I I I -  



pl i  shcd t o  d e t e r m i n e  i f  laboratory vibration qualification tes t ing  at 
S&ID on t he  S-11-4 conf igura t ion  of the LH2 vent lint. was sa t i s fac to ry  
t o  qua l i f y  t h e  S-11- 1 configuration. The  resu l t s  of these  a n a l y s ~ s  
sho\r;cd t h a t  vibrat ion qualification of the  S-11-4 configuration would 
sa t i s fy  t he  r equ i r emen t s  of t h e  S-11-1 configuration b y  d y n a m i c  
similarit j- .  

D. Cracked - Lox Vent  Line in  the S-11-F/D V ~ h i c l c  

The S-I1 stage facility vehicle Lox vent l ine,  ins ide  the L o x  
tank fai led d u r i n g  dynamic tes t ing.  S&ID and MSFC dynamics groups  
are a s s e s s i n g  t h e  Lox vent l ine fa i lure  on the DTV. Visual  inspection 
of t h p  f a i l u r e  revea led  a crack in the center  par t  of the duct .  This 
c r a c k  i s  in t h e  c i rcumferent ia l  direction about 16 inches  long, which 
i s  approximately  180 d e g r e e s  around the line. Metal lurgical  investi  - 
gatron revealed that the cause of fa i lure  was  fatigue. It  was 
recommended that  the Lox vent l ine  in the S-11-1 stage of the AS-501 
vehicle a t  KSC and the S-11-2 stage a t  M T F  be inspected.  

E .  S-I1 Lox Ven t  Line S t ress  Concentration Test  

A tensile test  w a s  conducted on a segment  of S-I1 Lax vent 
l i n e ,  which contained s e v e r a l  c i rcumferen t ia l  offset welds ,  to 
determine the s t r e s s  concentrations resul t ing f rom the oCf se t .  T h r  
s p c c i m e n  was loaded to  45, 000 pounds. Good welds and offset welds 
wert. ins t rumented  to  obtain a b a s i s  for comparison of s t r e s ses .  
Ins t rumenta t ion included strain gages and "Photostress .  I '  

1. Evaluation of t he  test indicated t h a t  10070 offsr:t or mis-  
match gives a s t r e s s  concentration fac to r  of 2.  5 at operating s t ress  
1 ~ v t . l ~ .  The 50% peaking was the worst, defect, indica t ing  a c o n c e n -  
t ra t ion fac tor  of more than 3 at operating s tress  l eve l s .  

2 .  A stress analysis  h a s  been completed and the  r r su l t s  
indicated that  the s t r e s s  concentration d u e  tc ,  offset  a n d  pr,akirrc i s  
m o r e  than  t w i c r  as  high a s  the r e su l t s  of tht: ccmcr.ntri i t ion t r - s t .  

3. r3astatI on thc  a n a l y s i s  and the- tthst, t l ~ r .  $1 I - l i r  t l t  r r . 5  

Division agreed to ac.c:cpt an offset of 70y0 or  thin r n i r ~ i r r r ~ ~ r t ~  i l l i t  I t r ~ r - ~ : ~  
a n d  a 60% p e a k i n g  for the c r ~ n t r  r th i rd  o f  thc, l i n t , ,  ; I  t ~ c l  ; i t 1  ol ' i ' s t - t  



of 100% of the minimum thickness  and a 80% peaking for the  ends of 
the l ine.  

F. S-I1 Simulated Ullage Motor Test  

The S-I1 simulated ullage motor test was succcs sfully corn - 
pleted a t  MSFC" Structural  Test Laboratory M a r c h  16 and 17, 1967. 
Thc test  specimen uti l ized for th is  program was the 3-11 high force 
t e s t  in ter  s ta ge  specimen. Two loading conditions were simulated: 
( 1 )  E ight  motors fir ing,  loaded in increments to 130% of maximum 
motor t h r u s t  during flight, and ( 2 )  seven motors fir ing,  loaded in 
i n c r e m e n t s  to 130% of  maximum motor thrust  du r ing  f l igh t .  T h i s  
t es t  s t ruc tura l ly  qualified the S-I1 inter stage for AS- 50 1 f l ight .  

G. Safe and Arming Device Isolator Mount Evaluation T r s i s  

Sine and random vibrat ion t e s t s  were completed in t h r  
Vibra t ion  and Acoustics Branch t e s t  facility on four types  of v ih ra t io r~  
i so la tors  to evaluate their performance for use  with the s a f e t y  and 
a r m i n g  dtavice on t h e  Saturn V, S-I1 stage. Isolators from Lord 
Manufac tu r ing  Company, B a r r y  Controls,  Robinson Vibrashock, and 
Fir fastone Rubber Company were  subjected to pre -determined levels 
along th r  X, Y, and Z axes while supporting the safety and a rming  
d c v i c c .  The Lord and Robinson mounts survived the t e s t s  although 
t h e y  showed some detcrioration. The remaining two isolator s failed 
d u r i n g  t e s t s .  

H. Instrumentation Requirements 

Vibration and Acoust ics  Branch personnel mct  with N o r t h  
Arne rican Aviation personnel a t  Seal Beach, California to c s t a b l i s h  
joint requi rements  for static f i r ing  instrumentation for  s t a g t s  S - I I - 5 0 4  
and subs.  The established requirements, containing a total 01 90  vih- 
ration, acoustic, and s t ra in  measurements, will hc  implemcntccl u n d r r  
e x i s t i n g  change o rde r  489. 

I.  Changc  O r d c r  3 5 1  Testing 

S<avrbn t c m s t s  wr:rcb succc s s fu l l y  r.ornplt~tr+cl r l~ir  i r ~  q 1 l i i  :; r - r - j > o r l  - 
 in^ pcr iod.  T h f - y a r t v  a s  follows: 

1. SLTR- 14, LOX inboard fced l inc ,  ctrml~lc.tc~d M;it-c I1 L ,  I ')07 



2. SLTR-4, LOX fill anddra in  line completed M a r c h 7 ,  1967. 

3. SLTR-2, LOX tank pressu re  system completed March 8, 1967. 

4. SLTR-9, recirculation actuation system completed 
March 8, 1967. 

5. SLTR-24a, LOX destruct assembly completed March 20, 1967. 

6. SLTR-7, LHZ vent assembly, completed March  15 ,  1967. 

7. SLTR-21, LH recirculation lines completed March 18, 1967. 
2 

A meeting was held with representatives of DAC, IBM, and 
Industrial Operations on M a r c h  23, 1967 ,  t o  discuss  interface joint 
t e s t s  on the S-IVB stage. The following decisions w e r e  made. 

1 .  Station 3222: IBM and DAG will furnish hardware to 
M S F C  for five joint t e s t s .  

2. Station 3100: DAC will t e s t  five specimens. 

3.  Station2832: DAC wi l l t e s t f ive  specimens. 

4. Station 2746: The joint has been previously tested with 
both panels and full  scale hardware. Results will be carefully reviewed 
to determine capability. 

5. Station 2519: T h e  bolt s ize  will be increased to  3 / 8  
inch  diameter.  Three specimens will be tested by DAC with new 
bolts. Bolts will be A-286 material with 200 ksi  heat treat. 

111. Saturn V System 

Saturn V Damping System 

The p r i m a r y  damper  system for t h c  Mobi le  L;tunt.lir-r I w.is 

shipped to  Kennt:dy Spacc Ct -n t e r  for installation. l k s i ~ n  I iai s o r ~  

support w a s  1urn i sh t .d  for one wcek. N o  major  p r o l ~ l c ~ n i s  wr*rcn 

encountered. 7'hc p r imary  rlampcr system has not  kr.t:n inst i l l  I ( . < I .  



The auxi l iary damper system has  been tested and is presently being 
inspected by Quality Laboratory prior to  shipment to KSC. 

APOLLO APPLICATION PROGRAM 

I. Apollo Telescope Mount 

A deflection analysis of the LEM Ascent Stage and SLA at the 
point  of minimum clearance between the two has  been completrd. Thc 
resu l t s  of the analysis indicate a total deflection of . 62". The minimum 
clearance which i s  in the area of the  Rendezvous Radar Antenna is he- 
l ieved to be 1 .  50" in the unloaded condition. 

Deta i l  design of the ATM Rack structure is being continued. 
A t  the request of the Astrionics Laboratory, a study was made of 
modifications to the rack structure to permit astronaut access to the 
experiment package. Two concepts were furnished fo r  mock-up purposes. 

Conceptual de sign layouts for the solar panel location re la t ive 
to the rack were received from Astrionics. These layouts showed the 
hinge line located 11 inches below the base af the rack instead of t h e  8 
inches previously  agreed  upon and a s t ruc tura l  concept was devised 
fo r  t h e  relocated hinge line. 

Documentation of the AS-504C Rack configuration was resumed 
and completed as  requested by the Propulsion and Vehicle Engineering 
Laboratory Project Office. The s t ruc tura l  parts providing at tachment  
of the P M  experiment have been revised to coincide with the d r i l l  
fixtures provided b y  MSFC. The drawing r e l e a s e  list (DRL)effectivity 
w a s  changed from A S  -504 t o  a special purpose DRL number. 

IV.  C lus te r  Concept 

A .  Multiple Dc~c king Adapter (MDA 

Layouts;  of  the prr. s surc  shell,  axiiil cloc.ki nx ] i t)rt  ;I I I ~ I  r l  r.oj:l~( 

mounted radial ports have hvcn cornplcted. '1.h~: 1; iyouts wr:ri+ ~ i v t - 1 1  T I  



cursory stress check; however ,  the thermal ana lys i s  has  not been 
completed and changes are  anticipated a s  a result of this analysis .  
Al l  changes resulting from the coordination meeting with McDonnell 
representatives on M a r c h  16 have been incorporated into these 
layouts .  

B.  MDA- Loads Analysis 

Final Loads factors have tentatively been agreed upon. A 
loads analysis of the MDA was done for all launch and docking loads. 
Cri t ical  load cases were defined for various portions of the MDA. 

ADVANCED PROJECTS 

I. Nutator Dr ive  Test Program 

Contract  NAS8-20378,  Nutator Drive  Experimental Tcst  P rogram,  
was signed by MSFC on March 13, 1967. Bendix Corporation, A c r o -  
space Systems Division, will be attempting to design,  procure,  and 
test  a nuta tor  driv'e unit within a four-month period. 

11. Saturn V Voyager 

A .  Voyager  Shroud 

A discontinuity analysis  of the upper bulkhead-cylindrical 
shroud joint and a second configuration of the payload support cone- 
cyl indr ical  shroud j e i n t  has been completed. An analysis to  determine 
the motion of the Voyager shroud during separation in space has been 
initiated. The theory is completed and is now being programmed fo r  
solution on a digital computer. A resizing effort h a s  been completed 
for the shroud and nose cone utilizing the structural loads for  She 
45-foot shroud. Four  p r e l i m i n a r ~ d e s i g n  concepts for the s h r o u d  
separation system have been completed. W o r k  is continuing on t h r  
p rob lem of shroud and spacecraft separation clearances. J'l')t-tail 
dcsign d r a w i n g s  of the frustum portion of thc nos (>  chon(', rl t i l izing 
honcbycomk, to support  the rcscarch and d<:v(.lopmc.nt cmfrort o n  I;~r-gc. 

s h r r ~ u d s  havc hucn cornplt:ted. 



B. Vovaper Spacecraft 

A concept of a liquid engine Voyager spacecraft has been 
p repa red  and presented at  the Propulsion and Vehicle Engineer ing 
Labora tory  s ta tus  review meeting on M a r c h  23, 1967. This concept 
i s  for s tudy  purposes and will be modified as mortl des ign critcria 
and lnfarmation be come available. 

111. Pro jec t  Thermo 

The  pre l iminary  design drawings of t h c  rack structure [or P r n j c c t  
Therrno were  completed. This rack design is s imilar  to t h e  A T M  
Rack instead of the P M  Rack that was in i t ia l ly  used a s  the base line 
configurat ion.  

I V .  N u c l e a r  Ground Test Module 

A dr:sign layout fo r  the tail section was prepared. Coordination 
rncc t ings  w e r e  held with o t h e r  design elements reRard ing  umbilical 
Locations, suction lines, f i l l  and drain, etc. The support bracket ior 
thc rmergency  cool down Line is  being investigated.  Pre l iminary  
s t r c n g t h  studies indica te  that  the elliptical head ra ther  t h a n  t he  
conical head  i s  better s t ructural ly .  These h e a d  configurations are 
s t i l l  being  evaluated. An elliptical head inclicatrs approximately 50 
inc11r.s savings  in the length  of the flight vehicle.  

V .  C r e w  Motion Study 

Laboratory t e s t ing  i s  in  p rogress  in the vibrat ion and arotistics 
t e s t i n g  facilities of Structures  Division to determine the f c a s i h i l i t y  
of measuring the forces e x e r t e d  on the spacecraft by crew motion a n d  
to dete rmine  the possibility of reducing or eliminating thesc  Iorces by  
isolating the c r e w  from the spacecraft. Prel iminary resu l t s  indicatc 
that c r e w  motion forces  can be measured in the  laboratory and 
parametr ic  studies a r e  underway t o  evaluate various mechanisms of 
isolation. 

VI. L u n a r  W h e e l  and D r i v c  Tes t  P r o g r a m  

A .  Test ing Status 

I .  Final tr: st spr-cification and n t * l ~ r - r l ~ l l i '  ~ ~ ; l v ~ .  I J < - 1 - 1 1  



recr ivcd  f r o m  General  Motors .  

2 .  A C  D e f e n s ~  Research Laboratorie s t  thermal/vacuum 
tes t ing on t h e  harmonic drive /wire: wheel has been p r e r n a t u r ~ l y  com- 
pleted due  t o  failure of the drive spline gear in both t e s t  uni ts .  
Fai lure  scems  to be associated with a breakdown in lubrication with 
consequent  excessive wearing of the spline teeth. 

B. P roc ram Approach 

1. Recause of t h e  above failure in the Lunar W h e e l  and 
r e  Tr=st Program, AC-DRL i s  following two c o u r s e s  in selecting 
a success fu l  dr ive unit  to couple with t he  metal elastic wheel fo r  
completion of t h c  thcrrnal/vacuum tes t ing.  

2 .  One approach i s  to procure a harmonic d r ive  unit by 
M a r c h  27, 1967, from United Shae Machinery Corporat ion.  This 
unit will be modified from the two initial units  in that  t he re  will be a 
l a r g e r  tolerance exist ing on the spline gear assembly and a d i f f r r e n t  
method of lubrication will be t r i ed .  

3. The second approach lies in modifying the nu ta to r  d r i v c  
unit to reduce its inefficiencies. Two proposed changes are as 
fol lows:  ( 1 )  Replace the c r i t i ca l  input shaft bearing with a dotlhlr-  

row b e a r i n g ,  and (2)  relocate the nutation center on thp i n p u t  shaft. 
Tht .  abovc two changes require  a new input shaft, which has bcen 
rnanufactrlrc.d. In the event t h a t  the above proposals do not prove  
succc:ssful, a chem milling of the diaphragm assembly to reducc its 
s t i f f n p s s  wil l  hc  t r i ed .  

4. Both of the above approaches must bc completed by 
M a r c h  2 5 ,  1967, when i t  will be decided which d r i ve  will be put in 
the  vacuum chamber. Tentative p lans  call for completing all vacuum 
t c  s t ing  under the wheel and drive program by M a r c h  31, 1967. 



 
 
Note: Reference to the Document Monthly Progress Report (March 1st 1967 through 
March 31st 1967) following are the missing pages.  
Page Nos – 32, 44, & 56. 


