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S e c t i o n  5 

RELIADI LITY 

5.1 SUMMARY OF YEAR ENDING 3 1  DECEMBER 1962 

5 -1.1 Establ i shment  of  S tandards  and Tachniaues  

The f u n c t i o n  of t h e  Apollo R e l i a b i l i t y  g m u p  a t  Kollsman was 
to a s s u r e  t h e  r e l i a b i l i t y  of  t h e  p r o d u c t ,  by e s t a b l i s h i n g  s t a n d a r d s  
of workmans h i p  , t e c h n i q u e s  of manufac ture ,  t echn iques  and s t a n d a r d s  
f o r  t h e  measurement o f  achieved r e l i a b i l i t y ,  and by i n d o c t r i n a t i n g  
p r o j  ect personnel  w i t h  R e l i a b i l i t y  c o n c e p t s  and Reliabi  l i t y  con- 
s c i o u s n e s s .  

5.1.2 P r e p a r a t i o n  of R e l i a b i l i t y  P l a n  

During t h i s  period t h e  R e l i a b i l B t y  P l a n  was prepared ,  r e v i s e d  
and re -submi t ted  t o  MIT/IL for f i n a l  approval .  I n  view o f  t h e  
cons ide rab ly  i n c r e a s e d  scope of work proposed subsequent  t o  t h a t  
estimated i n  the i n i t i a l  proposal, a s tudy  was i n i t i a t e d  t o  de- 
t e r m i n e  what a d d i t i o n a l  f aci l i t ies  and/or equipment were necessary  
t o  f u l f i l l  t h e  R e l i a b i l i t y  requi rements  of t h e  program. 

The R e l i a b i l i t y  Mi les tone  Char t  is shown i n  F i g u r e  5-1. 

The R e l i a b i l i t y  Group's  f u n c t i o n  was a program of de te rmininq  
r e l i a b i l i t y  r equ i remen t s  th rough r e l i a b i l i t y  analyses, environmental  
analyses, d e s i g n  review, t e s t  p lann ing  and s e l e c t i o n  of par t s  and 
m a t e r i a l s  f o r  t h e  Apol lo  Opt ica l  Subsystem. 

5.1.3 Assiqnments 

Work was performed during t h i s  period a g a i n s t  t h e  fo l lowing  
MIT T e c h n i c a l  D i r e c t i v e s  : 

T D  K3 - R e l i a b i l i t y  Implementat ion P l a n  
TD K - 1 1  - Vendor R e l i a b i l i t y  and Q u a l i t y  Con t ro l  
TD K-20 - F a i l u r e  Repor t ing  System 
T D  K-28 - R e l i a b i l i t y  Analys is  
TD K-29 - R e l i a b i l i t y  Test and Evaluatj~n 
T D  K-30 - R e l i a b i l i t y  T r a i n i n g  
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The long range e f f o r t  o f  t h e  R e l i a b i l i t y  Group was broken 
down i n t o  t h e  fol lowing major ca t egor i e s ,  p ro jec ted  on t h e  m i l e -  
s t o n e  chart (Figure 5-2) : 

R e l i a b i l i t y  Program 
P a r t s  and m a t e r i a l s  r e l e c t i o n  and app l i ca t ion  
P a r t s  and materials t e s t i n g  
R e l i a b i l i t y  a n a l y s i s  
Environmental analy a is 
Design review 
F a i l u r e  r epor t ing  
Q u a l i t y  Assurance coord ina t ion  
Data cen te r  
R e l i a b i l i t y  demonstration 
Operat ional  reliabk Lity 
Tra in ing  

Progress  was m a d e  on a l l  phases except R e l i a b i l i t y  demonstra- 
t i o n  and Opera t iona l  r e l i a b i l i t y  which were not  due f o r  a c t i o n  
u n t i l  t h e  t h i r d  q u a r t e r  of 1963. 

5.1.4 Acoomplishments 

The R e l i a b i l i t y  Implementation Plan w a s  completed and submitted 
to  MIT f o r  review and approved i n  accardance with TD K-3. A study - - 

was i n i t i a t e d  and completed to  determine t h e  a d d i t i o n a l  f a c i l i t i e s  8 
and equipment necessary i n  view of t h e  increased scope of effort. h* 
The r e l i a b i l i t y  work performed was as follows: i 

& 
"k 

1. TD K - 1 1  

Tra in ing of  purchasing department r ep resen ta t ives  and poten- 
t i a l  beryl l ium vendors i n  r e l i a b i l i t y  requirements was inaugurated 
through t w o  t r a i n i n g  s e s s i o n s  conducted i n  co l l abora t ion  w i t h  t h e  
Qual i ty  Assurance Department's t r a i n i n g  program. Promoting better 
understanding o f  t h e  high re1 i a b i l i t y  requirements for purchased 
items increased the  o v e r a l l  e f f e c t i v e n e s s  of t h e  procurement pro- 
gram. A t  the vendor t r a i n i n g  s e s s i o n  1 9  vendor r ep resen ta t ives  
covering 9 companies were presen t .  

Three beryl l ium vendors w e r e  surveyed and evaluated  favorably : 
American Beryllium Cozporation, Sarasota, F:*orida, American 
P rec i s ion  Indus t ry ,  Buffalo,  New York, and Reeves Instrument 
Corporation, Garden Ci ty ,  New York. Fish-Schunnan, New Rochelle,  
New York, w a s  approved as a s u p p l i e r  of o p t i c a l  g l a s s .  Approval 
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as a p rocesso r  f o r  vacuum d e p s i t i o n  o f  a n t i - r e f l e c t i v e  c o a t i n g s  
w a s  w i t h h e l d  from Fish--Schurman because o f  t h e i r  r e l u c t a n c e  to 
conform t o  p r o c e s s  c o n t r o l  requi rements  . 

Review o f  problems and r2quirements  i n  p rov id ing  a high pre-  
c i s i o n  r e s o l v e r  w a s  h e l d  a t  Eclipse P ionee r  D i v i s i o n  o f  Bandix 
Corpora t ion  a t  T e t e r b o r o ,  New J e r s e y .  T h i s  r e s o l v e r  was i n  :.he 
breadboard s t a g e .  As v e r y  l i t t l e  in fo rmat ion  was a v a i l a b l e  w i t h  
r e g a r d  t o  r e l i a b i l i t y a  a  number of Q u a l i t y  problems were q u i t e  
e v i d e n t  and of  g r e a t  concern .  

Q u a l i f i c a t i o n  t e s t i n g  phi losophy was reviewed i n  de ta i l  at, a 
meet ing a t  MIT/IL on December 4 ,  conducted by M r .  G. Mayo. I n  
l i n e  w i t h  t h e  o b j e c t i v e  to  e l i m i n a t e  d u p l i c a t e  test  e f f o r t  on parts 
and materials used by more t h a n  o n e  p . s r t i c i p a t i n g  m n t r a c t o r ,  
Kollsman was assigned t h e  r e s p o n s i b i l i t y  f o r  drawing up t es t  p l a n s  
f o r  r o t a t i n g  components, m a t e r i a l s  and g l a s s .  T h i s  program u t i l i z e d  
r e s u l t s  of t h e  envi ronmenta l  s t u d i e s  a l r e a d y  conducted and w a s  o f  
g r e a t  v a l u e  i n  p lann ing  tests of  o t h e r  p o r t i o n s  o f  t h e  o p t i c a l  sub-  
system. 

I n i t i a l  tes t  p lans  for motor-generators  were suspended and the 
purchase  o r d e r  f c r  1 2  u n i t s  r e c a l l e d  when t h e  sextant des ign  was 
h e l d  up. The plans were updated t o  conform t o  t h e  l a t e s t  test p l a n  
p h i l o s o r h y  and t o  c o n s i d e r  more r e c e n t  envi ronmenta l  d a t a .  The 
motor g e n e r a t o r  was r e t a i n e d  i n  t h e  new s e x t a n t  d e s i g n  and a  a w c i -  
f i c a t i o n  c o n t r o l  drawing was completed for t h e  purchase  o f  t h o s e  
motor-generators  for  q u a l i f i c a t i o n  t e s t i n g .  

The R e l i a b i l i t y  Data Center  was i n  o p e r a t i o n  and con ta ined  
f i l e s  o f  e n g i n e e r i n s  ref a rences  , s p e c i f  i c a t i a n s  , r e p o r t s  and reli- 
a b i l i t y  in fo rmat ion .  The f i rs t  set o f  r e l i a b i l i t y  a b s t r a c t s  was 
i-eceived from NASA. A " R e l i a b i l i t y  Data Summary" foxm was i n s t i -  
t u t e d  and ma in ta ined  i n  t h e  Data Cente r  as t h e  prime s o u r c e  of 
r e l i a b i l i t y  i n f o r m a t i o n  o n  each part  of t h e  o p t i c a l  subsystem (see 
F i g u r e  5-3) .  

Coord ina t ion  with Q u a l i t y  Assuraxrce w a s  s a i n t a i n e d  on  a can- 
t i n u o u s  b a s i s .  Noteworthy a c t i o n s  a long t h e s e  l i n e s  w e r e  co- 
o r d i n a t e d  i n  p r e p a r a t i o n  o f  t h e  f a i l u r e  r e p a r t i n g  s y s  tern, t h e  
purchased items t r a i n i n g  program, and vendor s u r v e y s ,  conducted 
p r i m a r i l y  by Q u a l i t y  Assurance. 

The p r e l i m i n a r y  p l a n  for  t h e  Apollo F a i l u r e  Repor t ing  System 
w a s  s u b m i t t e d  to  MIT f o r  review and approva7 .  This  p l a n  inoorpar- 
ated aspects of t h e  A.C. Spark P lug  f a i l u r e  r e p o r t i n g  system t h a t  
r e q u i r e d  a c t i o n  by KoLlsman as e s t a b l i s h e d  a t  a c o o r d i n a t i o n  meet- 
i n g  held by ACSP. It also showed t h e  de ta i l s  of t h e  system fo r  
r e p o r t i n g  f a i l u r e s  that migh t  occur  a t  Kollsman and t h e  procedure  
f o r  o b t a i n i n g  e f f e c t i v e  c o r r e c t i v e  a c t i o n .  KO l l sman prepared  t h e  
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i n t e r n a l  f a i l u r e  reporc i .ng  on a r e p o r t  form des igned  f ~ r  i n t e r n a l  
p r o c e s s i n g .  F a i l u r e s  from t h e  f i e l d  o r  f i n a l  a c c e p t a n c e  t e s t i n g  
were c o o r d i n a t e d  between ACSP and Kollsman by t h e  ACSP MIL 1352 
form. 

An initial R e l i a b i l i t y  A n a l y s i s  of t h e  S e x t a n t  w a s  performed 
u t i l i z i n g  f a i l u r e  r a t e s  r e c e i v e d  from MIT and mechanica l  f a i l u r e  
rates t a k e n  from, " R e l i a b i l i t y  A p p l i c a t f  on and A n a l y s i s  Guide 
MI-60-54, ~ e v i s i o n  1, J u l y ,  1961" ,  The M a r t i n  Company, Delrver . 
T h i s  a n a l y s i s  r e s u l t e d  i n  t.he f o l l o w i n g  r e l i a b i l i t y  estlms t e  f o r  
t h e  S e x t a n t :  

Ope,rat i n g  F a i l u r e  Ra te  R e l i a b i l i t y  
Mode % / l o 0 0  Hrs . f o r  - 27 H r .  *era -..- 

Star  2.32 . 99937 

S t a r  and Landmark 3 .26  .99912 

T h i s  estimate was r e v i s e d  t o  r e f l e c t  t h e  l a t e s t  r e d e s i g n  i n  
t h e  S e x t a n t .  The r e l i a b i l i t y  appor t i onmen t  f o r  t h e  S e x t a n t  and 
T e l e s o a p e  is - 9 9 8 5  a s  s p e c i f i e d  by PIIT/IL. 

Tmproved r e l i a b i l i t y  models w e r e  deve loped  f o r  t h e  s e x t a n t  
and  t e l e s c o p e  as a d d i t i s n a l  d e s i g n  data  became a v a i l a b l e  ( f i g u r e s  
5-4 and 5 - 5 ) .  These  models s e r v e d  as a basis f o r  new r e l i a b i l i t y  
c a l c u l a t i o n s  and wore a  major c o n s i d e r a t i o n  i n  e s t a b l i s h i n g  t h e  
r e l i a b i l i t y  t e s t  program. Possible modes of f a i l u r e ,  t h e  e f f e c t s  
of f a i l u r e  o n  o p e r a t i n g  modes w e r e  s t u d i e d  and c o n s t i t u t e d  f u r t h e r  
f a c t o r s  i n  t e s t  p l a n a i n g  and r e l i a b i l i t y  improvement.  I n c l u d e d  i n  
these s t u d i e s  w a s  a n  error a n a l y s i s  where  t h e  e f f e c t s  o n  sys t em 
pe r fo rmance  were e v a l u a t e d  as a r e s u l t  of combina t ions  of slectri-  
ca l ,  m e c h a n i c a l ,  and opt ica l  errors for  worst case a n a l y s i s .  A 
r e l i a b i l i t y  a n a l y s i s  form ( f i g u r e  5-6) was use? f o r  t h e s e  e v a l u a -  
t i o n s .  

An o u t l i n e  o f  e n v i r o n m e a t a l  i n f l u e n c e s ,  t o  whicb, t h e  O p t i c a l  
s/S was s u b j e c t e d ,  w a s  based upon e x i s t i n g  e n g i n e e r i n g  da ta  f o r  
s imi la r  s p a r e  a p p l i c a t i o n  2nd f o r  v a r i o u s  p u b l i s h e d  s o u r c e s .  The 
i n f c r n a t i o n  was required f o r  use i n  t h e  s e l e c t i o n  of  materials anti 
p a r t s ;  t h e  performance of  d e s i g n  review; aid t o  d e s i g n  e n g i n e e r s  
in a p p l i c a t i o n ;  and to  a lesser e x t e n t ,  background data  to  pros -  
p e c t i v e  vendor s  and s u p p l i e r s .  
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An e x t e n s i v e  t he rma l  analy  s is was performed t o  a c c u r a t e l y  
d e f i n e  subsys tem t e m p e r a t u r e  l e v e l s  and t h e i r  e f f e c t s  o n  per-  
formance and l i f e  c h a r a c t e r i s  t i cs .  

The R e l i a b i l i t y  Group p a r t i c i p a t . e d  i n  f i v e  d e s i g n  rev iew 
mee t ings  and  i n  e n g i n e e r i n g  p l a n n i n g  m e e t i n g s .  Items covered  i n -  
c l u d e d  change  i n  m a t e r i a l  from A151 4 1 6  t o  A151 4 4 0  S t a i n l e s s  
Steel,  s e l e c t i o n  o f  o p t i c a l  glass to resist d i s c o l o r a t i o n  from 
gamma r a d i a t i o n ,  f i n a l  packaging o f  t h e  O p t i c a l  Subsystem, h e a t  
t r e a t m e n t  r e q u i r e m e n t s  , and dimens i o n a l  t o l e r a n c i n g  . A d e s i g n  
rev iew c h e c k l i s t  was developed as  a n  a i d  t o  d e s i g n  e n g i n e e r s  i n  
p r e p a r i n g  t h e  o r i g i n a l  d e s i g n s  and as a f u r t h e r  a i d  i n  d e s i g n  
rev iew.  The c h e c k l i s t  p o i n t s  o u t  such c o n s i d e r a t i o n s  a s  c o r r o s i o n  
r e s i s t a n c e  , t h e r m a l  c o e f f i c i e n t s  of  e x p a n s i o n ,  stress d i s t r i b u t i o n ,  
l o c k i n g  devices, t h e r m a l  e f fec ts  , s t r e n g t h  and r e s i l i e n c y .  

R e l i a b i l i t y  models and c a l c u . l a t i o n s  were c z n t i n u e d  and 
r e f i n e d  as new d e s i g n  and per formance  i n f o r m a t i o n  became a v a i l -  
able.  Error  a n a l y s i s  and f a i l u r e  e f f e c t  a n a l y s i s  were i n c l u d e d  i n  
t h e  c a l c u l a t i o n s .  

The t h e r m a l  a n a l y s i s  was c o n t i n u e d  and a d e t a i l e d  s t u d y  of 
v i b r a t i o n  and a c c e l e r a t i o n  effects  was s t a r t e d  c o n c u r r e n t l y  w i t h  
t h e  t h e r m a l  a n a l y s i s  t o  f a c i l i t a t e  d e s i g n  comple t ion  and t o  de- 
t e r m i n e  areas r e q u i r i n g  r e l i a b i l i t y  improvement. 

The q u a l i f i c a t i o n  tes t  program w a s  o u t l i n e d  and p l a n s  
g e n e r a t e d  f o r  t e s t i n g  of r o t a r y  components, m a t e r i a l s ,  and  o p t i c s .  

Vendor i n d o c t r i n a t i o n  i n  r e l i a b i l i t y  fo l l owed  by vendor  s u r -  
v e y s  e v a l u a t i o n s  w a s  c o n t i n u e d  i n  c o o p e r a t i o n  w i t h  Q u a l i t y  
As s u r a n c e  . 



5 . 2  SUMMARY O F  YEAR ENDING 31 December 1 9 6 3  

5 .2 .1  Assignments  

TDK- 11 Vendor R e l i a b i l i t y  and Q u a l i t y  C o n t r o l  

TDK-2 8 R e l i a b i l i t y  A n a l y s i s  

TDK-29 R e l i a b i l i t y  T e s t  E v a l u a t i o n  

TDK- 30 R e l i a b i l i t y  T r a i n i n g  

TDK-42 Design E v a l u a t i o n  and Q u a l i f i c a t i o n  T e s t  
Program 

Sh ipp ing  C o n t a i n e r  Design 

Thermal A n a l y s i s  

TDK- 6 1 AGE 2  Mechanical  I n t e g r i t y  T e s t  

TDK- 76 

TDK- 79 

TDK- 81 

TDK- 8 3 

TDK-103 

S t r e s s  A n a l y s i s  

F a i l u r e  Repor t i ng  Sys  tern 
AGE 1 and 2 MDV Mechanical  i n t e g r i t y  and 
Thermal A n a l y s i s  

P a r t  Q u a l i f i c a t i o n  T e s t  Program ( r e p l a c e s  
T D ' s  29 and 4 2 )  

O p t i c a l  N a v i g a t i o n a l  Base Assembly S h i p p i n g  
C o n t a i n e r  and C r a d l e  

AGE 1 O p t i c a l  Subsystem Thermal/Vacuum T e s t s  

F a b r i c a t i o n  o f  f o u r  OSS Sh ipp ing  C o n t a i n e r s  

TDK-11 Vendor R e l i a b i l i t y  and  Q u a l i t y  C o n t r o l  - 
a. D e s c r i p t i o n  of E f f o r t  

During t h e  r e p o r t i n g  p e r i o d  work c o n t i n u e d  on t h i s  TD, 
which w a s  i n i t i a t e d  i n  1962, a u t h o r i z i n g  work t o  be pe,.rZormed as 
s u p p o r t  t o  MIT Design and R e l i a b i l i t y  i n  t h e  s e l e c t i o n  o f  component 
parts a n d  materials f o r  t h e  Op t i ca l  Subsystem. T h i s  e f f o r t  i n -  
c l u d e d  r ev i ew o f  a v a i l a b l e  d a t a ,  vendor  s u r v e y s  and  a p p r o v a l  o f  
s o u r c e s ,  i n i t i a l  e v a l u a t i o n  of p a r t s ,  d e t e r  a i n a t i o n  o f  i n h e r e n t  
weaknesses  and /o r  f a i l u r e  mechanisms o f  p a r t s ,  i n s t i t u t i o n  o f  cor- 
r e c t i v e  a c t i o n  p r o c e d u r e s ,  recomdendat ions  for p a r t s  improvement, 
p r e p a r a t i o n  of procurement  s p e c i f i c a t i o n s  and /o r  SCD's, recommend- 
a t i o n s  f o r  c o n t r o l  o f  c r i t i c a l  items, recommendations f o r  burn- in  
and  s c r e e n i n g  tests, and p l a n n i n g  f o r  q u a l i f i c a t i o n  tests of p a r t s .  
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b. Accomplishments 

Vendor s u r v e y s  on p o t e n t i a l  s u p p l i e r s  o f  p a r t s  and mater-  
i a l s  f o r  t h e  O p t i c a l  Subsystem c o n t i n u e d .  A s  a c o n t i n u i n g  e f f o r t ,  
components f u r n i s h e d  by vendors  n o t  i n  acco rdance  w i t h  t h e  o r i g i n a l  
drawing s p e c i f i c a t i o n s  w e r e  s u b m i t t e d  t o  t h e  M a t e r i a l  Review Board 
(MRB) and rev iewed  by R e l i a b i l i t y  i n  con j u n c t i o n  w i t h  P r o j e c t  Engi- 
n e e r i n g  and  Q u a l i t y  Assurance  to  d e t e r m i n e  a c c e p t a n c e  o r  d i s p o s i -  
t i o n  o f  rejected par t s .  

S p e c i f i c a t i o n  changes  s u b m i t t e d  t o  MIT v i a  w a i v e r s  were co- 
o r d i n a t e d  and reviewed by R e l i a b i l i t y  i n  c o n j u n c t i o n  w i t h  P r o j e c t  
Eng inee r ing  and Q u a l i t y  Assurance  t o  d e t e r m i m  t h e  a c c e p t a b i l i t y  of 
t h e  d e v i a t i o n s  and t h e i r  e f f e c t  on  o t h e r  a r e a s .  

A comprehensive  rev iew o f  a l l  MIT/IL approved w a i v e r s  w a s  
i n i t i a t e d .  The pu rpose  w a s  to  i' s t i t u t e  and e f f e c t  c o r r e c t i v e  
a c t i o n  i n  s u f f i c i e n t  t i m e  f o r  B l o c k  I1 e f f e c t i v i t y .  

c. Problem Areas 

The re  w a s  a need for  a d d i t i o n a l  fund ing  f o r  a R e l i a b i l i t y  
A u d i t  e f fo r t .  T h i s  e f f o r t  was e x t r e m e l y  i m p o r t a n t  i n  view of t h e  
f a c t  t h a t  (1) t h e  P a r t s  Q u a l i f i c a t i o n  T e s t  Program i n v o l v e d  v a r i o u s  
p a r t s ,  f o r  which q ~ a l i t y  w a i v e r s  ( t o  ND 1015404) had been  a f f e c t e d ,  
and ( 2 )  p a r t s  procurement  for d e l i v e r a b l e  and f l i g h t  hardware  were 
accompl i shed  by s e p a r a t e  buys o r  lo t s .  

a. D e s c r i p t i o n  o f  E f f o r t  

T h i s  T D  i n i t i a t e d  i n  1962 a u t h o r i z e d  a r e l i a b i l i t y  a n a l y s i s  
t o  be performed a n  t h e  O p t i c a l  Subsystem. T h i s  e f f o r t  i n c l u d e d  
f a i l u r e  e f f e c t ,  e n v i r o n m e n t a l  s t u d i e s ,  d e s i g n  rev iew,  r e l i a b i l i t y  
p r e d i c t i o n s  and a s s e s s m e n t s .  

b. Accomplishments 

A q u a n t i t a t i v e  reliability a n a l y s i s  report f o r  t h e  OSS and 
MDV was u p d a t e d  t o  i n c l u d e  l a t e s t  sy s t em c o n f i g u r a t i o n  and i n c l u d e d  
an i n i t i a l  p r e d i c t i o n ,  a m a i n t a i n a b i l i t y  a n a l y s i s ,  f u n c t i o n a l  b l o c k  
diagrams for t h e  OSS and MDV, and  an appendix  which described a 
method f o r  a n a l y z i n g  t h e  combined s t a t i s t i c a l  b e h a v i o r  of electri- 
cal a n d  mechan ica l  parts .  Because of s i g n i f i c a n t  changes  i n  oper- 
a t i n g  t i m e s ,  checkou t  policies,  and  o v e r a l l  r e p a i r  cycle t i m e ,  t h e  
m a i n t a i n a b i l i t y  and a v a i l a b i l i t y  r e s u l t s  w e r  2 updated.  

Design reviews on t h e  MDV and OSS were a t t e n d e d  by R e l i a b i l i t y  
and recommendations were made i n  acco rdance  with f i n d i n g s  from t h e  
r e l i a b i l i t y  and env i ronmen ta l  a n a l y s e s .  
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5 . 2 . 4  TDK-29 R e l i a b i l i t y  T e s t  and E v a l u a t i o n  

a. D e s c r i p t i o n  of Effort 

P r e p a r e d  d e t a i l e d  t e s t  p l a n s  p e r t a i n i n g  to  r e l i a b i l i t y  
tests and e v a l u a t i o n s .  Submi t ted  completed  t es t  p l a n s  to  MIT/IL 
for rev iew and a p p r o v a l .  P lanned and d e s i g n e d  t es t  equ ipment ,  
tes t  f i x t u r e s  and a s s o c i a t e d  equipment  n e c e s s a r y  f o r  r e l i a b i l i t y  
e v a l u a t i o n  and test  of o p t i c a l  s u b a s s e m b l i e s  and p a r t s ;  a l s o  f o r  
s u b s e q u e n t  q u a l i f i c a t i o n  test of t h e  comple te  op t ica l  sys tem.  

b.  Accomplishments (see Table 5-1) 

Test p l a n s  g o v e r n i n g  t h e  q u a l i f i c a t i o n  programs f o r  p a r t s  
and  s u b a s s e m b l i e s  were s u b m i t t e d  to  MIT/IL.  T e s t  p r o c e d u r e s  f o r  
q u a l i f i c a t i o n  t e s t i n g  o f  t h e  p a r t s ,  a s s i g n e d  as Kollsman respon- 
s i b i l i t y ,  were w r i t t e n .  The tes t  p l a n s  submit ted  t o  MIT/IL were 
used  a s  a basis for t h e  t es t  p rocedures .  Complete sets of t es t  
equ ipment  (MDV c o n s o l e  and f u n c t i o n a l  tester) w e r e  manufac tured  
for  R e l i a b i l i t y  q u a l i f i c a t i o n  use .  An a d d i t i o n a l  t o t a l  of 2 3  t e s t  
f i x t u r e s  w e r e  d e s i g n e d  and checked ..prior to t h e i r  release for  manu- 
f  a c t u r i n g  . 

Four test  f i x t u r e s  which were completed underwent  d e s i g n  
changes  due to  a change i n  t es t  c o n c e p t s .  Designs  o f  cables f o r  
e n v i r o n m e n t a l  chambers (vacuum, humid i ty  , etc. ) w e r e  complet.ed. 
I n  Table 5-1 is  a l i s t  o f  t h e  completed  o v e r a l l  s t a t u s  o f  t h e  
R e l i a b i l i t y  T e s t  f i x t u r e s .  

c .  Implementa t ion  o f  TDK-80 

TDK-80 (which r e d e f i n e d  t h e  q u a l i f i c a t i o n  test  program 
s p e c i f i e d  i n  TDK-42) w a s  s u b m i t t e d  t o  NASA/MSC and MIT for review 
and a p p r o v a l .  The new p r o p o s a l  showed manload ing ,  f a c i l i t y  and 
equipment  needs .  Each i t e m  w a s  treated i n d i v i d u a l l y  and the ef for t  
that w a s  a u t h o r i z e d .  The r e v i s e d  s c o p e  shown i n  TDK-80 w a s  sup- 
p l e m e n t a l  t o  the e x i s t i n g  r e l i a b i l i t y  program. 

.3pproval i; .f  TDK-80 was r e q u i r e d  b e f o r e  the e n d  of the re- 
p o r t i n g  p e r i o d  t o  a v o i d  t h e  f o l l o w i n g :  

a.  A d u p l i c a t i o n  of e f f o r t  i n  equipment  d e s i g n .  
b. Higher  costs i n  piece p a r t s  i f  s e p a r a t e  buy orders were 

r e q u i r e d .  

c. Unnecessary  loss of t i m e  i n  a c h i e v i n g  q u a l i f i c a t i o n  ob- 
j e c t i v e s .  

d. ~ d d i  t i o n a l  env i ronmen ta l  equipment  w a s  r e q u i r e d  ( t o  sup- 
p lement  K I  equipment)  t o  implement t h e  e f f o r t  s p e c i f i e d  
i n  TDK-80 : They i n c l u d e d :  three s m a l l  vacuum chambers,  
o n e  shock tester , and a s s o c i a t e d  i n s t r u m e n t a t i o n .  
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Table  5-1  

R e l i a b i l i t y  Test F i x t u r e  S t a t u s  

F i x t u r e  
Numbers D e s c r i p t i o n  Design Fabrication 

IN Comp 1. IN Complete 

10-23330-0091 Thermal Vacuum OSS X X 

0111 Humidity - 0s:; X X 

0093 Thermal Vacuum- MDV X X 

0094 Humidity - MDV X X 

0090 V i b r a t i o n  .- OSS X 

0103 Shock ( Y - Y  A x i s )  OSS X 

0112 Shock ( X - Y  A x i s )  OSS X 

0 1 9 4  Shock (L-Z A x i s )  OSS 

0092  V i b r a t i o n  - MDV 

0117 Shock - MDV 

0115 V i b r a t i o n  - Fixed Mirror 
6 Beam S p l i t t e r  

0113 Shock - F i x e d M i r r o r  & 
Beam Splitter 

0112 Thermal Vacuum - F i x e d  X 
Plirrar 6 Beam S p l i t t e r  

0 1 1 6  Humidity - Fixed Mirror 
& Beam S p l i t t e r  

0 1 1 8  V i b r a t i o n  - Obj, E I n t e r  
Lens Assembly 

0124 Temperature E Thermal 
VacuumOOb j . E Inter-Lens  

0 1 1 4  Humidity - Obj, 6 I n t e r  
Lens Assy.  
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Table 5-1 (Cont'd) 

F i x t u r c s  
Numbers D e s c r i p t i o n  Desig,n 'Fabr ica t ion  

IN Comp . IN Complete 

10-23330-0121 Vibration - Double 
Dove Assy, 

0120 Vibration - Trunion 
A x i s  Assy, 

Thermal Vacuum SXT 
Head Index Assy, 

T e s t  - Resolver X 
(1 X 64) 

Shock - Resolver X 
(1 X 64) 

Thermal Vacuum- X 
Resolver (1 x 64 

Vibration - Motor 
.Generator S i z e  11 

.*hock -Motor Gene,rator X 
S i z e  11 

Thermal Vacuum t.1-G S i z e  11 X 

Humidity-motor gen, size 11 X 

Vibration-Motm S i z e  8 X 

0136 V i b ~ a t i o n  -Counter, Angle  'X X 

0137 Shock-Counter Angle X X 

0 19 3 Therna  1 Vac-Counter  Angle X X 

0138  H u m i d i t y - C o u n t e r  Anp,Pe X X 

0135  Adapter-Counter Angle X X 

0139  V i b r s t i o n - D i f  f e r e n t i a l  X 



Table 5-1 (Cont'd) 

Fi xtures 
Numbers D e s c ~ i p t  i o n  D e s i r n  rabrj  c(3t i o n  

- IN C o m p  . I N .  Complete ,  

30 -23330- -0140  S h o c k  - D i f f e r e n t i a l  X 

0 1 4 1  Therv-rtal Var3 . -Di f fe ren-  X 
t i a l  

0 1 4 2  H u m i d i t y  - D i f f e r e n t i a l  X X 

0 1 8 2  V i b r a t i o ~ l - S l i p  C l u t c h  X X 

0 1 8 4  T h e r m a l  Vat.-Slip C l u t c h  X X 

0 1 8 5  H u m i d i t y - S l i p  C l u t c h  X X 

0 1 8 6  V i b r a t i o n - O v e r r u n n i n p  
C l u t c h  

0 1 4 3  V i b r a t i o n - P r o j  . l , e n s  X 

0 1 8 1  H ~ r n i d i  t y  P r o j e c t i o n  Lens  X X 

0 1 0 9  V i b r a t i o n - C a r t r i d g e  Assy. X X 

0 1 3 2  Shock - C a r t r i d g e  Assy, X 

0 1 3 3  T h e r m a l  Vat,-Cartridge X 

0 1 0 8  V i b r a t i o n - R e s o l v e r  Size 5 X 

0 1 1 9  Vacuum E Temperature S t a n d  X X 

0'131 Dummy S e x t a n t  Load X X 

0 1 9 0  Adapter  f o r  U l t r a d e x  T a b l e  X X 

0 1 9 0  SXT Head A d a p t e r  f o r  X X 
U l t r a d e x  T a b l e  

0 1 3 4  R e s o l v e r  H o l d i n g  F i x t u r e  X X 

0 2 1 0  O p t i c a l  Pier for General Use X X 
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a.  D e s c r i p t i o n  of E f f o r t  

T h i s  TD a u t h o r i z e d  t h e  e s t a b l i s h m e n t  o f  a  R e l i a b i l i t y  
T r a i n i n g  Program t o  p r o v i d e  f o r  r e l i a b i l i t y  i n d o c t r i n a t i o n  of  
management p e r s o n n e l  and t r a i n i n g  f o r  e n g i n e e r i n g ,  f i e l d ,  q u a l i t y  
c o n t r o l ,  and m a n u f a c t u r i n g  p e r s o n n e l .  

b .  Accomplishments 

The r e l i a b i l i t y  t r a i n i n g  s e s s i o n  f o r  f i e l d  s e r v i c e  person-  
n e l  was h e l d  i n  t w o  s e s s i o n s .  One day was d e v o t e d  t o  an under- 
s t a n d i n g  o f  b a s i c  r e l i a b i l i t y  p r i n c i p l e s  and t h e  r e l i a b i l i t y  f  unc- 
t i o n s  b e i n g  performed i n  t h e  ApoLlo Program. Another  day was de- 
v o t e d  toward e x p l a i n i n g  t h e  F a i l u r e  Repor t i ng  and C o r r e c t i v e  
Ac t ion  System and t h e  r e s p o n s i b i l i t i e s  o f  f i e l d  p e r s o n n e l  asso-  
c i a t e d  w i t h  this system. 

A r e l i a b i l i t y  e n g i n e e r  w a s  a s s i g n e d  t o  r e p r e s e n t  R e l i a b i l i t y  
i.n a f i e l d  a s s ignmen t .  T h i s  man r e c e i v e d  s p e c i a l  t r a i n i n g  to  main- 
tain p r o p e r  r e l i a b i l i t y  cognizance  i n  t h e  f i e l d .  

TDK-42 Design E v a l u a t i o n  and Q u a l i f i c a t i o n  T e s t  Proqram 

E f f o r t  

Design E v a l u a t i o n  and Q u a l i f i c a t i o n  t e s t i n g  of t h e  Apc.110 
opt ics ,  ma jo r  s u b s y s  t e m  e l e m e n t s ,  and p a r t s  and materials def  inecl 
as a Kollsman r e s p o n s i b i l i t y  as se t  f o r t h  i n  R 389A. 

T h e  p rocurement  and t h e  f a b r i c a t i o n  o f  t es t  ar t ic les ,  test  
equ ipment  and f i x t u r e s  p u r s u a n t  t o  MIT's rev iew and a p p r o v a l  of 
the tes t  p l a n s ,  p r o c e d u r e s  and test  equipment  and f i x t u r e  d e s i g n .  

A s s i s t a n c e  i n  the c o o r d i n a t i o n  o f  t h e  Guidance and Naviga t ion  
System test program and p a r t i c i p a t i o n  i n  t h e  T e s t  Review Board. 

b, Accomplishments 

Swnmary sheets were submitted t o  MIT/IL, asmpleting t:re 
l i s t  of a l l  SCD i t e m s  p e r t a i n i n g  to  Kollsman parts. Action waJ; 
t a k e n  by MIT/IL on  4 1  o u t  of a t o t a l  o f  105 summarisa submi t t e d  by 
Kollsman. A s  a r e s u l t  o f  t h e  rev iew o f  a l l  summary sheets, MIT/IL 
recommended a l i s t  of a d d i t i o n a l  p a r t s  that were to  be q u a l i f i e d  by 
Kollsman. When this l i s t  w a s  r e c e i v e d  K o l l s m a ~ -  f o m u l a t a c i  tiest 
plans .  The q u a l i f i c a t i o n  of the b a l l  b e a r i n g s  w e r e  hand led  sepa-  
r a t e l y  and the f o l l o w i n g  ball b e a r i n g s  were s e l e c t e d  for t e s t :  
1011608-3, 1011608-4, 1.011612, and 1011607-2. 
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T h e r e  have been f l v e  m e e t i n g s  o f  t h e  T e s t  Review Board t o d a t e .  
Kol lsman s u b m i t t e d  t e s t  p. lans  to  MIT/IL c o v e r i n g  p a r t s  and sub- 
a s s e m b l i e s  t h a t  were d e s i g n a t e d  as K o l l s m a n ' s  r e s p o n s i b i l i t y  f o r  
q u a l i f i c a t i o n .  

T e m p e r a t u r e  s h o c k  tests were c o n d u c t e d  o n  t w o  d o u b l e  dove  
~(risms. They w e r e  tested a t  -lOO°F f o r  t w o  h o u r s  a n d  w i t h i n  f i v e  
m i n u t e s  t r a n s f e r  t i m e ,  p l a c e d  i n  a c h a r i e r  a t  +250°F f o r  a t w o  
h c u r  p e r i o d .  T h r e e  s u c h  c y c l e s  w e r e  c o m p l e t e d .  The c o n c l u s i o n s  
i n , l i c a t e d  t h a t  a n  a i r  c u r e d  p r o c e s s  o f  t h e  o p t i c a l  cement  w a s  n o t  
d e t r i m e n t a l  t o  b o n d i n g  o f  t h e  o p t i c a l  tes t  i t e m s .  

A t o t a l  o f  1 3  t es t  f i x t u r e s  were r e c e i v e d  and  a t o t a l  of 30 
wer z r e l e a s e d  to m a n u f a c t u r i n g .  

The t h e r m a l  vacuum chamber w a s  r e c e i v e d  a t  Kollsman and  w a s  
i n s t a l l e d .  Accep tance  tests o n  t h e  so l a r  s i m u l a t o r  (Kollsman f UP- 

n i s . , i e d  e q u i p m e n t )  were c o m p l e t e d .  

5 . 2 ' 7  TDK-48 S h i p p i n g  C o n t a i n e r  Des ign  

a .  ~ e s c r i p t i o n  o f  E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  the I e s i g n  and pre- 
p a r , . l t i o n  f o r  m a n u f a c t u r e  o f  s h i p p i n g  c o n t a i n e r s  t . t ~  p r o t e c t  the 
Opt.lca1 U n i t  a n d  t h e  Map and Data V i e w e r  when ex;iosed t o  t r a n s -  
p o r : : . a t i ~ n ,  h a n d l i n g ,  and  s t o r a g e  e n v i r o n m e n t .  

F o u r  c o n t a i n e r s  were f a b r i c a t e d  f o r  t h e  O p t i c a l  U n i t  t o  meet 
d e l : , . v e r y  dates f o r  t h e  f i r s t  f o u r  a s s e m b l i e s .  T h i s  e f f o r t  w a s  
c o n d u c t e d  i n  con  junction w i t h  TDK-81, which a u t h o r i z e d  t he  desi gn 
a n d  f a b r i c a t i o n  o f  a n  O p t i c s - N a v i g a t i o n  Base S h i p p i n g  C o n t a i n e r ,  
for s h i p p i n g  the r e m a i n i n g  O p t i c a l  U n i t s .  

P rocurement  s p e c i f i c a t i o n  1C19700 ( O p t i c s  S h i p p i n g  Con- 
t a i n e r )  a n d  1019  7 2 1  (MDV Sh ipp i r lg  Container11 w e r e  approved .  Pre- 
l i m i n a r y  l a y o u t  d r a w i n g s  f o r  t h e  O p t i c s  c o n t a i i l c r  a n d  MDV c o n t a i n e r  
were a p p r o v e d .  NASA d r a w i n g s  fo r  t h e  O p t i c s  c ~ n t a i n e r  w e r e  fi- 
n a l i z e d .  F a b r i c a t i o n  o f  MDV c o r . t a i n e r s  w a s  completed. 
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5.2.8 TDK-60 Thermal A n a l y s i s  

a .  D e s c r i p t i o n  o f  E f f o r t  

Th i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  t h e  performance o f  a 
the rma l  a n a l y s i s  of t h e  O p t i c a l  Subsystem to  de t e rmine  t e m p e r a t u r e  
c o n d i t i o n s  o f  selected c r i t i c a l .  subsys t em e l emen t s  for h o t  and 
colG o r b i t s .  I n  a d d i t i o n ,  it w a s  i n t e n d e d  to  p r o v i d e  s u p p o r t  f o r  
the t e s t i n g  o f  the AGE- 1 O p t i c a l  S ~ ~ s y s t e m ,  and t o  p r o v i d e  s u p p o r t  
t o  MIT/IL f o r  e v a l u a t i o n  o f  c e r t a i n  t he rma l  v a r i a b l e s  such  a s  form 
f a c t o r s  and h e a t  exchange between selected s u r f a c e s .  

b . Accomplishments 

The combined s t e a d y - s t a t e  a n a l y s i s  o f  t h e  Apo i lo  Opt ica l  
Subsystem was completed  and a report  w r i t t e n .  The d e t a i l e d  t r a n -  
s i e n t  a n a l y s i s  was s tar ted.  N e g o t i a t i o n s  w e r e  i n i t i a t e d  w i t h  a  
computer f a c i l i t y  f o r  s o l u t i o n  o f  t h e  t r a n s i e n t  e q u a t i o n s  after a l l  
t h e  terms were deve loped .  

The t e m p e r a t u r e  p r o f i l e  r e s u l t i n g  from t h e  combined steady- 
s t a t e  a n a l y s i s  p rov ided  a b a s i s  for  t h e  s e l e c t i o n  of f i n i s h e s  for  
component p a r t s ,  and f o r  the s u b s e q u e n t  d e t a i l e d  a n a l y s e s  f o r  t h e  
G e t e m i n a t i o n  o f  o p t i c a l  e f f i c i e n c y  under  ex t r eme  env i ronmen ta l  
c o n d i t i o n s  . 

Temperature  nodes  w e r e  a s s i g n e d  f o r  the deta i led  t r a n s i e n t  
a n a l y s i s .  A l l  e q u a t i o n s  w e r e  w r i t t e n  and app rox ima te ly  35% o f  
t h e  terms to  be e n t e r e d  i n  the heat t r a n s f e r  e q u a t i o n s  were de- 
veloped. 

c. Problem Areas 

From the r e s u l t a n t  t e m p e r a t u r e s  a n  optical e f f i c i e n c y  
a n a l y s i s  was per formed  to  d e t e r m i n e  whe the r  o r  n o t  t h e  t he rma l  
g r a d i e n t s  i nduced  an error exceeding the p r e s c r i b e d  t o l e r a n c e .  
The r e s u l t s  of t h i s  a n a l y s i s  l e d  t o  a r i m e  dependent  mode o f  oper-  
a t i o n  to  l i m i t  ex t reme t e m p e r a t u r e  c y c l i n g .  

5.2.9 TDK-62 O p t i c a l  Uni t  Stress A n a l v s i s  

a. D e s c r i p t i o n  of Effort 

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  a v i b r a t i o n  a n a l y s i s  
of t h e  O p t i c a l  Un i t  t o  d e t e r n i n e  the  dynamic b e h a v i o r  o f  selected 
elements s f  t h e  assembly.  I n  a d d i t i o n ,  e v a l u a - i o n  of unusua l  and 
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e x c e s s i v e  shock l o a d i n g  on t h e  O p t i c a l  U n i  , imposed d u r i n g  e a r t h -  
l a n d i n g ,  w e r e  conduc ted ,  s p e c i f i c a l l y  i n  terms o f  t h e  e f f e c t  on 
crew s a f e t y  r equ i r emen t s .  These a n a l y s e s  were used t o  de t e rmine  
c r i t i c a l  a r e a s ,  and a i d e d  i n  de+r1 p o i n t s  o f  measurement f o r  
the AGE-2 mechanical  i n t e g r i t  --.> r<-61) . 

b . Accomplishments 

F u r t h e r  i n v e s t i g a t i o n  o f  t h e  O p t i c a l  Uni t -Naviga t ion  Base 
mounting b o l t s  was conducted .  Based upon t h e  r e s u l t s  o b t a i n e d ,  
i t  was de t e rmined  t h a t  stresses i n  t h e  b o l t s  d u r i n g  e a r t h l a n d i n g  
would elceed t h e  u l t i m a t e  stress. Although t h e  a n a l y s i s  was h i g h l y  
c o n s e r v a t i v e ,  h i g h e r  s t r e n g t h  b o l t s  were i n d i c a t e d .  A r e p o r t  on  
this a n a l y s i s  was p repa red .  

The f o l l o w i n g  r e p o r t s  were p r e p a r e d  and i s s u e d :  

1. N a t u r a l  f requency  d e t e r m i n a t i o n  o f  t e l e s c o p e  a s  a beam. 

2 .  N a t u r a l  f requency  d e t e r m i n a t i o n  of t h e  s e x t a n t  and 
t e l e s c o p e ,  s u p p o r t e d  by t h e  s h a f t  a x i s  b e a r i n g  a c t i n g  
a s  s p r i n g s .  

3. N a t u r a l  f requency  d e t e r m i n a t i o n  o f  t h e  w o r k s h a f t  on 
t h e  t e l e s c o p e ,  and t .he maximum stresses l i k e l y  t o  
e x i s t  d u r i n g  v i b r a t i o n .  

E v a l u a t i o n  of t h e  O p t i c a l  U n i t  t es t  c o n d i . t i o n s  c o n t i n u e d .  
E v a l u a t i o n  o f  test  d a t a  a n a l y s i s  t e c h n i q u e s  were i n i t i a t e d .  An 
i n e r t i a  study o f  t h e  O p t i c a l  U n i t  was completed .  

5.2.10 TDK-61 AGE-2 Mechanical  I n t e s r i  t v  T e s t s  

D e s c r i p t i o n  o f  E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  mechanica l  i n t e g r i t y  
tests of t h e  A G E 4  O p t i c a l  U n i t .  S p e c i f i c a l l y ,  t h e  work a u t h o r i z e d  
c o n s i s t e d  o f  p r e p a r a t i o n  o f  a test p l a n ;  d e s i g n  and f a b r i c a t i o n  o f  
tes t  f i x t u r e s ;  conduc t ing  of t e s t s ;  r e c o r d i n g  and a n a l y s i s  o f  d a t a ;  
and submis s ion  of f i n a l  r e p o r t .  

b. Accomplishments 

A r e v i s e d  t e s t  p l a n  ( r e v i s i o n  #3)  was p r e p a r e d  and submit-  
ted t o  MIT/IL f o r  a p p r o v a l ,  T h i s  document i n c l u d e d  r e q u i r e m e n t s  
for steady s t a t e  a c c e l e r a t i o n ,  v i b r a t i o n ,  shock ,  an6 acov.stic 
t e s t i n g  of the O p t i c a l  U n i t ,  a s  w e l l  as s t e a d y  st? ~ c s l e r a t i o n  , 
v i b r a t i o n ,  and shock t e s t i n g  o f  t h e  MDV ( a s  ~ u t h o ~  . by TDK-79). 



~ a b r i c a t i o n  of tes t  f i x t u r e s  and  ail e v a l u a t i ~ n  o f  th.e v i b r a t i o n  
e x c i t e r  s y s t e m  and a c c e l e r a t i o n  and s t r a i n  measu r ing  i n s t r u m e n t -  
a t i o n  w a s  c o n t i n u e d .  The d e t a i l e d  t es t  p r o c e d u r e  and e v a l u a t i o n  o f  
a c c e l e r a t i o n  and  s t r a i n  measur ing  i n s t r u m e n t a t i o n  was comple ted .  

5 .2 .11 TDK-81 O p t i c s - N a v i q a t i o n  Base Assembly S h i p p i n q  and 
~ a n d L i n g  C o n t a i n e r  

a .  D e s c r i ~ t i o n  of E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  t h e  d e s i g n  and manu- 
f a c t u r e  of a s h i p p i n g  and h a n d l i n g  c o n t a i n e r  f o r  t r a n s p o r t i n g  and  
s t o r i n g  either t h e  O p t i c s - N a v i g a t i o n  B a s e  Assembly and a h a n d l i n g  
f i x t u r e ,  or the O p t i c a l  U n i t  w i t h  a dummy n a v i g a t i o n  base and 
dummy h a n d l i n g  f i x t u r e .  The c o n t a i n e r  w a s  capable o f  p r o t e c t i n g  
the Opt ics-1  w i g a t i o n  Base Assembly and  o t h e r  c r i t i c a l  i t e m s  (iso- 
l a t i o n  moun .-s) f rom t h e  t r a n s p o r t a t i o n  s h i p p i n g  e n v i r o n m e n t s  speci- 
f i e d  i n  Apollo Env i ronmen ta l  Cr i ter ia  S p e c i f i c a t i o n ,  d a t e d  March 
25 ,  1963.  

S i x t e e n  c o n t a i n e r s  were b u i l t ,  the f i r s t  o f  which w a s  f o r  
q u a l i f i c a t i o n  tests . These  c o n t a i n e r s  r e p l a c e d  t h e  o n e s  d e s i g n e d  
u n d e r  TDK-48. 

b. Accomplishments  

Procurement speci f i c a . t i o n  1019 720  was app roved .  Deta i led  
d e s i g n  i n f o r m a t . i o n  ( w e i g h t s ,  c e n t e r  of a r a v i t y  , mount ing  methods ,  
etc .  ) was d e t e r m i n e d .  

An i n t e r f a c e  c o n t r o l  d rawing  o f  t h e  O p t i c s - N a v i g a t i o n  
B a s e  c o n f i g u r a t i o n  w a s  p r e p a r e d  and s u b m i t t e d  to MIT/IL and ACSP. 
T h i s  d r a w i n g  p r e s e n t e d  t h e  o u t l i n e  r e q u i r e m e n t s  to ACSP f o r  ac- 
commodation o f  t h e  a s s emb ly  to t h e  ACSP t r a n s p o r t a t i o n  cart .  I n  
a d d i t i o n ,  the d rawing  was used a s  a bas i s  f o r  t h e  design o f  t h e  
s h i p p i n g  and h a n d l i n g  c o n t a i n e r s .  A p r e l i m i n a r y  p rocurement  speci- 
f ication was p r e p a r e d .  

5.2.12 TDK-83 AGE-P O p t i c a l  Subsystem Thermal-Vacuum T e s t  

a. D e s c r i p t i o n  of E f f o r t  

T h i s  t e c h n i c a l  directive a u t h o r i z e d  d e s i g n - e v a l u a t i o n  
t e s t i n g  of t h e  AGE-1 O p t i c a l  Subsys tem,  which i n c l u d e d  thermal- 
vacuum and humidity. 



KOLLSMAN INSTRllMENT CORPORATION 

b.  Ascompl ishments  

F i x t u r e s  

The f o l l o w i n g  f i x t u r e s  were f a b r i c a t e d .  

a) 10-2333-00091 Thermal  Vacuum, O S S  Hold ing  F i x t u r e  

b)  10-2 333-00111 Humid i ty ,  OSS  Ho ld ing  F i x t u r e  

2 .  Chamber 

The chamber was i n s t a l l e d  i n  t h e  Kollsman test  a r e a  
under Kollsman and vendo r  s u p e r v i s i o n  t o  a s s u r e  con- 
formance t o  a l l  d e s i g n  s p e c i  f i c a t i o n s  , see pho tog raph  
i n  F i g u r e  5-7. 

A p p r o p r i a t e  r e v i s i o n s  i n  the d e s i g n  o f  t h e  chamber 
w e r e  e v a l u a t e d  t o  expand  t h e  number o f  electrical  
hookup p o i n t s  i n  t w c  a d d i  t i o n a k  p o r t s .  D e t e r m i n a t i o n  
o f  h e a t i n g  and /o r  i n s u l a t i o n  o f  t h e  chamber p a r t i t i o n  
t o  s i m u l a t e  C/M s t r u c t u r a l  h e a t  i n p u t  t o  the OSS w a s  
made. I n t e r n a l  and  e x t e r n a l  cable a s s e m b l i e s  w e r e  
f a b r i c a t e d .  

The h e a t  exchange r  and  c o o l a n t  mater ial ,  i n  K o l l s m a n ' s  
p o s s e s s i o n ,  were a w a i t i n g  i n i t i a l  t r i a l  r u n s .  Cogni-  
zant MIT p e r s o n n e l  were c o n t a c t e d  t o  p r o v i d e  p r o p e r  
c o n s u l  t a t i o n  i n  this a r e a .  I n  a d d i t i o n ,  appropriate 
h y d r a u l i c  l i n e s ,  u s e d  i n  t h e  AGE-1 test ,  w e r e  de- 
s i g n e d .  

3. Opt ics  and O p t i c a l  D e  t e n n i l ~ a t i o n s  

Opti.ca1 equ ipment ,  t o  be u s e d  i n  t h e  t h e r m a l  vacuum 
tests , b o t h  p r e l i m i n a r y  (bench  e v a l u a t i o n )  and  f i n a l  
( i n  test  chamber) were a c q u i r e d .  T h i s  equ ipment  i n -  
cluded f i v e  Wild T-2 t h e o d o l i t e s ,  o n e  K & E a l i g n m e n t  
t e l e s c o p e ;  t w o  K & E collimators w i t h  a u t o c o l l i m a t i o n  
a t t a c h m e n t s  ; Beck o p t i c a l  bench  and accessories; and  
t w o  K & E precisior, t h e o d o l i t e  test  s t a n d s .  

Bench e v a l u a t i o n  s t u d i e s  e s t a b l i s h e d  optimum pro-  
cedures for o p t i c a l  m e t r o l o g y  employed i n  OSS t e s t i n g  
were pe r fo rmed ,  see p h o t o g r a p h  F i g u r e  5-8. 

T h e  detailed tes t  p r o c e d u r e  and  test  s e t - u p  w a s  w r i t -  
t en .  The design o f  t h e  o p t i c a i  p i e r s  w a s  comple ted ,  
approved  and f a b r i c a t e d .  



Figure  5-7. Dual Space! Chamber 
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The r equ i r emen t  f o r  o p t i c a l  benchmarks was d i r e c t e d  
toward t h e  i n c o r p o r a t i o n  o f  a  s o p h i s t i c a t e d  de te lmin-  
a t i o n  of a  precise o p t i c a l  r e f e r e n c e .  The d e s i g n  o f  
s e v e r a l  1 2 "  o p t i c a l  port  adapters t o  be used i n  the 
AGE 1 t e s t i n g  was accompl ished.  The u s e  of  t h e  51" 
a u t o c o l l i m a t o r  was e s t a b l i s h e d  a s  an a l t e r n a t e  to1 t h e  
SXT t h e o d o l  i te . 
A d e m o n s t r a t i o n  o f  t h e  c a p a b i l i t i e s  of t h e  s o l a r  
s i m u l a t o r  w a s  completed .  I n  a d d i t i o n ,  t h e  c a l i b r a t i o n  
of t h e  exposu re  meter was performed.  An i n v e s t i g i n t i o n  
of FTE t o  be used  i n  bench a l i gnmen t  o f  t h e  OSS was 
pur sued .  

Va r ious  a d h e s i v e  samples  ( u s e d  f o r  bonding r e q u i r e d  
s e n s i n g  d e v i c e s  t o  a p p r o p r i a t e  s u r f a c e s )  were i n v e s t i -  
gated t o  d e t e r m i n e  t e m p e r a t u r e s  and d e f l e c t i o n s  were 
selected as s u i t a b l e  for t h e  con templa t ed  t e s t i n g .  A 
p r e l i m i n a r y  i n v c s t i g a  t i o n  o f  o p t i c a l  meLhods to  est- 
a b l i s h  equipment  movement under  dynamic e q u i l i b r i u m  
w a s  made. 

5 .2 .13 TDK- 79 AGE-1 and - 2 ,  MDV Thermal Vacuum and  Mechanical  
I n t e g r i t y  T e s t s  - 

D e s c r i p t i o n  o f  E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  d e s i g n - e v a l u a t i o n  
t e s t i n g  of AGE-1 and -2 MDV which i n c l u d e d  (a )  thermal-vacuum and 
humidity and (b) v i b r a t i o n ,  s h o c k ,  and a c c e l e r a t i o n .  

b. Accomplishments 

The design of a l l  f i x t u r e s  f o r  b o t h  d e s i g n  e v a l u a t i o n  
tests w a s  completed .  The f a b r i c a t i o n  of f i x t u r e s  l i s t e d  below wlas 

\ completed  . 
1. 10-23338-0093 Thermal Vacuum, MDV Holding Fixture 

2 .  10-23330-0094 Humidity,  MDV Holding F i x t u r e  
3. 10-2 3330-0092 V i b r a t i o n  and A c c e l e r a t i o n  F i x t u r e ,  MDV 

and Shock 2-2.  

4 .  10-23330-0117 Shock, X-Y,  Y-Y a x e s .  

The deta i led  t e s k  p r o c e d u r e  for  the MDV Thermal Vacuum test  
was completed.  The MDV f u n c t i o n a l  tester was assembled and com- 
pleted January 15,  i964+ 
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The c a b l e s  r e q u i r e d  f o r  hookup between t h e  f u n c t i o n a l  tes ter  
and t h e  v a r i o u s  test i t e m s  ( A G E  1 & 2 ,  and v a r i o u s  s u b a s s e m b l i e s )  
w e r e  f a b r i c a t e d .  Thermocouple w i r e  f o r  use i n  t h e  the rmal  vacuum 
tests  was b e i n g  e v a l u a t e d  f o r  s u i t a b i l i t y .  

5 . 2 . 1 4  TDK-76 F a i l u r e  Repor t inq  System (Data  C e n t e r )  

a.  D e s c r i p t i o n  o f  E f f o r t  

Th i s  TD a u t h o r i z e d  t h e  imp lemen ta t ion  o f  t h e  f a i l u r e  re- 
p o r t i n g  sys tem and t h e  e s t a b l i s h m e n t  o f  a  Data C e n t e r  f o r  acqu i -  
s i t i o n ,  and p r o c e s s i n g  o f  a l l  d a t a  g e n e r a t e d  f o r  the O p t i c a l  Sub- 
sys t em and MDV. 

b. Accomplishments 

F a i l u r e  r e p o r t i n g  s y s t e m s ,  d u r i n g  b o t h  manufac tu r ing  and 
f i e l d  o p e r a t i o n  phases, were c o o r d i n a t e d  by t h e  c r e a t i o n  o f  a  
f a i l u r e  committee and documented by a  Kollsman Apol lo  S t a n d a r d  
P r a c t i c e  I n s t r u c t i o n  . 

To  e v a l u a t e  c o u r s e s  o f  c o r r e c t i v e  a c t i o n ,  reports on l o c a t i o n  
of a11 test d a t a  and pe r son  r e s p o n s i b l e  f o r  c u r r e n c y  o f  d a t a  were 
deve loped .  O t h e r  a i d s  were p lanned .  

An EDP t a b u l a t i o n  o f  e v e r y  p a r t  number, n e x t  assembly number, 
q u a n t i t y / a s s e m b l y ,  n e x t  h i g h e r  assembly number, TDRR number, r e v i -  
s i o n  l e t te r  , proposed  change number and r e l i a b i l i t y  data w a s  
g e n e r a t e d  and upda ted .  

5.2.15 TDK-103 FAB. 4 OSS Sh ipp ing  C o n t a i n e r s  

a. D e s c r i p t i o n  o f  E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  t h e  f a b r i c a t i o n  of 
4 O p t i c s  S h i p p i n g  C o n t a i n e r s  d e s i g n e d  unde r  TDK-4 8. 

b . Accomplishments 

k o n e - c o n t a i n e r  sys t em ( i n n e r  and o u t e r  c o n t a i n e r s )  w a s  
f a b r i c a t e d .  P r e l i m i n a r y  d r o p  tests w e r e  conduc ted  as f o l l o w s  : 

1. 17- inch f l a t  drop o f  c o n t a i n e r s  sys tem on c o n c r e t e .  

T h i s  drop h e i g h t  w a s  a p p r o x i m a t e l y  t w i c e  t h a t  speci- 
f i e d  i n  MIL-STD-810, Method 516,  P rocedure  111, and 
produced an impact v e l o c i t y  apg rox ima te ly  4 0 % greater 
t h a n  requireci .  O s c i l l o g r a p h  r8: cords of t h e  txansmi  t- 
ted shock ,  measured by 2 accelerometers a d j a c e n t  t o  
the mounting p o i n t s  o f  t h e  dummy u n i t  on  the Ycm a x i s ,  
showed a peak a c c e l e r a t i o n  o f  7g. 
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2 .  2 7  inch  edqewise drop o f  c o n t a i n e r  system on c o n c r e t e .  

A 27-inch drop was t h e  maximum o b t a i n a b l e  wi thout  the 
c o n t a i n e r  f a l l i n g  o v e r  backwards. The peak a c c e l e r -  
a t i o n ;  measured by 2 acce l erometers  l o c a t e d  as above,  
was 5g a t  the  " f a r "  end and 3g a t  the "near" end.  

3 .  3-inch edsewi se  drop of i n n e r  c o n t a i n e r .  

The peak a c c e l e r a t i o n ,  measured by 2 acce lerometers  
l o c a t e d  as above,  was 7g a t  the "far" e r ~ d  and 4g a t  
the "near" end.  
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5.3 SUMMARY OF YEAR ENDING 31 DECEMBER 1964 

5 . 3 . 1  C/M R e l i a b i J - i t y  - P l a n  

Assignment  

Work was performed during t h i s  p e r i o d  a q a i n s t  t h e  f o l l o w i n g  
MIT Techni  cal ~ i r e c t  i v e s  : 

Vendor R e l i a b i l i t y  and Q u a l i t y  C o n t r o l  

3 e l i a b i l i t y  A n a l y s i s  

Re1 i ab i l i t . y  T r a i n i n g  

Desi.gi~ E v a l u a t i o n  and Q u a l i f i c a t i o n  Test 
Program 

S h i p p i n g  C o n t a i n e r  Des i g n  

Thermal  A n a l y s i s  - O p t i c a l  Subsystem 

AGE-2 Mechan ica l  I n t e g r i t y  T e s t  

Stress A n a l y s i s  AGE 2 

F a i l u r e  R e p o r t i n g  System 

A G E - 1  and 2 MDV Mechan ica l  I n t e g r i t y  and 
Thermal  A n a l y s i s  

P a r t s  Q u a l i f i c a t i o n  Program ( e x c l u d i n g  
f a c i l i t i e s )  

O p t i c s - N a v i g a t i o n  B a s e  Assembly 
S h i p p i n g  and Hand l ing  Assembly 

AGE-1 O p t i c a l  Subsystem Thermal/Vacuum 
Tests 

Thermal  A n a l y s i s  - O p t i c a l  Subsys t e m  

F a b r i c a t i o n  o f  f o u r  OSS S h i p p i n g  C o n t a i n e r s  

Failure E f f e c t s  A n a l y s i s  

LEN R e l i a b i l i t y  A n a l y s i s  

Block I1 R e l i a b i l i t y  Program 

A f t e r  Novat ion  occurrec? on  t h e  A p o l l o  c o n t r a c t  ( J u l y  1964), no 
a d d i t i o n a l  T D K ' s  were issued. 

5 .3 .2  TD K - l l  Vendor Reliability and Q u a l i t y  C o n t r o l  

a. D e s c r i p t i o n  o f  Effort 

T h i s  TD, i n i t i a t e d  i n  1962 ,  a u t h o r i z e d  work t o  be c o n t i n u e d  
I 

t h r u  1964 i n  s u p p o r t  of  XIT Design and R e l i a b i l i t y  i n  s e l e c t i n g  
parts and mater ia ls  for t h e  O p t i c a l  Subsystem. 

5-29 



b. Accompli ---- shmexl ts -- 

A 1  1 vendor C O I I I ~ O I ~ ~ ? ~ ~ ~ S  suI) l l \ i  t- ted t o  ' I R U  c o n t i n u e d  t o  be received 
by R e l i a b i . l i t y  i n  con junc t io r ,  w i k h  P r o j e c t  i n a i n e e r i n g  and Q u a l i t y  
Assurance  determining d i s p o s  i t i o n  o f  pa r t s .  P o t e n t i a l  s u p p l i e r  
surveys continued. 

~ e l i a b i l i t y  reviewed antl coortlinated a1  l MIT/IL approved 
wciivers as w e l l  as  s p e c i f i c a t i o n  c h a n q e s  v i a  w a i v e r s  s u b m i t t e d  t o  
MIT . 

T h e  f o l l o w i n g  i t e r n s  r e p r e s e n t  s p e c i f i c  accomplishments  under  
T D  K - 1 1 .  

1. The r o t o r s  o f  t h e  Uendix  6 4  Speed Resolver  Assembly, P/N 
1011294 i n  t h e  O S S  S e x t a n t  Trunnion  Axis e x h i b i t e d  c r a c k i n g  o r  
check ing  o f  the Randac epoxy coating i n  t h e  s l o t  open ings  on  t h e  
machined 0 .D. f a c e .  I n  some cases t h e  c h e c k i n g  r e s u l t e d  i n  ex- 
p o s i n g  magnet winding w l r e .  Env i ronmenta l  tests were i n i t i a t e d .  
The  t e s t  p l a n  o f  t h e  subject r o t o r s  i n c l u d e d  b a s e l i n e  t e s t ,  ex- 
p o s u r e  t o  v i b r a t i o n ,  mechanica l  shock and  humid i ty  and t h e n  a  re- 
r u n  of t h e  b a s e l i n e  t e s t s  t o  d e t e r m i n e  t h e  e f f e c t  on f u n c t i o n  and 
d e t e r m i n e  whe the r  t h e  f i s s u r e s  e x p e r i e n c e d  any growth.  R e s u l t s  o f  
these tests were r e p o r t e d  a s  t h e  tests were i n  p r o g r e s s .  

I t  must  be no ted  that Beradix E c l i p s e - P i o n e e r ,  t h e  vendor ,  i m -  
p roved  t h e  Randac o p e r a t i o n  and u n i t s  produced subsequen t  t o  11 
June, 1964 were p e r  the E-P I'iandac P r o c e s s  O p e r a t i o n  S h e e t  which 
d e l i n e a t e d  t h e  new p r o c e s s .  

A s  p r e v i o u s l y  reported, l e a d  w i r e  b r eakage  and Hi-Pot f a i l u r e s  
o n  t h e  101137 R e s o l v e r  ( S i z e  5)  w e r e  a t t r i b u t e d  t o  the brush b l o c k s ,  
p rocu red  by t h e  vendor  from a lower  t i e r  s u p p l i e r .  

S o l d e r i n g  c o n t r o l s ,  au i n i t i a t e d  by Kollsman w e r e  e s t a b l i s h e d  
by t h e  vendor  over  his lawer t i e r  supplier. Thcse  c o n t r o l s  e l imina -  
t ed  s o l d e r  w ick ing  o f  t h e  lead wire which was the cause  o f  f a i l u r e .  

Hi-Pot f a i l u r e  was caused  by a " floating f e r r u l e "  c o n d i t i o n  
where t h e  lead wire -b rush  ferrule was randomly p o s i t i o n e d  i n  t h e  mold. 
Close proximity o f  t h e  f e r r u l e  t o  t h e  case d i d  o c c u r ,  t h u s  l e a d i n g  t o  
p o t e n t i a l  Hi-Pot  f a i l u r e .  The  vendor's s u p p l i e r  f a b r i c a t e d  a p o s i -  
t i o n i n g  f i x t u r e  H i - P o t  f a i l u r e .  Tile vendor's s u p p l i e r  f a b r i c a t e d  a 
p o s i t i o n i n g  fixture w h i c h  con t r i . i )u ted  t o  the proper p o s i t i o - l i n g  of 
t h e  f e r r u l e  p r i o r  t o  molding. X-rays of each u n i t  was performed by 
the vendor t o  v e r i f y  t i l t :  proper position of the f e r r u l e s .  I n  addi- 
t i o n ,  t h e  vendor  p rov ided  two i n s u l a ~ o r s  a t  assembly o f  t h e  r e s o l v e r ,  
one on either s i d e  of tile b r u s h  b l o c k .  

2 .  The Star  Tracker and i ~ o r  *zon Scanne r ,  which form part o f  t h e  
 lock 11 OSS, required the use of a photomultiplier t o  perform t h e i r  w 
f u n c t i o n .  The  photomultr2lier chosen w a s  t h e  RCA C70129B, produced 
for commercial use, by  K C A ' s  Lancas t eu ,  Pa., tube d i v i s i o n .  U n i t s  
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to s a t i s f y  K o l l s m a n ' s  r e q u i r e m e n t s  were s ~ l e c t i v e l y  ~ h o s e n  from t h 9  
p r o d u c t i o n  l o t .  A c o n f e r e n c e  w a s  held a t  ihe RCA f a c i l i t y  o n  1 6  
J u n e  1964 t o  d i s c u s s  t h e  Kollsman r e q u i r e m e n t s  f o r  t h e  p h o t o m u l t i -  
p l i e r .  I n c l u d e d  i n  the d i s c u s s i o n s  were r e q u i r e m e n t s  fclr anode  
dark c u r r e n t ,  s p e c i a l  c o n d i t i o n i n g  and  d e l i v e r y  s c h e d u l d s .  

 egot ti at ions w i t h  RCA, L a n c a s t e r ,  P a . ,  o n  t h e  1012043 P h o t g -  
m u l t i p l i e r  E l e c t r o r ~  Tube  c o n t i n u e d .  RCA had  n o t  c o m p l e t e l y  s a t i s -  
f i e d  a l l  t h e  t e c h n i c a l  and q u a l i t y  r e q u i r e m e n t s .  N e g 0 t i a t i o r . s  
c o n t i n u e d  u n t i l  an  i m p a s s e  w a s  r e a c h e d ,  a t  which  t i m e  MIT was 
c o n s u l t e d .  K I  had at tempted t o  impose  w e l d i n g  speeif i c a t i o n s .  

3 .  C o n c u r r e n t  w i t h  r e l e a s e  of B l o c k  I1 p r o c u r e m e n t  a w a r d s ,  ani! 
r e c o g n i t i o n  of t h e  more s t r i n g e n t  r e q u i r e m e n t s  of Block I1 h a r d w a r e ,  
Q.A.  i n c r e a s e d  i t s  e f f o r t s  t o  v e r i f y  t h e  c o r r e c t n e s s  of al:  a w a r d s ,  
b o t h  a s  t o  p r o c u r i n g  f r o m  p r o p e r  s o u r c e  and i n  a  p a i n s t a k i n g  rzview 
o f  a p p l i c a b l e  s p e c i f i c a t i o n s .  T h e  r e s u l t  was an  i n c r e a s e d  awareness  
by s u p p l i e r s  o f  t h e i r  r e s p o n s i b i l i t y  i n  d i s c h a r g i n g  t h e i r  o b l i g a t j . o n s  
per c o n t r a c t  and s : p e c i f i c a t i o n s  . T h i s ,  of c o u r s e ,  was a l s o  accorne- 
p l i s h e d  by f i e l d  t r i p s  to  s u p p l i e r  f a c i l i t i e s ,  j o i n t  neg- tia at ions 
a t t e n d e d  by p a r t i c i p a t i n g  c o n t r a c t o r s  a n d  s u p p l i e r s ,  s u r v e i l l a n c e  
and a u d i t s  o f  s u p p l i e r s  Q.C. s y s t e m s ,  and  v i s i t s  by i n v i t e d  sup-  
p l i e r s  to  Kol lsman t o  r e s o l v e  any areas o f  doubt o r  c o n f l i c t  a r i s i n g  
f r o m  t h e  p u r c h a s e  o r d e r  a n d / o r  a p p l i c a b l e  s p e c i f i c a t i c n s .  

4 .  S p e c i f i c a t i o n  changes  s u b m i t t e d  ta MIT v i a  w a i v e r s  c o n t i n u e d  t o  
b e  r e v i e w e d  and c o o r d i n a t e d  by R e l i a b i l i t y .  A comprehens ive  r e v i e w  
o f  a l l  MXT a p p r o v e d  w a i v e r s  c o n t i n u e d .  The p u r p o s e  of t h i s  r e v i e w  
was t o  i n s t i t u t e  and  e f f e c t  c o r r e c t i v e  a c t i o n  i n  s u f f i c i e n t  time f o r  
Block I1 e f f e c t i v i t y  . A d d i t i o n a l  e f f o r t  was expended t o  accelerate 
t h e  c o m p l e t i o n  o f  c o r r e c t i v e  a c t i o n s  as i n d i c a t e d  in t h e  w a i v e r  re- 
quests .  I n  a d d i t i o n ,  m n t r o l s  imposed by R e l i a b i l i t y  r e s u l t e d  i n  a 
s u b s t a n t i a l  r e d u c t i o n  i n  new w a i v e r  r e q u e s t s .  

5 .  J o i n t  c o n t r a c t o r  n e g o t i a t i o n s  c o n d u c t e d  by Utrad D i v . ,  Hunt ing-  
t o n ,  I n d . ,  r e v e a l e d  t h a t  t h i s  f a c i l i t y  was s e v e r e l y  l a c k i n g  i n  many 
aspects of h i g h  r e l i a b i l i t y  component m a n u f a c t u r e  , The v e n d o r  was 
n o t  able t o  p r e s e n t  muck o f  s i g n i f i c a n c e  i n  docurr ientat ion t o  s u b s t a n -  
t i a t e  process c o n t ; r o l  over t h e  m a n u f a c t u r e  o f  t r a n s f o r m e r s .  The  ven- 
dor d id  n o t  m n t r o i l  many raw materials i n p l a n t ,  n o s  impose any oon- 
t ro l s  over  t h e  s u p p l i e r s .  Q u a l i t y  o f  t h e  i t e m  depended solely upon 
t h e  c a p a b i l i t y  of t h e  o p e r a t o r  performing a f u n c t i o n .  No f o l l o w - u p  
s u r v e y  w a s  c o n d u c t e d  t o  a s c e r t a i n  t h e  e f fe r ,L ivenp7s  of t h e  c o n t r o l s  
t h a t  t h e  v e n d o r  agreed t o  e s t a b l i s h .  

6 .  Kol lsman p a r t - i c i p a t e d  i n  joint c o n t r a c t o r  n e g o t l  a t  i o n s  w i t h  
~ o t o r o l a  Semiconduczt.or P r o d u c t s  , I n c . ,  P h o e n i x ,  A r i z o n a .  Kol lsman 
n e g o t i a t e d  t h e  i3112056 Zener Diodes drawinqs .  The v e r ~ d o r ,  i n  
K o L l s m a n ' ~  apin.i,on,, did n o t  comply w i t h  t h e  i n t e n t  o f  ND 1015404. 
The v s n c l ~ r  3 srepre! ;entat ives  e s s e n t i a l l y  d e c l a r e d  a l l  t h e i r  p r o c e s s e s  
proprietary, i n c l u d i n g  r i t les and r e v i s i o n  s t a t u s  o f  a l l  c o n t r o l l i n g  
d o c u m e n t a t i o n .  AXL processes were cons  idered c r i t i c a l  by t h e  v s n d o r  . 
'The v e n d o r  r e f u s e d  t o  infor;;r t h e  p u r c h a s e r  of any  change  i n  a p r o c e s s  
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&era they deemed it a critical charage to t h a t  procorns. The vandot 
also took excaption to tha Spacial Conditioning requfromentr of the  
SCD, which w u  to  be negotiated. Kollrinan sought another rourcrr 
mote inol ined to  eonply with  Apollo raquirtanenta. 

c,  Problem Areas 

1. One problem area suggest:.ed by Kollsman, and reviewed by MIT, 
was to modify tho a t r fngent  requtrpments of ND 1015404, r e l a t i ng  to 
the  procurement of simple and inexpenaivo itaar. The imposition of 
this specification on many vendor8 resulted i n  an adamant tafurlr l  t o  
oomply. Kellarnan'u efforts tn secure compliance through perronnel 
eontaet  and negbtiat ions had not been succemrful. Securing other ven- 
dorr w i t h o u t  zegarrd t o  the  QSL, had not been a succrernrful a l t e ~ r t i v e .  

2. Another problem area concerning ND LO15404 on $norm aomplax item, 
w u  that af t er  exteneivo negoticltiom w i t h  a vehdor, it wan not por- 
aibl. to  secure full compliance. Many vendors ult imately reduced 
the& r ob jec t ionr  t o  ND 1025404 a f t e r  rapport warr ar tabl i rhed:  howrvar, 
there wera mom requfromenta of t h i s  document which xarultod i n  an 
inpaare with the  vendor. f t was augg8st.d t h a t  MIT ba Infomad o f  
t h e  rpocific diiftcralty a particular vendor had i n  complying w i t h  
ND 1015404, wher r i n  :rollsmangs opinion, all por8ible nagoti  atioru 
had bean o x h a ~ r t ~ ~ r ~ i .  b:.ptionpl to ND 1015404 could then be i n i t i a t a d  
via . TDRR8 when cr:i i. aonacrnd were i n  agreement that  d i f f f c u l t i e r  d i u  
indeed cx io t ,  i n  order to .finally and pemanently rarofva t h e  problem. 

Furkharmza8 when s pavcicula~ member of t h e  G c N t a m  WQ, fa- 
uponribla for the qualificatSon of a pa r t ,  it was suggested t h a t  .it 
be t h a t  munbar '8 respons ib i l i ty  @o negot ia te  a vendar@s excoption to 
ND lOfS404 in'oltdox: t o  avoid dupl icat ion of effort. 

Thrrre crxirted a need fo r  an e x p s i c i t  de f in i t i on  en what c#>ndi- 
t i o r u ' o o n s t i t u t a  waiver action, which pwnaltad i n  a 8~bj.~ffv.  infer -  
pretaf ion.  T h i n  : obviouo ly reduced the  variance of op%nAon that ., 
cur ren t ly  ex i s t ed  among personnel involved i n  waiver action.. 

t 

5.3.3 TD K-28 R e l i a b i l i t y  Ana%ys$a 
a. DisecripeSsn of Effort 
The Optical Subsystem re l iab i  l i t y  analysis , initiat;gd in. 1962, 

o o n t i n u d  , 

Tha Block 11: OSS Star Tracker configuration was revierwed Qncll 
. the error aentx$buted to .the system from such sourass ar the photo- 

mltlpl iar  tube, star signal and spacce-sky t ackgmund was estimated, 
A e ina l  rapore covering the results of this analys is  war prrpar.6. 
Result# indicated that a second order visuaL magnitude a t a t  couZd 
be tacked with a 9.4 arc seaond error about the null along ea* hid 
- is ,  of a 10 cpe systsra bandwidth wara Wad. 

5- 32 
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A d e t a i l e d  breakdown o f  b o t h  e l e c t r i c a l  and m e c h a n i c a l  f a m i l y  
trees f o r  t h e  B l o c k  I1 O S S  was made. E n v i r o n m e n t a l  c r i t e r i a  
g o v e r n i n g  t h e  o p e r a t i o n  o f  c r i t i c a l  components  o f  t h e  Block I1 OSS 
c o n f i g u r a t i o n s  were rev iewed  a n d  f i n a l i z e d .  S p e c i f i c a t i o n s  a n d  
S p e c i f i c a t i o n  C o n t r o l  Drawings f o r  Block I1 OSS compo.-rents were 
r e v i e w e d  i n  t h e  c o u r s e  o f  d e s i g n  r e v i e w  m e e t i n g s  w i t h  P r o j e c t  
E n g i n e e r i n g .  

The i n i t i a l  p h a s e  i n  t h e  g e n e r a t i o n  o f  a r e l i a b i l i t y  b l o c k  
d i a g r a m  w a s  comple ted .  I t  c o n s i s t e d  o f  g e n e r a t i n g  f a m i l y  t rees  o f  
a l l  s y s t e m  s l e m e n t s  which are a c t i v e  i n  t h e  m a t h e m a t i c a l  model and 
the r e l i a b i l i t y  b l o c k  d i a g r a m s .  

I n p u t s  f rom t h e  Kollsman t h e r m a l  a n a l y s i s  o f  t h e  O S S  were 
d i r e c t e d  i n t o  t h e  component stress a n a l y s i s  t o  modify f a i l u r e  rates  
as a g r e e d  t o  by t h e  MIT R e l i a b i l i t y  Assessment  Group and Kollsman.  

Des ign  r e v i e w s  on  t h e  O S S  a n d  MDV were a t t e n d e d  by R e l i a b i l i t y  
p e r s o n n e l  a n d  recommendat ions w e r e  made i n  a c c o r d a n c e  w i t h  f i n d i n g s  
f rom t h e  r e l i a b i l i t y  and  e n v i r o n m e n t a l  a n a l y s e s .  

Kol lsman r e v i e w e d  a l l  SCD's f o r  c o m p l e t e n c s s  o f  r e l i a b i l i t y ,  
e n v i r o n m e n t a l  and  b u r n - i n  d a t a .  

c. P rob lem A r e a s  

D e f i n i t i v e  s y s t e m  d e s i g n  f o r  t h e  S t a r  T r a c k e r  and  Hor izon  
S e n s o r  r e q u i r e d  t h a t  c e r t a i n  p a r a m e t e r s  and  v a l u e s  b e  r e s o l v e d .  
Among t h e s e  u n r e s o l v e d  matters were: s p e c i f i c a t i o n  of a s y s t e m  
b a n d w i d t h ,  space - sky  background e f f e c t  o n  s y s t e m  p e r f o r m a n c e ,  op- 
e r a t i n g  t e m p e r a t u r e s  t o  which p h o t o m u l t i p l i e r  w i l l  b e  exposed 
d u r i n g  t h e  m i s s i o n  and  m i s s i o n  d u r a t i o n  o f  o p e r a t i o n  o f  t h e  pho to -  
m u l t i p l i e r .  T h e s e  pxoblens ( e s p e c i a l l y  t h e  l a s t  t w o  c o n t i n u e d  t o  
s e r i o u s l y  d e l a y  t h e  d e s i g n  u n t i l  i n p u t s  to  r e s o l v e  them were re- 
c e i v e d  f rom MIT/IL.  

5 .3 .4  TD K-30 R e l i a b i l i t y  T r a i n i n q  

a. D e s c r i p t i o n  o f  E f f o r t  

P r o v i d e d  f o r  r e l i a b i l i t y  i n d o c t r i n a t i o ~ , ~  of management p e r s o n -  
n e l ,  r e l i a b i l i t y  t r a i n i n g  f o r  e n g i n e e r i n g ,  q u a l i t y  c o n t r o l ,  manu- 
f a c t u r i n g  a n d  v e n d o r s  c l s s e i y  associated w i t h  t h e  d e s i g n  and  f a b r i -  
c a t i o n  o f  Kol lsman A p o l l o  P r i m e  Equipment.  Developed and  c o n d u c t e d  
f o r m a l  t r a i n i n g  programs w i t h i n  areas wher2 s p e c i a l  s k i l l s  were 
employed i n  t h e  m a n u f a c t u r e ,  i n s p e c t i o n  and p r o c e s s  c o n t r o l  o f  
o p e r a t i o n s  and  materials .  
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A review of t r a i n i n g  and motivat ion programs w a s  completed, 
Pre l iminary  cop ie s  of  t h i s  review were submit ted  t o  MIT/IL 
R e l i a b i l i t y .  Each program was o u t l i n e d  i n  the fol lowing form: 
T i t l e ,  l eng th ,  d a t e s  opera ted ,  a t t endeen ,  i n s t r u c t o r ,  s y l l a b u s ,  and 
t r a i n i n g  a i d s ,  

C 

The mot iva t ion  progxam titles were: (1) Reli . r rbi l i ty  for 
Management, ( 2 )  Systems F a m i l i a r i z a t i o n  Tra in ing ,  ( 3 )  P r o j e c t  
Management Reports, ( 4 )  Overa l l  Apollo Project Reports, and (5)  
Astronaut  V i s i t s  , 

Tra in ing  progxam t i  tles i.ncluded: (1 ) F a i l u r e  Reporting 
Sys tem,  ( 2 )  Operat ing Time  Logs, (3 )  i t e l i a b i l i t y  for Fie ld  
Engineers ,  (4) C e r t i f i c a t i o n  Program (implementation of NASA pro- 
cess s p e c i f i c a t i o n s )  @ ( 5 )  O p t i c a l  Requirements, (6)  Clean Room 
Requirements, (7 )  R e l i a b i l i t y  Films,  (8)  In spec to r  Tra in ing ,  (9 )  Y 

Quality Requirements for NPC 200-2 and 200-3, and (10)  Vendor 
Or i en t a t i on ,  i 

L 

5.3.5 TD K-42 Design Evaluat ion and Q u a l i f i c a t i o n  Test Pxoqram 

a. Descr ip t ion  of --- Effort 

During t h e  year r e l i a b i l i t y  prepared d e t a i l e d  t e a t  p lans  per- 
Lvrg 

t a i n i n g  to r e l i a b i l i t y  t e s t s  and eva lua t ions  and submit ted  completed 
t e s t  p l a n s  t o  MIT/IL for review and approval. R e l i a b i l i t y  also 
planned and designed test equipment, test fixtures, and a s s o c i a t e d  
equipment necessary for reliability e v a l u a t i o n  and q u a l i f i c a t i o n  
test of o p t i c a l  subsystem. 

b, Accomplishments 

The q u a l i f i c a t i o n  s p e c i f i c a t i o n  ND 1002037 was modified to 
i n c l u d e  parameters  e s t a b l i s h e d  as a result of informat ion  ga thered  
dur ing  t h e  e v a l u a t i o n  of AGE 1 and AGE 2. 

The pre l iminary  test plans  for t h e  subsystem q u a l i f i c a t i o n  
were modif ied t o  i nc lude  the Tracker, Horizon Sensor and other 
Block 11 parts ,  

S ince  the qualification system was a Block IJ system, the 
p1.anning and philosophy of proper q u a l i f i c a t i o n  t e s t i n g  were dis- 
cussed by Kollsman, ACED and MIT/IL. 

The Map and Data Viewer A G E 4  was successfull ,y v i b r a t e d  and 
accepted i n  accordance with the FTM 101155% 
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A meeting was he ld  between ACED and Kollsman personnel  a t  
MIT/IL t o  formula te  a combined OSS and I M U  v i b r a t i o n  and mechanical 
shock q u a l i f i c a t i o n  test  plan.  A pre l iminary  d r a f t  of t h e  combined 
v i b r a t i o n  and mechanical shock tes t  p l a n  was submit ted t o  MIT/IL. 
These t e e t s  were performed a t  ACSP by Kollsman and ACSP personnel .  
 he p l a n  c a l l s  f o r  v i b r a t i o n  and mechanical shock t e s t i n g  of  t h e  
Navigation Base wi th  t h e  rMU and OSS mounted on t h e  Navigation Base 
s imula t ing  end i t e m  conf igura t ion .  

The Q u a l i f i c a t i o n  S p e c i f i c a t i o n  ND 1002037 w a s  modified by 
MIT/XL t o  i n c o r p o r a t e  t h e  changes d i scussed  dur ing  t h e  l a s t  T e s t  
Review Board meeting. These changes a f f e c t e d  t h e  q u a l i f i c a t i o n  
u n i t  and inco rpo ra t e  more s u i t a b l e  tests. 

I t  was decided by TRB dur ing  t h e  ea r th l and ing  shock test t h a t  
s imula ted  i n t e r n a l  subsystem components be used wi th  t h e  a c t u a l  
external .  conf igura t ion .  

The subsystem q u a l i f i c a t i o n  test  p l an  was modified t o  inc lude  
t h e  Job Diescription Cards and t o  show i n  de ta i l  t h e  F i n a l  Tea t  
Methods arnd b a s e l i n e  measurements d u r i n ~  q u a l i f i c a t i o n ,  

The p a r t i a l  c o n f l i c t  between t h e  q u a l i f i c a t i o n  document 
ND 1 0 0 2 0 3 7 ~ ~  (which war modified by MIT/IL) w i th  t h e  Kollsman Work 
Statement  was e l imina ted ,  

Details of t h e  func t iona l  tests performed on t h e  Optical Sub- 
system dur ing  t h e  va r ious  phases of  environmental  t e s t i n g  was formu- 
lated, 

. Assurance of  MIT/IL a l l o c a t i o n  of enough GSE a t  ACSP w a s  sought  
so. t h a t  t he  conbined tests were accomplished smoothly. 

c, Problem Areas 

The approval  of a TD fcom MIT/IL t o  Kollsman au thor ized  t h e  
combined v i b r a t i o n  and shock t e s t s  a t  ACSP w a s  necessary.  The 
approval  of a T D  w a s  r equ i red  t o  a u t h o r i z e  t h e  w r i t i n g  of test 
p lans ,  procedures  and m a t e r i a l  costs, t r a n s p o r t a t i o n  of  personnel ,  
equipment and t h e  optical subsystem and cost of  subs i s t ence  of 
Kollsman personnel .  

5.3.6 TD K-76 ~ a i l u r e  Reporting System 

a, Descr ip t ion  of Effort 

Implementation of t h e  f a i l u r e  r e p o r t i n g  systems and t h e  estab- 
l i shment  of a Data Center  f o r  acqu i r ing ,  process ing ,  and i n t e r p r e t i n g  
of a l l  data gene ra t ed  on t h e  O p t i c a l  Subsystem and Map and Data 
V i e w e r ,  
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b. AacomglSahments (Fa i lu re  ~ e p o r t a )  

(1) Prim Hardware Fa i lu res  - Period ending 23 June 1964 

1011371 Resolver l x  - f a i l e d  30 December 1963 - open 
l ead  en te r ing  brush encapsula t ion - f a i l e d  
a t  assembly l e v e l  1011471, 

Correct ive  Action: F a i l u r e  a n a l y s i s  requested 
of Kearfot t  Division of  General Prec i s ion  
revealed: (1) v a r i a t i o n s  i n  eolder ing brush 
leads to  re so lve r  leads, and (2 )  v a r i a t i o n s  
i n  placement of t h i s  j o i n t  i n  encapsulat ion 
ma te r i a l ,  To f a i l ,  both wicking must be 
presen t  and wicking must extend from t h e  
j o i n t  to  a p o i n t  o u t s i d e  t h e  encapsulat ion,  
X-ray of 100% of brush blocks,  10% sample 
d i s t r u c t  tes t ,  brush lead p u l l  tests, re- 
s o l v e r  l ead  p u l l  tests, and improvement i n  
so lde r ing  technique by KD vendor should 
prevent  similar f a i l u r e s  i n  t h e  fu tu re ,  
Action complete. 

1010610 Motor-generator - f a i l e d  3 February 1964 - 
4 u n i t s  due to  a x i s  error of 1 . 7  t o  2.4 
times maximum al lowable - 1 u n i t  due t o  
h,igh s t a r t i n g  vol tage  - failures noted a f t e r  
50 hour burn-in, 

Correct ive  Action: Kearfott Division of 
General Prec i s ion  added an a d d i t i o n a l  test 
of  t h e i r  own a f t e r  .burn-in t o ' p r e v e n t  sub- 
mission of .bai led u n i t s  t o  Kollsman souree 
inspect ion.  Action compkete, 

1000160 Resolver L6x, f a i l e d  1 0  February 1964 - 
open winding due to  mechanical cut occurr ing 
dur ing assembly - failed a t  assembly level 
1011000, 

Correct ive  Action: SOX photograph of 
loca t ion  of f a i l u r e  given to Q u a l i t y  
Assurance to  use as an example of the 
necess i ty  of improving handlrng due to the 
exponed windings of t h e  16x, 64x, and 1% 
resolvers .  Action complete, 



KQLLSMAN INSTRUMENT CORPORATION 

i 

t 

1011369 c ,  s l i p  - f a i l e d  18 February 1964 4 
4 failed due t o  low or no to rque  - failed 
d u r i n g  f u n c t i o n a l  test p r i o r  to  q u a l i  f ica- 1 
t i o n  t e s t i n g ,  

1011569 Insert B a l l  Mount Line - f a i l e d  18  February 
2964 - fractured durinq l u b r i c a n t  c o a t i n g  
pressing - f a i l e d  a t  assembly l e v e l  1011739. 

Corrective Action: Chanqed c o a t i n g  p r e s s i n g  
procedure, changed p r e s s i n g  t o o l s ,  requested 
change t o  reduce stress c o n c e n t r a t i o n  factor, r 

A c t  ion complete . .% Le 
b 

1011325 liousing of 16x Resolver S t a t o r  - failed 
2 4  February 1964 - qear t e e t h  sheared 
during zero s e t t i n g  - failed a t  assembly 
level 1011891, 

Corrective Action:  Chanqed z e r o  setting 
pzocedure and tools. Action complete. 

1011373 Clu tch  ove r runn inq  - failed 2 March 3.964 - 
slips i n t e r m i t t e n t 1 . y  in d r i v i n g  mode. 

1011483 Amplif ier , Encapsula ted  - failed 5 March 
1964 - v a r i a b l e  resistor 1011498 ( R 1 3 )  
locked a t  optimum adjustment: by encapsula- 
tion material, P r e v i o u s  Waiver K-29 waived 
reliability and q u a l i t y  a s su rance  p r o v i s i ~ n  
of ND 1015404, 

Cor rec t ive  Action:  Naiver K-11'7 permits 
use of 1011483 in AGE-2 - appropriate 
s h i e l d i n g  will be e v a l u a t e d  t o  prevent . '  

l ock ing ,  

1011'744 Counter, Angle - Shaft a n y l e  c o u n t e r  failed 
18 March 1964 and 19 March 1964 - trunnion 
anyle counte r  failed 19, March 1964 - all 
f a i l u r e s  due to a lack of/or incomplete 
shade f l i p ,  

Corrective A c t i c n  : Immediate a c t i o n  to 
change shade contour to s u i t  individual 
counter, 

1010341 1 X  Resolver  - f a i l e d  d l  A p r i l  1964 at 
1011934 nssembly level o f  5 OSS - FR 31 
~ o t o r  S2-S3 resistance i ntermittantly high. 
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Correc Live Action: F a i  lure hrralysis reveals  
u n i t  had been disassembled and reassembled 
incorrectly, 

1010341 1X Resolver - fa i l ed  30 Apri l  1964 PR 35, 
36, 37, 38, 39,  40, 41 - S i x  f a i l e d  due t o  
accirracy error. One failed due ta impedance 
unbalance. Correcti.ve action : Accuracy 
erLor duie to lack of qround l ead  to index 
s taild duri ny l a s t  por t ion of source accept- 
ance t e s t .  Lrnpedance unbalance fa i lure  re- 
worked cause. rlanufacturing error, Action 
cornp la tee. 

1.011000 0pt.idal. I l l l i t .  - failed 12 May 1964 - FR l ' 2 -  
SC?' TLlA stict:ion too hiyh. Corrective 
a c t i o n :  Same as 1011891 FR 81. 

101P2tll lji tferential - f a i l e d  25 May 1964  - FR 0054E 
~ r n i  t exceeds tota l  backlash under load oE 
4 ox.  Corrective act ion:  Change proposed 
to reduce tooth l o a d  during backlash measure- 
r ~ e r r t  to 2 oz, and to increase allowable 
L)ac:klash to 20 min. Action conplete. 

1011000 O p t , i c a l  Unit AGJ? 2 - f a i l e d  5 June 1964 - 
FR00561? - Vibration c:aused loosening of 
tiolil31 c dove prism w i t h i n  i ts mounts. 
Correction Act-ion: 1011197 changed to 
R e v i s i o n  D par TDRR 08479 to permit use of 
o11ly orle layer of' indium foil. Action 
cotrrple te. 

1011000 Optical Unit  AGE 2 - f a i l ed  5 June 1964 - . 
FR0057k: - Excessive SCT s h a f t  axis end 
p l a y .  Corrccti.vc Act ion :  Changed s h i m  
t h i c k n e s s  to increase bearing preload. 
Action camplcte. 

1011000 Optical  U n i t  AGE 2 I- failed 5 June 1964  - 
FH0061J~-Inne~ bearing of 1011744  Angle 
Counter  Shade came apart. Corrective 
Action: Chanyed bearing ox: vendors draw- 
ings from a r ~ y u l a r  contact to deep  groove 
to prevent assembly errors. Effectivity 
to be determincd. 
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M S  122159 I n s e r t ,  threaded - f a i l e d  5 June 1964 on 
AGE 2 OSS-Fku060E - Improperly tapped hole 
i n  o p t i c a l  base caused i n s e r t  t o  d i s to r t  
thereby s t r i p p i n g  NAS 1352 C08LL12, C o r -  
r e c t i v e  Action: Review of in spec t ion  pro- 
cedures  of o p t i c a l  base, Action complete, 

100Q115-2 I n s e r t ,  threaded - fai led 5 June 1964 on 
AGE 2 OSS-FR0060E - One leg of  threaded 
i n e e r t  broke du r ing  i n s e r t i o n  ope ra t i on  t o  
SCT Panel Assembly 1011717. Cor rec t ive  
Action: Review of Process S p e c i f i c a t i o n  
and Inspec t ion  Procedure o f  1011717 
Assembly, Action complete. 

O p t i c a l  Subassembly S tage  111 - f a i l e d  
8 June 1964  - FOR, 80 AGE 5 - Sex tan t  1 6 X  
Resolver ze ro  o u t  of s p e c i f i c a t i o n ,  Cor -  
r e c t i v e  ac t ion :  Changed ze ro ing  procedure 
o f  r e s o l v e r s  to be e f f e c t i v e  on Revision B 
of ATPgs 1011890 and101J.891, Action com- 
plete, 

Op t i ca l  Subassembly Stage 3 - fai led 8 June 
1964 - FR 81 - SCT TDR s t i c t i o n  reads 3 . 9 ~  
i n s t e a d  of less than  3,6v, Cor rec t ive  , 

ac t ion :  Pre l iminary  i n v e s t i g a t i o n  r e v e a l s  
t h a t  1011193 cam follower assembly s p r i n g  
t ens ion  may be too h igh  t h u s  caus ing t h e  
h igh  s t i c t i o n  vo l tage ,  Design change under 
study. 

Optical Subassembly Stage 3 - f i l e d  8 June 
1964 - FR 82 - SXT SDA 1 / 2 X  Resolver zero  
o u t  of s p e c i f i c a t i o n .  Cor rec t ive  ac t ion :  
Same as 10111891 F a i l u r e  Report 80, Action 
complete, 

Optical Unit  AGE 5 - fai led 30 June  1964. 
1) FR 83 - Counter shade misal igned,  
2 )  Sex tan t  reticle 40" o f f  c e n t e r  as a 

r e s u l t  of  1011773-2 set &crew loosening 
dur ing  v i b r a t i o n  pe rmi t t i ng  1011796 to  
rotate i n  1011797 t h u s  changing reticle 
cen te r .  Corrective Action (a) Spring 
contour  is s u s c e p t i b l e  to change dur ing  
handl ing as a part  and dur ing  assembly . 

opera t ions .  Handling f i x t u r e  for counter  
and f o r  t h e  SCT gearboxes was evaluated.  
(b)  In spec to r s  and t echn ic i ans  have bean 
caut ioned to g i v e  e x t r a  a t t e n t i o n  to  
v i b r a t i o n  p roof ing  of  a l l  screws, 
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O p t i c a l  Unit  AGE 6 - f a i l e d  15 June 1964 - 
F R  84-Angle counter shade screw worked loose 
du r ing  v ib r a t i on .  C o r r e c t i v e  Action: Change 
proposed t o  1011744 drawing t o  s e c u r e  a l l  
screws wi th  lock ing  compound conforming to  
MIL-S-22473. Act ion complete ,  

O p t i c a l  Unit AGE 6 - f a i l e d  16 June 1964, 
F R  108-Sextant reticle 27" o f f  c e n t e r  a f t e r  
acceptance  v i b r a t i o n  test. C o r r e c t i v e  
Action:  I n i t i a l  f a i l u r e  a , na ly s i s  r evea l ed  
no  l oose  p a r t s .  Realigned reticle. 

SXT Base Harness Assy - FOR. 109 - AGE 5 
OSS F a i l e d  17 June  1964 - I n s u l a t i o n  damaged 
on one wire d u r i n g  v i b r a t i o n .  C o r r e c t i v e  
a c t i o n :  P re l iminary  f a i l u r e  a n a l y s i s  in-  
dicates a des ign  change to  r e r o u t e  ha rne s s  
and clamp more secu re ly .  
F l e x p r i n t  and Connector Assembly - f a i l e d  
18 June 1964 i n  AGE 6 - F R l l l  - Kinks i n  
f l e x p r i n t  and a c u t  i n  one conductor.  
C o r r e c t i v e  a c t i o n :  Same as 1011908 F R  110. 

Flexprint ,  - f a i l e d  18 June  1964 - AGE 6 - 
FR110-Kinked d u r i n g  assembly. C o r r e c t i v e  
a c t i o n :  P re l iminary  a n a l y s i s  shows need for 
s e v e r a l  des ign  changes to  permit easier i n -  
s t a l l a t i o n  o f  t h e  f l e x p r i n t  F i n a l  a n a l y s i s  
now pending. 

O p t i c a l  Unit  AGE 6 - failed 22 June  1964 - 
F R  88 - .Piece of indium fo i l  p a r t i a l l y  
sl ipped from between t h e  double  dove pr i sm 
and t h e  double dove prism clamp; C o r r e c t i v e  
a c t i o n :  

O p t i c a l  Unit  AGE 5 - f a i l e d . ' 2 2  June 1964 - 
FR89-SCT TDA 1 X  Resolver  z e r o  o u t  o f  spec i -  
f i c a t i o n s .  Corrective Action:  See 1011891 
F a i l u r e  Report 80 Act ion complete. 

O p t i c a l  Uni t  AGE 5 - f a i l e d  23 June  1964 - 
FR 112 - Double dove prism cement appears 
to  have s e p a r a t e d  on 5% of the  cemented sur- 
f a c e  n o t  i n  t h e  f i e l d  of view. Corrective 
Action:  
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1011369 Clu tch ,  s l i p  - fai led 1 8  Febrvary 1964 - 4 f a i l e d  
due t o  l o w  or no t o rque ,  

1011569 I n s e r t  B a l l  Mount Line - f a i l e d  18 February 
1964 - f r a c t u r e d  du r ing  l u b r i c a n t  c o a t i n g  
p r e s s i n g  - f a i l e d  a t  assembly l e v e l  1011739, 

C o r r e c t i v e  Action:  Changed c o a t i n g  p r e s s i n g  
procedure,  changed p r e s s i n g  tools, requested 
change t o  reduce stress c o n c e n t r a t i o n  f a c t o r ,  
Action complete, 

1011325 Housing o f  16x Resolver  Stator  - f a i l e d  
2 4  February 1964 - gear teeth sheared 
dur ing  z e r o  s e t t i n g  - fa i led  a t  assembly 
l e v e l  1011891, 

C o r r e c t i v e  Action: Changed z e r o  s e t t i n g  
procedure and tools. Act ion complete. 

1011373 Clutch overrunning - fai led 2 March 1964 - 
s l i p s  i n t e r m i t t e n t l y  i n  d r i v i n g  mode, 

1011483 Ampl i f ie r ,  Encapsulated - failed 5 March 
1964 - v a r i a b l e  resistor 1011498 (R13) 
locked a t  o p t i m h  adjus tment  by encapsu l a t i on  
material. Previous  Waiver K-29 waived re- 
l i a b i l i t y  and q u a l i t y  a ssurance  p r o v i s i o n  
of ND 1015404. 

C o r r e c t i v e  Action: Waiver K-117 permits 
use  o f  1811483 i n  AGE-2 - appropriate 
s h i e l d i n g  w i l l  be eva lua t ed  t o  p reven t  
locking.  

1011744 Counter,  Angle - S h a f t  ang l e  coun t e r  f a i l e d  
18  March 1964 and 19 March 1964  - t r unn ion  
ang l e  coun te r  fai led 1 9  March 1964 - a l l  
fa i1ure .s  due to  a lack of/or incomplete  
shade f l i p ,  

C o r r e c t i v e  Action: Immediate a c t i o n  to 
change shade contour  to  s u i t  i n d i v i d u a l  
coun te r  . 

F 1010341 1 X  Resolver - f a i l e d  2 1  A p r i l  1964 a t  
a 1011934 Assembly l e v e l  o f  AGE 5 OSS - F R  31 
v Rotor S2'S3 r e s i s t a n c e  i n t e rmi t i t en t l y  high. 

). 5-41 
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(2)  Ground Support Equipmnt  Fa i lu rea  - Period ending 
16 J U ~ S  1964. 

1017412 Autocollimator - f a i l e d  9 March 1964 a t  
ACSP - F R  0767 - Adjustable f i l a r  reticle 
no t  concen t r i c  wi th  autocol l imator  b a r r e l .  
Cor rec t ive  ac t ions  Returned to  K 6 E from 1 

ACSP. Replaced f i l a r  reticle and rea l igned.  : 
Source inspec ted  a f t e r  r e p a i r  a t  K & E by 
Kollsman, Unit i n  e x c e l l e n t  condit ion.  
Action completed 1 June 1964, 

1017412 Autocollimator - failed 1 3  Apr i l  1964 a t  
ACSP - FR 1 1 9 1  E - Light socket shorted; 
l i g h t  bulb  burned out .  Cor rec t ive  a c t i o n t  
Replaced r e c e p t a c l e  and lamp on 5 May 1964. 
Action complete, 

10174P.O Five-Inch Autocollimator - fai led 1 May 1964 
a t  ACSP - Same as 1017410 FR 151OE and F R  + 5 

1513E p l u s  reticle and f i l a r  off 1/2 sac on 4 
e leva t ion .  Cor rec t ive  a c t i o n t  Calibrate A 

% 
and use. w 

1017410 Five-Inch Autocollimator - Two u n i t s  failed 
1 May 1964 a t  ACSP-FR 1510E, FR 1513E - 
Numerical markings etched on an angle. 
Cor rec t ive  ac t ion :  8 June 1964 TWX from 
A. C. Metzger, RASPO/MIT t o  A. J. I t a l i a n o ,  
ACSP Paragraph 1 direct8 AC to accep t  and 
use u n i t s .  Action complete. 

1017448 2-1/2 Inch Autocollimator - Two failed 1 
May 1961 a t  ACSP - FR 1511E and FR 1512E 
Reticle and f i l a r  alignment o f f  5 and 2.5 
seconds, respec t ive ly .  Cor rec t ive  ac t ion :  
Calibrate and use. 

1017412 Autoco~ l ima to r  - fai led 22 May 1964 a t  ACSP- 
FR 1527 E 
(1) Fixed to f-*Jar reticle alignment i n  
excerss of s p e c i f i c a t i o n .  
(2 )  Fixed t o  f i l a r  reticles not  "squaren. 
Cor rec t ive  ac t ion :  (I) KIC genera t ing  
f i e l d  c a l i b r a t i o n  procedure. 
(2 )  Reticles sbould be ad jus t ed  i n  f ie ld .  
Action complete. 
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1016951 Alignment Mirror Assembly - f a i l e d  28 May 
1964 a t  MIT/IL FR 0 9 6 U  - Movable p e l l i c l e  
l o c k i n g  p i n  s h e a r e d .  P e l l i c l e  no longer 
movable. Lacking p i n  broken.  

1016949 F u n c t i o n a l  Tester - f a i l e d  1 2  June 1964 - 
FR 0062E - Poor  c o n t a c t  i n  c o n n e c t i o n  of  
assembly 1017402. Corrective a c t i o n  t Uni t  
r e p a i r e d .  

1016949 F u n c t i o n a l  T e s t e r  - f a i l e d  16  June 1964 - 
FR 0064E S h a f t  1019065 s e i z e d  i n  housing.  
Corrective action : .0001" clearance i n s u f -  
f i c i e n t  f o r  l u b r i c a t i o n .  Shaft honed down 
from .0005n to .0008" t o  .1870n +.0000 -.0002. 

3 T a b l e  5-2, provides a deta i led  summary o f  in te rna l  and  
extarnal failure r e p o r t s  p r o c e s s e d  d u r i n g  t h e  p e r i o d  e n d i n g  1 0  Septem- 
ber 1964. 

P rocedures  and revisions t o  f-1322 were reviewed a t  a 
meeting w i t h  MIT/IL , ACSP , Raytheon and  Kollsman p a r t i c i p a t i n g ,  

c. Problem Area8 

Lack o f  action by MIT/IL on proposed  ccrrestive action, i 

predicated on d e s i g n  changes  , was s e r i o u s l y  d e l a y i n g  implementa t ion  
of mama. Steps were t a k e n  t o  r e c t i f y  t h e  s i t u a t i o n  as soon  as O 

p o ~ o i b l e  
* 
'1 

* 
% 
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TABLE 5-2 

INTERNAL/EXTTRNAL FAILURES 

INTERNAL FAILURES 

Failure Sub-Assembly Par t  and 
Rpt. No. Date I . A s  - AGE - and P a r t  No. Pa r t  No. 

86 7/2/64 20 OSS 1011797 16X Resolver 
1000160 

OSS Harness 
Assy 1011933 

1X Frame 
Size 8 Resolver 

O U  Stage I11 
1011891 

1X Frame 
Size 8 Resolver 

SXT Telescope 
 ens - 1011796 

Lens Assembly 
1011585 

Shaft 
1011198 

OSS Stage I11 
101891 

157, 8 8/7/64 
and 9 

Reeolver 
1010341 

OSS Stage If1 
101 1891 

Harnee e Ae sembly 
101 1896 

OSS 1011000 OSS Stage IIX 
1011891 

OSS 1C~1000 OSS Stage 111 
1011891 

OSS 1011000 OSS State I11 
1011891 

OSS 1011000 SCT inner teleecope 
tribe assembly 
101 1724 

OSS 1011000 SCT inner telescope 
tube assemibly 
1011724 
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Failure 
R R ~ .  No. 

TABLE 5-2 

INTERNAL FAILURES (Gunt'd. ) 

Sub-Assembly 
Date - AGE - and 2 a r  t No. 

9 /3 /64  20 OU Stage III 
101 1891 

EXTERNAL FAILURES 

7/2/64 6 Optical Unit 
101 1000 

Part and 
Part No. 

Retainer 
1011316 

Angle Counter 
1811744 

7/6/64 6 Nav Base and Optical Unit 
Optics 1899950 1011000 

7/6/64 3 Wav Base and Optical U-it 
Optics 1899950 101130  

7/6/64 6 8 S S  1011030' 0p:rcal Base 
101 1631 

7/6/64 6 ass l01l000 

7 17 164 6 OSS 1011000 Insext Plane 
1011567 

7/7/64 2 Shaft Axis Objective Lens 
1011704 1011585 
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TABLE 5-2 

Failure 
R p t .  No, Date 

Sub-Assembly Part and 
AGE -- and Part No. - -- Part No. 

6 OU Stage 111 Bevel  Gear 
101 1890 1011356 

6 Nav. Base & Optical Unit 
Optic M 1 0 1  1000 
1 ~ 9 9 s a  

h Shipping Containe r 0ut.e r Shi yping 
1017400 Container 

1019700 

6 Hav Base and Optical Unit 
Optics 101 1000 '4 
189995Q 

MDV 1011559 

MDV 1011559 

Mi3V 1011559 

OSS 1011000 Mirror 1011260 

OSS 1 0 1  1000 Double Dove Prj :, r 1 

101 1153 

Optical Unit SCT Eyeguard I 

101 1000 Assembly 101 1965 

1573 7/23/64 6 OSS 1011000 Angle Counter 
1 

1011744 

007 1 7 / 2 4 / 6 4  2 Optical Ur. 2t B.al1 Bearing 
1011000 101 1602-21 
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Fai lure  
Rpt. No. 

TABLE 5-2 

EXTERNAL FAILURES (Cont'd. ) 

Sub -Assembly 
Date - AGE 

L 
and P a r t  No. 

P a r t  and 
P a r t  No. 

7/24 /64  2  Optical Unit 
1011000 

7/24/64 6 Optical Unit 
101 1000 

7/25/64 6  Optical Unit 
1011000 

7/25 /64  6 Optical Unit 
1011000 

7/27/64 6  Optical Unit 
1011000 

7/27/64 6 Optical Unit 
1011000 

7/27 /64  6  Optical Unit 
1011000 

7/28  /64 6 Optical Unit 
1011000 

7/28 /64  6 Optical Unit 
1011000 

7/29/64 6  Optical Unit 
101 1000 

7/29/64 6 Optical Unit 
101 1000 

7/29/64 6  Optical U n i ~  
1011000 

Mir ror  Assembly 
1011260 
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TABLE 5-2 

EXTERNAL FAILURES (COnttdb ) p 

Failure Sub-Assembly Part and 
Rpt. No. Date an.d Part No. Part No. - AGE 

L -- 
2207 7/29/64 6 Optic a1 'Unit 

1011000 

2208 7/29/64 6 Optical Unit 
1011000 

Optical Unit 
101 1.000 

Optical Unit 
1011000 

Optical Unit 
1011000 

Optical Unit 
1011000 

OSS 10117'44 Anble Counter 
1011744 

OSS lOllC~00 

81 13/64 1213 GSE Theodolite D3KM-3X 
s/N 4 1017444 
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TADLE 5-2 

EIXTERNAL FAILURES (Cont'd. ) 

Failure Sub-As sembly Part and 
Rpt. No. Date and Part No, Part No. - AGE - 

12 14 8 1  13/64 GSE 

0 16 1 8 /21 /64  2, Optical Unit 
101 1000 

0 18 1 8 /21 /64  2 Optical Unit 
1011000 

0182 8 /21 /64  2 Optical Unit 
10110QO 

0 184 8 /21 /64  2 Optical Unit 
101 1000 

0185 8 /21 /64  2 Optical Unit 
101!000 

Theodolite DKM-3X 
S / N  4 1017444 

Nut, Locking Rotor 
1011311 

Ball  Bearing 
1101607-2 

Flex  Prints 
1011907 & -8 

Mounting B 01 t 
MS2 1250-4028 

Dove P r i s m  Mtg. 
Assemhly 1011197 

0 186 8 /21/64  2 Optical Unit Lens Assembly 
1011000 . 1011707 

0 189 8 / 2 1'1 64 2 Optical Unit P r i s m s ,  Eyepiece  
i o i i ~ a o  1011269 81 70 

139 8 /27 /64  . 8 OSS 1011000 

140 8 /27 /64  8 OSS lOl l000  

0 190 9 /10/64  2 Optical Unit 
1011000 

Reticle SXT 
1011594 



KOLLSMAN INSTRUMENT CORPOFlATlON 

5 . 3 . 7  TD K- 73 A(;I;- 1 M I W  'rt-.lt;rrnal Vdcuurn drlcl t lechariical ----- 
I n t e g r i t y  Tests 

a, D e s c r i p t i o n  of E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  the rmal  e v a l u a t i o n  tests 
and mechanical  i n t e g r i t y  tests on t h e  AGE-1 MDV. S p e c i f i c a l l y ,  
t h e  work a u t h o r i z e d  c o n s i s t s  of p r e p a r a t i o n  o f  t e s t  p l a n s  and test  
procedures ,  d e s i g n  and f ~ b r i c a t i o n  o f  test  f i x t u r e s ,  conduct ing of 
tests ( thermal  vacuum, humidity , v i b r a t i o n ,  shock and a c c e l e r a t i o n )  , 
r e c o r d i n g  and a n a l y s i s  of d a t a ,  and submiss ion  of  f i n a l  r e p o r t ,  

b, Accomplishmr?nts - (Mechanical I n t e g r i t y  Eva lua t ion)  

(a) ~ l l  random v i b r a t i o n  tests (des ign  e v a l u a t i o n  l e v e l s )  
were completed,  Uvalua t ion  of t h e  d a t a  showed a c c e l e r a t i o n s  and 
s t r a i n s  w e l l  w i t h i n  a l lowab le  l i m i t s ,  A f u n c t i o n a l  check of t h e  
u n i t  a t  t h e  complet ion of t h 2  v i b r a t i o n  tests was conduqted i n  ac- 
cordance w i t h  t h e  requi rements  o f  t h e  FTM. 

Shock f i x t u r e  e v a l u a t i o n  w a s  completed,  Ali f i x t u r e s  and 
ins t rument ionr ,  M e r e  r e c e i v e d ,  An o u t l i n e  o f  t h e  Detailed T e s t  
Procedure  w a s  completed. 

The f i x t u r e s  l i s t e d  below were f a b r i c a t e d  and accep ted  f o r  W 
d e s i g n  e v a l u a t i o n  test: 

10-23330-0093 Thermal-Vacuum Holding Fixture 
10-23330-0094 Humidity Holding F i x t u r e  

The f i r s t  d r a f t  of the d e t a i l e d  thermal-vacuum test  procedure  
was completed. An e v a l u a t i o n  s t u d y  t o  de termine  t h e  optimum method 
of measuring t h e  o p t i c a l  conformance o f  t h e  p r o j e c t i o n  system w i t h  
t h e  r e q u i r e d  s t a n d a r d  was completed. The s e l e c t i o n  and procurement 
of t h e  o p t i c a l  t es t  equipment t o  measure t h e  v a r i o u s  requi rements  
of t h e  proposed d e t a i l e d  test  procedures  w a s  completed. Continued 
thermocouple w i r e  evaluation s t u d y ,  A d d i t i o n a l  w i r e  was r e c e i v e d  
and underwent l a b o r a t o r y  s tudy  for u t i l i z a t i o n  i n  t h e  thermal-  
vacuum tests, Required electrical  c a b l e s  f o r  the MDV test  conso le  
connec t ions  was completed. D e t a i l e d  mechanical  i n t e g r i t y  e - ra lua t ion  
tes t  p rocedures  w e r e  completed, 

The v i b r a t i o n  f i x t u r e  was e v a l u a t e d  for e q u a l i z a t i o n ,  Sinu- 
s o i d a l  v i b r a t i o i l  tests were conducted on t h e  MDV a l o n g  t h e  Xcn, 

'cn 
, and Zcn axes  f r o m  10 t o  2000 cps  a t  one-g. E i g h t  accelero- 

meters and eight s t r a i n  gages were located a t  v a r i o u s  p o i n t s  on the 
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MIIV, The data ob ta ined  showed a c c e l e r a t i o n s  and stresses w i t h i n  
allowable s t x u c t u r a l  l i m i t s  of  t h e  u n i t .  F u r t h e r  e v a l u a t i o n s  w a s  
r e q u i r e d  t o  de te rmine  t h e  e f fect  o f  t h e  random v i b r a t i o n  environ-  
ment on t h e  MDV. The lowes t  r e s o n a n t  f requency o f  t h e  MDV was 
found t o  be ~ n p r c x i m a t e l y  185 cps, T h i s  was t h e  beam mode o f  t h e  
MDV f r o n t  p a n e l ,  and cor responds  wi th  t h e  c a l c u l a t e d  va lue ,  F igure  
5-9 shows t h e  MDV i n  i t s  test  f i x t u r e ,  mounted on t h e  C-25 s h a k e r ,  
ready f o r  v i b r a t i o n  a long t h e  Zcn a x i s .  

Shock tests were conducted a t  15 ,  2 0 ,  25 ,  and SOg, 6 m s  ter- 
rniaal peak sawtooth  shock p u l s e  a long  t h e  2 XCM * and * ZCM 
d i r e c t i o n s .  

F u n c t i o n a l  tests were performed a t  t h e  conc lus ion  o f  t h e  shock 
t e s t s .  The r e s u l t s  showed s a t i s f a c t o r y  o p e r a t i o n  o f  t h e  MDV, u s i n g  
1 5  feet of  f i l m  i n  t h e  cartridge, as per Waiver N o .  K-99, 

Cons tan t  a c c e l e r a t i o n  tests were conducted a t  20 ,  25 ,  30, 35, 
and 409 a long  t h e  * XCM, * YCM, and * ZCM d i r e c t i o n s .  

* 

F u n c t i o n a l  -ests conducted a s  p e r  Waiver No .  K-99, fo l lowing  
t h e  a c c e l e r a t i o n  tests, showed s a t i s f a c t o r y  o p e r a t i o n  of t h e  MDV, 

5 3 . 8  TD K-48 Shipping Con ta ine r  Desiqn 

a, D e s c r i p t i o n  o f  E f f o r t  

Th i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  t h e  d e s i g n  and p r e p a r a t i o n  
f o r  manufacture  o f  s h i p p i n g  c o n t a i n e r s  f o r  t h e  Opt ica l  Uni t  md  t h e  
Map and Data V i e w e r  when exposed to t r a n s p o r t a t i o n ,  hand l ing ,  and 
storage environments.  I n  a d d i t i o n ,  t h i s  TD a u t h o r i z e d  t h e  manufac- 
t u r e  of e i g h t  MDV s h i p p i n g  c o n t a i n e r s ,  

Note : Techn ica l  d i r e c t i v e  (TD K-10 3) a u t h o r i z e d  t h e  fabrica- 
t i o n  of f o u r  s h i p p i n g  c o n t a i n e r s  for t h e  f i r s t  f o u r  Opt ical  Uni ts .  
The remainder  o f  t h e  O p t i c a l  Un i t s  w i l l  be sh ipped  i n  t h e  Opt ics -  
Navigat ion Base Shipping Con ta ine r ,  t h e  d e s i g n  and f a b r i c a t i o n  of 
which i s  a u t h o r i z e d  by TD K-81, 

be Accomplishments 

Design drawings f o r  t h e  O p t i c s  and MDV c o n t a i n e r s  were com- 
p l e t e d .  Minor m o d i f i c a t i o n s  were made for conformance to NASA 
drawing skandiards p r i o r  to  submiss ion f o r  approval .  

Q u a l i f i c a t i o n  tests of the MDV c o n t a i n e r  were completed. The 
c o n t a i n e r  s a % l n f a c t o r i l y  w i t h s t o o d  these tests, and m e t  a l l  t h e  
c o n d i t i o n s  s p e c i f i e d  i n  R S  1019721, A report on t h e s e  tests were 
i s s u e d .  Two a d d i t i o n a l  MDV c o n t a i n e r s  w e r e  fabricated. A pk,oto- 
graph of t h e  c o n t a i n e r  w i t h  cover  removed appea r s  i n  F igure  53-10. 
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Figure 5-9. MDV Test Setup 



Figure 5-10. YZV Shipping Container 
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5.3.9 TD K-10 3 Fak~ri.cate Four OSS Shipping Con ta ine r s  , , , _ - _ . . ~ Y . - - -  

a, D e s c r i p t i o n  of Effort - 
 his t e c h n i c r ~  l. d i r e c t i v e  au t l ror ized  the f a b r i c a t i o n  of four 

Optical Unit  s h i p p i n q  c o n t a i n e r s ,  des igned  under TD K-48. 

~balification tests were completed and a report i s s u e d .  ~ h c  
c o n t a i n e r  s a t i s f a c t o r i l y  w i t h s t o o d  t h e s e  tests, and m e t  a l l  t h e  
requi rements  s p e c i f i e d  i n  PS 1019700e A photograph of t h e  c o n t a i n e r  
system, with  bo th  cover s  removed, is  shown i n  F i g u r e  5-11, TWO 
c o n t a i n e r  systems have been f a b r i c a t e d ,  

5.3.10 TD K - 8 1  Opt ics -Naviga t ion  Base Assembly Shipping and 
Handlinq Con ta ine r  

a. D e s c r i p t i o n  of E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  t h e  d e s i g n  and manufacture 
of shfpp.ing and hand!.ing c o n t a i n e r s  f o r  t r a n s p o r t i n g  and s t a r i n g  
e i t h e r  t h e  Opt ics -Naviga t ion  Base Assembly and Handling F i x t u r e ,  
or t h e  Opt ica l  Un i t  w i t h  a dummy n a v i g a t i o n  base and dunmy hand l ing  
f i x t u r e .  The c o n t a i n e r s  must  be c a p a b l e  o f  p r o t e c t i n g  t h e  Optics- 
Navigat ion Base Assembly and o t h e r  c r i t i ca l  items from t h e  t r a n s -  
p o r t a t i o n  s h i p p i n g  environments  s p e c i f i e d  i n  Apollo Environmental 
Cr i ter ia  S p e c i f i c a t i o n  dated March 25 ,  1963. 

S i x t e e n  c o n t a i n e r s  were b u i l t ,  t h e  f i r s t  o f  which was used for 
q u a l i f i c a t i o n  tests. These c o n t a i n e r s  replaced t h e  ones be ing  
fabricated under TD K-103. 

t 

b, Accomplishments 

Design drawings have been completed, and reviewed,  

5.3.11 TD K-60 and K-98 Thermal Ana lys i s  

a, D e s c r i p t i o n  of Effort 

These t - e c h n i c a l  d i r e c t i v e s  a u t h o r i z e d  t h e  performance of t h e r -  
m a l  a n a l y s e s  o f  t h e  O p t i c a l  Subsystem and t h e  Map and Data V i e w e r  
t o  de te rmine  t empera tu re  c o n d i t i o n s  of selected critical e lements  
for hot and cold orbits ,  Ir, a d d i t i o n ,  s u p p o r t  was proviaed for 
the t e s t i n g  of t h e  AGE-1 Opt ica l  Subsystem and Map and Data V i e w e r ,  f 

1 
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and t o  suppor t  MIT/IL i n  t h e  e ~ a l u ~ a t i o n  of c e r t a i n  thermal  variables 
ouch as form f a c t o r s  and h e a t  exchange between selected s u r f a c e s ,  

b, Accomplishments - 
Detailed t r a n s i e n t  thermal ana lyses  of  t h e  Apollo Optical Unit 

were conducted f o r  s e v e r a l  pa ramet r ic  v a r i a t i o n s ,  Temperatures 
were computed f o r  combination of maximum and minimum temperature 
cond i t i ons ,  h o t  and cold o r b i t s ,  and whi te  pa in t ed  and bare  metal 
COVBZb 

The O p t i c a l  Subsystem was d iv ided  i n t o  9 1  temperature modes 
w i th  temperatures  computed f o r  each mode a t  every 0.1 hour tap t o  
3 hours,  Thus, t r a n s i e n t  p r o f i l e s  were ob ta ined  f o r  t h e  va r ious  
components, Ten of these ana lyses  were conducted and r e s u l t s  ob- 
t a i n e d  for t h e  fo l lowing condi t ions :  

(1) Minimum temperature cond i t i on ,  no solar r a d i a t i o n ,  
c o l l a n t ,  w h i t e  covers, 

( 2 )  Minimum temperature condi t ion ,  salar r a d i a t i o n ,  
coo lan t ,  w h i t e  covers ,  

( 4 )  Maximum Temperature condi t ion ,  solar r a d i a t i o n ,  
coo lan t ,  w h i t e  covers.  

(5) Maximum temperature cond i t i on ,  no s o l a r  r a d i a t i o n ,  
coo lan t ,  w h i t e  covers ,  

(6 j Maximum temperature condi t ion ,  s o l a r  r a d i a t i o n ,  
no coo lan t ,  whi te  covers ,  

' (7) Minimum temperature condi t ion ,  no solar r a d i a t i o n ,  
coo lan t ,  bare covers ,  

(8) Minimum temperature aondi t ion ,  no solar r a d i a t i o n ,  
no c s o l a n t ,  ba re  covers ,  

(9 )  Maximum temperature condi t ion ,  solar r a d i a t i o n  
c s o l a n t ,  bare  covers.  

(10) Maximum temperature condi t ion ,  s o l a r  r a d i a t i o n ,  
' no  coo lan t ,  ba re  covers ,  

(3)  Minl.mum temperature condi t ion ,  no solar r a d i a t i o n ,  
no c o o l a n t ,  whi te  covers ,  
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A s t e a d y - s t a t e  thermal  analysis of t h e  Map and Data V i e w e r  
was conducted.  Tarnperatures were computed f o r  o p e r a t i o n  under 
maximum envi ronmenta l  c o n d i t i o n s .  

The Map and Data V i e w e r  w a s  d i v i d e d  i n t o  36 tempera ture  modes 
w i t h  t empera tu res  computed f o r  each mode a t  eve ry  0.1  hour up to  
3 h o u r s ,  a t  which t i m e ,  s t e a d y - s t a t e  i s  v i r t u a l l y  achieved f o r  
t h e s e  components. The tempera tures  d e p i c t  maximuin t empera tu re  
c o n d i  Lions a t  s teady-s t a t e  . 

The ApoJlo Guidance Equipment Thermal Vacuum T e s t  Chamber was 
ana lyzed  to  de termine  i t s  tempera ture  p r o f i l e  under t h r e e  sets o f  
tes t  c o n d i t i o n s  w i t h i n  t h e  s imula ted  command module chamber. Re- 
q u i r e m a r i s  f o r  thermal i n s u l a t i o n  t o  be a p p l i e d  t o  t h e  bulkhead 
which d i v i d e s  t h e  t es t  chamber i n t o  a command module compartment 
on one  side and a space  compartment on t h e  o t h e r  side were a n a l y t i c -  
a l l y  determined.  The wat tage  capacity for h e a t e r s  t o  be mounted 
to  t h e  same bulkhead on t h e  command module side was a l s o  d e r i v e d .  
The h e a t e r s  provided  t h e  s imula ted  mounting t empera tu res  f o r  t h e  
O p t i c a l  B a s e  and f o r  t h e  Scanning Telescope and S e x t a n t  B e l l o w s .  
The the rmal  i n s u l a t i o i ~  prevented  i n o r d i n a t e  h e a t  loss from t h e  
Command Module compartment t o  t h e  space  compartment. 

The the rmal  a n a l y s e s  of t h e  test  chamber i n d i c a t e d  t h a t  t h e  I 

b c a p a c i t y  t o  provide  a t  l e a s t  800 watts o f  h e a t  t o  t h e  Command 
Module side of t h e  bulkhead was r e q u i r e d .  I t  w a s  recommended t h a t  
t h e  h e a t e r s  be l o c a t e d  i n  a s i x  i n c h  annulus  d i r e c t l y  a d j a c e n t  t.o A 

t h e  r i n g  p rov ided  f o r  mounting t h e  O p t i c a l  Uni t  T e s t  F i x t u r e .  I t  
was also recommended t h a t  20 s h e e t s  o f  NRC-2 "Super - insu la t ion"  be I 
a p p l i e d  t o  t h e  space  chamber side o f  t h e  bulkhead. These a d d i t i o n s  $ 

? 
made it possible t o  s i m u l a t e  normal o p e r a t i n g  c o n d i t i o n s  and emer- 4 
gency c o n d i t i o n s  of cold and h o t  extremes.  4 

A report w a s  w r i t t e n  on t h e  r e s u l t s  o f  t h e  test chamber thermal  
a n a l y s e s .  A comprehensive f i n a l  thermal  r e p o r t  w a s  w r i t t e n  on t h e  
a n a l y s e s  o f  t h e  O p t i c a l  Unit and t h e  Map and Data V i e w e r .  

Thermocouple temperature  r e a d i n g s  monitored d u r i n g  t h e  thermal-  
vacuum test o f  t h e  Apollo O p t i c a l  Subsystem were compared w i t h  
temperat~re r e s u l t s  of t h e  thermal  a n a l y s i s .  A c o r r e l a t i o n  a n a l y s i s  
between t h e  t w o  sets o f  d a t a  w a s  performed. 

D i f f e r e n c e s  i n  t h e  t w o  s e t s  o f  data w e r e  no ted  and a basis t o  
d e f i n e  them was e s t a b l i s h e d .  P r i m a r i l y ,  t h e  d i f f e r e n c e s  arise 
f r o m  t h e  d i v e r s e  boundary thermal  c o n d i t i o n s  used i n ' t h e  test  and 
i n  the a n a l y s i s .  A l s o ,  t h e  a n a l y s i s  w a s  f rindamentally t r a n s i e n t  
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and was t e rmina t ed  a t  t h r e e  hours.  The test t.emperatures were 
monitored for a f i f t e e n  hour pe r iod .  A report was w r i t t e n  e n t i t l e d ,  
  pol lo O p t i c a l  Suboystem, T e s t  and Ana lys i s  C o r r e l a t i o n  of R e s u l t s w ,  

d e s c r i b i n g  t h e  i n v e s t i g a t i o n  atid t h e  cor,cl'usions drawn, 

TD K-61 AGE-2 Mechanical I n t e g r i t y  Tests 

a, D e s c r i p t i o n  of  E f f o r t  

Th i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  mechanical  i n t e g r i t y  tests 
of  t h e  AGE-2 Opt ica l  Uni t ,  S p e c i f i c a l l y ,  t h e  work au tho r i zed  
c o n s i s t s  o f  p r e p a r a t i o n  of a tes t  p l a n ,  d e s i g n  and f a b r i c a t i o n  of 
test  f i x t u r e s ,  conduct ing  of t e a t s ,  r e co rd ing  and a n a l y s i s  ~f d a t a ,  
and submiss ion  o f  f i n a l  r e p o r t .  

b, Accomplishments - 
Concrete  base ( 5 '  x 5 '  x 5 ' )  for t h e  Shock Machine was in -  

s t a l l e d .  The shock machine was assembled,  and check o u t  f o r  t h e  
v a r i o u s  t e r m i n a l  peak sawtooth shock p u l s e s  t h a t  were requ i red .  

~ e t a i l e d  test procedure  wan completed, 

The t h r e e  c o o l a n t  hoses (P/N 1001580, 1001581, and 1001582) 
were l e a k  tested a t  60 pse .  One hose (P/N 1001580) was found t o  W %  

be u n s a t i s f a c t o r y .  A f t e r  examinat ion and i n v e s t i g a t i o n ,  it w a s  t 

l e a r n e d  t h a t  t h i s  hose was cracked ,  due to  extreme bending d u r i n g  4 

shipment.  The remaining t w o  hoses  were s a t i s i a c t o r y .  

Eva lua t i on  o f  t h e  O p t i c a l  Uni t  v i b r a t i o n  f i x t u r e  was completed. 
i 
4 
E! 

Eva lua t ion  of v i b r a t i o n  i n s t rumen ta t i on  ( a c c e l e r a t i o n  and s t r a i n  f b 
measuring d e v i c e s ,  t a p e  recorder, a n a l y s i s  f i l t e r s ,  cu rve  p l o t t e r ,  
a t c .  ) w a s  completed,  

V i b r a t i o n  o f  t h e  O p t i c a l  Uni t  a long  each  of t h e  t h r e e  comand  
module axes  w a s  conducted i n  accordance w i t h  t h e  acceptance  test 
v i b r a t i o n  s p e c i f i c a t i o n .  F igure  5-12 shows t h e  Opt ica l  Uni t  ar- 
ranged f a r  v i b r a t i o n  a long  t h e  Y a x i s .  Upon complet ion of v i -  
b r a t i o n ,  a f u n c t i o n a l  test  w a s  cS!!ducted i n  accordance w i t h  t h e  FTM, 
There was no  change i n  performance of t h e  Sex tan t .  There were, 
however, s e v e r a l  d i s c r e p a n c i e s  i n  t h e  Scanning Telescope. 

1. A l oosen ing  of t h e  s h a f t  a x i s  approximately  -006 i n c h  
a x i a l l y ,  C o m p l e t e  d isassembly o f  t h i s  area i n d i c a t e d  
improper s e l e c t i o n  of t h e  spacer for t h e  1011606 Bear ings ,  
An a n a l y s i s  w a s  conducted (TD K-62) t o  e s t a b l i s h  a basis 
for improved assembly methods to  p r e v e n t  t h i s  problem 
from r e c u r r i n g .  



L7 
e Figure  5-12. Optical U n i t  Arranged fct  Random V i b r a t i o n  Along YCy A x i s  

. . - 1 .- .' I . .  
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2. A loosening of t h e  do\rtAe-dove prism w i t h i n  i ts  clamps. 
Evaluat ion  of  t h i s  s i t u a t i o n  suggested improper i n i t i a l  
s e l e c t i o n  of clamps and indium f o i l  th ickness .  

3. F a i l u r e  o f  t h e  s h a f t  ax i8  counte r  bear ings .  Evaluat ion 
i n d i c a t e d  t h a t  t h e  modified counte r  used i n  a l l  Op t i ca l  
Uni ts  was no t  used i n  t h e  AGE-2 u n i t .  

The u n i t  was reassembled us ing  a proper  spacer ,  proper double- 
dove prirrm clamps and indium f o i l  t h i cknes s  and t h e  modified counte r s  
f o r  bo th  t be  t runn ion  and s h a f t  axes.  

A b a s e l i n e  FTM was performed. Pre l iminary  a i n u s o i d a l  v i b r a t i o n  
t e a t 8  were conducted along t h e  XCM, YCM, and ZcMaxe8, a t  1 g from 
10 t o  2000 cps. Osci l lograph record ings  of  t h e  28  accelerometers 
aid t h e  19  s t r a i n  gages were evaluated .  

Based upon t h i s  eva lua t ion ,  s p e c i f i c  t r ansducers  were selected 
for monitor ing dur ing  t h e  random v i b r a t i o n  tests. 

C 

Random v i b r a t i o n  tests were conducted i n  accordance wi th  t h e  
Launch and F l i g h t  Spectrum, a t  25% and 50% of  t h e  to ta l  gms level,  
a long t h e  XCM, YcM, and ZCM axes. Spectral d e n s i t y  curves  were 4 

plotted f o r  t h e  1 4  t r ansducers .  

An FTM performed fol lowing t h e s e  tests showed an out-of- tolerance 
reticle e c c e n t r i c i t y  cond i t i on ,  which w a s  determined to  be due to  
loosening of the o b j e c t i v e  l e n s  assembly. 

N o  o t h e r  d i s c r e p a n c i e s  were found. 

A f t e r  c o r r e c t i n g  t h e  reticle e c c e n t r i c i t y  condi t ion ,  random 
v i b r a t i o n  tests were conducted a t  100% l e v e l  (7.2 g , along t h e  rms 
*CM' 'CM' and ZCM axes.  Spectral d e n s i t y  curves  were ob ta ined  and 
evaluated .  

An FTM conducted a t  t h e  conclus ion  of t h e s e  tests y i e lded  t h e  
fol lowing information:  

1. Sex tan t  reticle e c c e n t r i c i t y  and pe rpend icu l a r i t y  were 
o u t  of to le rance .  

2. Sex tan t  s h a f t  a x i s  resolver rotated 1 4  degrees ,  due to  
loosening of  t h e  locking r ing .  
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3, Sextant  s h a f t  a x i s  bear ings  loosened, 

4 ,  Sextant  F l expr in t ,  al though a b l e  t o  funct ion,  was 
worn due t o  rubbing a g a i n s t  t h e  cover and a g a i n s t  
an i n t e r n a l  wi r ing  harness ,  

5. Telescope eyepiece prism was chipped a l i g h t l y  i n  t h r e e  
p laces .  (Eyepiece was n o t  intended to be mounted during 
t h i s  phase of t h e  mission, I t  was evaluated  t o  determine 
t h e  e f f e c t  of  a c c i d e n t a l l y  having it secured to  t h e  u n i t , )  

6. Opt ica l  Unit  mount ing .bo l t s  backed o u t  l./4 tu rn .  

7. Mounting b o l t s  were scored by t h e  mounting bal ls ,  

Repairc were made t o  t h e  u n i t ,  with bear ing preload increased 
t o  75 pounds, followed by an FTM t o  r e -e s t ab l i sh  the  basel ine .  

Based upon t h e  r e s u l t s  ob ta ined  i n  t h e  100% test ,  accelero- 
meters were loca t ed  a t  p o i n t s  considered t o  be t h e  most cri,tical,  
Sinusoidal  v i b r a t i o n  tests were conducted a t  lg ,  from 5 to  2Q0 cps 
along t h e  XCMt YCMp and ZCM axes,  both wi th  SXT and SCT covera i n  
p lace  and removed. The recorded d a t a  w a s  evaluated.  

A l l  Op t i ca l  Unit  shock f i x t u r e s  were evaluated.  

c, Problem Areas 

A TD w a s  requ i red  t o  cover t h e  r e p a i r  e f f o r t  on t h e  Scanning 
Telescope and any subsequent r e p a i r  e f f o r t s  required  dur ing  t h e  

d 

course of  the  test  program, F 
S 
2 

  he eva lua t ion  of t h e  AGE 2 Op t i ca l  Unit suggested t h a t  c e r t a i n  
subassembly tests be performed. However, Kollsman had no au thor i -  

T 
za t ion  t o  conduct any tests other than  those on the  AGE 2 assembly. 
The fol lowing a d d i t i o n a l  i n v e s t i g a t i o n s  were recommended. 

1. Evaluat ion of mounting arrangement (Be lPevi l l e  washers, 
mounting bolts ,  mounting bolts ,  mounting b a l l s ) .  

2. Object ive l e n s  assembly. 

3. ~ e t i c i e  assembly. 

Other i n v e s t i g a t i o n s  were requ i red ,  based upon a d d i t i o n a l  
information t h a t  was acquired d u r i ~ g  subsequent AGE 2 t e s t i n g ,  

5.3.33 TD K-62 Optical Unit Stress Analysis 

a, Descript ion of Effort 

 his t e c h n i c a l  d i r e c t i v e  authorized a v i b r a t i o n  analysis 
of t h e  Opt ica l  Unit t o  determine the dynamic behavior of  selected 

5-61 1 I 



KOLLSMAN INSTRUMENT CORPORATION 

elements  of t he  assembly. I n  a d d i t i o n ,  eva lua t ion  of unusual and 
e x c e ~ s i v e  shock loading on t h e  Op t i ca l  Unit ,  imposed dur ing  earth- 
land ing ,  was conducted, specific all:^ i n  termo of crew s a f e t y  re- 
quirexnent8. These analyses  were uaed to  determine critical arear, 
and a ided  i n  determining p o i n t s  of measurement f o r  t h e  AGE-2 mech- 
a n i c a l  i n t e g r i t y  tests (TD K-61). 

be Accomplirhments 

~n a n a l y s i s  was performed, and a r e p o r t  i s sued  on t h e  a t r e s e a r  
i n  t h e  opt ics-Navigat ion Base mounting bolts when exposed to  t h e  
e a r t h l a n d i n g  shock environment. As a r e s u l t  of  t h i e  s tudy ,  it war 
recommended t h a t  high s t r e n g t h  b o l t s  be used, Bolts with an u l t i -  
mate s t r e n g t h  of 300,000 ps i  were used i n  place of  b o l t s  r a t e d  a t  

180,000 p s i ,  

AaMoment of I n e r t i a  Studywwas completed and a r e p o r t  i s sued  
on t h e  moment of i n e r t i a  of t h e  O p t i c a l  Unit  about  its own axes. 

~n a n a l y s i s  of t he  Sex tan t  t runn ion  a x i s  and a h a f t  axis  gear 
t r a i n a ,  as w e l l  as t h e  Scanning Telescope t runn ion  a x i s  and a h a f t  
axis gear t r a i n e  was made. Resu l t s  ob t a ined  ehowed t h a t  t h e  lowest f .  

t o r s i o n a l  n a t u r a l  frequency i n  t h e  Sex tan t  t runn ion  a x i s  gear t r a i n  
is  645 cps, w i t h  t h e  remaining 6 n a t u r a l  f requenc ies  conliiderably 
higher (about 4000 cps and up).  Ls' 

~n a n a l y s i s  was completed on t h e  n a t u r a l  f requenc ies  of t h e  
S e x t a n t  and t h e  Telescope, each considered as a r i g i d  body, sup- 
ported by t h e  s h a f t  a x i s  bear ings ,  cons idered  t o  be sp r ings ,   or 
t h e  Sex tan t ,  t h e  two n a t u r a l  f requenc ies  are 1080 cps and 3500 cps; 
for t he  Telescope, 2060 cps and 2400 cps. 

L a t e r a l  v i b r a t i o n  of t h e  Sex tan t  and Scanning Telescope was 
eva lua ted .  Based upon t h i s  a n a l y s i s ,  it w a s  concluded t h a t  t h e  
dynamic behavior  of these s t r u c t u r a l  e lements  w a s  satisfactory. 
A r e p o r t  cover ing  t h i s  eva lua t ion  w a s  i s sued .  

The t o r s i o n a l  v i b r a t i o n  a n a l y s i s  of t h e  Sex tan t  and Scanning 
Telescope gear  t r a i n s  ( sha f t  and t runn ion  axes )  was completed. The 
r e s u l t s  showed t h a t  t o r s i o n a l  o s c i l l a t i o n s  o f  t he  gears is  no t  a 
problem. A report covering t h i s  s tudy  w a s  completed. 

An a n a l y s i s  of t h e  loads i n  t h e  eyepiece  mounting bolts was 
completed. The r e s u l t s  showed t h a t  t h e  bolts  v i l l  wi ths tand the  
specified dynamic environment. A report cover ing  t h i s  eva lua t ion  
w a s  completed. 
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An ana lye i s  of  the loads on t h e  var ioue  l e n s  aurembliee i n  
t h e  Optical Unit  and the  Map and Data V i e w e r  war complctsd, The 
r e s u l t s  showed t h a t  there w i l l  be no degradat ion a t  t h e  l i n e  of 
con tac t  between t h e  l enses ,  spacers  and housing s e a t s ,  A r e p o r t  
covering t h i s  study was completed. 

An a n a l y s i s  wae performed on t h e  Sextant  and Scanning Tele- 
scope bear ings  (1011607-2, 1011606-1 and -2,  respectively) to  
de te rn ine  possible cause8 of a x i a l  motion of  each r h a f t ,  and to  
form t h e  basis for improved assembly methods to  elimhate t h i s  
motion , 

An ana lya ie  wao conducted to dekermine t h e  dynamic behavior 
of t h e  eyepieces,  

c ,  Problem Areas 

An a n a l y t i c a l  study of  t h e  a e x t a n t  and ~carur ing  te lescope  
s h a f t  a x i s  hear ings  (1011607-2, and 1011606-1, -2, r aapec t iva ly )  
was completed and a r e p o r t  was i ssued.  The r e s u l t s  nhowed t h a t  
h igher  preload8 on t h e  bearing8 are requi red ,  and t h a t  an improved 
method of assembly should be i n s t i t u t e d ,  As a r e e u l t  of  t h i s  
s tudy,  t he  ind ica t ed  changes were incorpora ted  i n  t he  a ~ r e m b l y  
procedures,  

An a n a l y s i s  o f  t h e  dynamic behavior of t h e  eyepiece6 war com- 
p le ted .  The r e s u l t s  of t h i s  a n a l y s i s ,  t oge the r  with t e a t  data 
obta ined under TD K-61, dictated that t h e  eyepieces rhould n e t  be 
mounted t o  t h e  Op t i ca l  Unit  during t h e  mere extreme phases of tha 
1una1: mission (launch, re-entry,  high "0' abort),  

A f i n a l  report w a s  prepared on a l l  of t h e  analyses  perfomed, 

TD K-93 AGE-1 Optical Subsystem Thermal/Vacuum T e s t s  

a, Descr ip t ion of E f f o r t  

Th i s  t e c h n i c a l  d i r e c t i v e  author ized design-evaluation t e a t i n g  
of t h e  AGE-1 Op t i ca l  Subsystem, which inc ludes  thermal-vacuum and 
humidity exposure, 

Accomplishments 

F ix tu re s  

(1) Fabrf c a t i o n  of t h e  following f i x t u r e s  . was completedo 
10-23330-0091 Thermal Vacuum 
10-23330-0 111 Humidity 
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(2) Completed design for vacuum chainber handling fixture for 
the combined OSS and the 10-23330-0203 was completed and im now in 
the fabrf cation stage. 

(3) Design of the following fixtures was completed: 

10-23330-0201 Coupling Shield (Solar simulator) 
10-23330-0202 Optical port covers (Vacuum chamber) 

Chamber 

(1) The vacuum chamber underwent acceptance tests, conducted 
jointly by Kollrman and the vendor to assure confoxmance to all 
design specifications. 

(2) Evaluation studies of the vacuum chamber w i n g  theodolite., 
alignment telescopes and autocollimators to determine the atability 
characteristics of the mounting partition and the posmible effect. 
of transmitted vibration from the pumping gear and other equipment 
in the environs of the space chamber was completed. 

( 3 ) '  Installation and checkout of the heat exchanger 8ymtem 
was completed. Design and fabrication oi the appropriate hydraulic 
lines was completed. Subject system was coupled to the vacuum 
chamber when the chamber acceptance run was completed, 

( 4 )  Installation and checkout of the solar simulation rysten 
was completed. A second calibration check using an exposure meter 
was accomplished. Ducting was installed to vent exhaust gaaes and 
to safely dispose of any toxic fumes produced. The radiation pro- 
jection angle was approximately 12 degrees from the chamber arid 086 
horizontal axis. Subject run was completed. A Coupling Shield 
design, 10-13330-0201 was completed. 

( 5 )  A "Safety Studyn relative to the operation of the solar 
simulation system was initiated. For personnel ptotection, protec- 
tive clothing, eye shield& and sunburn ointment were ordered, 
Safety procedures for the operational area were formulated, An 
optical part cover, 10-23330-0262 design was completed. 

( 6 )  Final determination of heating and/or insulation of the 
vacuum chamber partition, to simulate C/M structual heat input to 
OSS was completed. 

( 7 )  Compatibility testing and evaluation checkout of the 
completed functional tests 2nd the auxiliary test panel waa completed, 
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Optics and Op t i ca l  Determination 

(1) Evaluat ion s t u d i e s  of t h e  o p t i c a l  p o r t  f l a t n e s s  charac te r -  
i s t ics  and t h e  a f f e c t ,  if any, on o p t i c a l  metrology procedures was 
completed, 

( 2 )  Fab r i ca t i on  of t h e  Op t i ca l  P i e r ,  10-23330-0210, equipped 
wi th  a d u a l  t h e o d o l i t e  mounting was completed, 

(3) Fab r i ca t i on  of t h e  two Op t i ca l  Piers 10-23330-0206 warn 
completed, One was equipped r * t h  a r e f e r ence  t h e o d o l i t e ,  t h e  o t h e r  
w i t h  a 45. prism mount (or a p r e c i s i o n  cube) .  

( 4 )  An alignment procedure of t h e  t h r e e  o p t i c a l  piers, refer- 
enced i n  ( 2 )  and (3)  above, i n  t h e i r  r e spec t ive  angular  p o s i t i o n  
x e l a t i v e  t o  t h e  vacuum chamber h o r i z o n t a l  l ine-of-s ight  was completed. 

(5)  Optical bench eva lua t ion  s t u d i e s  of  t h e  SCT to  e s t a b l i s h  
a racondary method o f  o p t i c a l  metrology w a s  continued, Thie al tar-  
n a t e  method of o p t i c a l  measurement permitted f r o n t  and rear SCT 
o p t i c a l  viewing c a p a b i l i t y .  

c ,  Problem Areas 

Evaluat ion  s t u d i e s  of t h e  proposed SCT o p t i c a l  measurement 
procedure d i s c l o s e d  a suspected problem i n  viewing through t h e  
double dove end w i t h  a t h e o d o l i t e  mounted o u t s i d e  of t h e  l a r g e  spool  
s e c t i o n  o f  t h e  vacuum chamber, The l a r g e  distance involved negated 

. t h i s  form of  measurement, I t  was proposed t o  have 'ready a t  t h e  
s t a r t  of t h e  eva lua t ion  test a secondary method o f  o p t i c a l  metrology, 
using an alignment tel+ocope.  T h i s  viewing technique was a t  t h e  
o p p o s i t e  end of t h e  vacuum chamber (small  spool  area) s i g h t i n g  
through the Panel  End of t h e  SCT. 

The i n i t i a l  al ignment procedure involving t h e  t h r e e  o p t i c a l  
piers disclosed a series of problems. The most pe rp lex ing  problem 
was t h e  small maneuvering art a v a i l a b l e  f o r  p o s i t i o n i n g  t h e  p i e r s ,  
The desired cube referenced technique r e q u i r e s  a l a r g e r  area than  
is  a v a i l a b l e .  Therefore,  concen t ra t ion  was exe r t ed  i n  t h e  use of 
a r i g h t  angle  mi r ro r  tecknique.  The s t a b i l i t y  o f  t h e  piers, once 
a l igned ,  was o f  paramount importance. Various methods to i n s u r e  
permanent l o c a t i o n  and s t a b i l i t y  were under cons idera t ion .  Present 
environmental  cond i t ions  i n  t h e  o p t i c a l  p i e r  a r e a  were n o t  favorable  
f o r  s t a b i l i t y  of p r e c i s i o n  ins t rumenta t i cn  ( t h e o d o i i t e s  , a l ~ g n m e n t  
telescope end c o l l i m a t o r s ) .  Various methods to  correct t h i s  s i t u a -  
t i o n  were considered,  
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A l l  items, r e q u i r e d  f o r  t h e  implementat ion of  t h e  AGE I test- 
i n g ,  were a c q u i r e d  or  fabricated. 

The o p t i c a l  e v a l u a t i o n  s t u d i e s  of  t h e  Space Chamber were c s m -  
pleted. The equipment used was an o p t i c a l l y  f l a t  m i r r o r  ( 1 / 4 )  and 
an  a u t o c o l l i m a t i n g  t h e o d o l i t e  t o  e s t a b l i s h  t h e  movement of  t h e  
p a r t i t i o n  between t h e  chamber s e c t i o n  under t h e  extreme errvironmzntal 
c o n d i t i o n s  t o  which t h e  O p t i c a l  Uni t  w a s  exposed. A s k e t c h  o f  t h e  
t es t  se t -up  is shown i n  F i g u r e  5-13. The c o n d i t i o n s  a p p l i e d  were 
as f o l l o w s  (see Pigura  5-14, "Chamber Schemat icn)  . Chamber B was 
v a r i e d  j.n t empera tu re ,  from O 0  t o  160°F and,  i n  p r e s s u r e ,  from one 
atmosphere (approximately  1 4 . 7  p s i )  down t o  1 x 10"hm H g .  Chamber 
A was v a r i e d  i n  txmpera ture  from +200° t o  -250°F and t h e  p r e s s u r e  
w a s  b rought  t o  and main ta ined  a t  1 x 10-7 mm Ha. The r e s u l t s  o f  
t h e  test h d i c a t e d  t h a t  t h e  g r e a t e s t  changc i n  ar:qular d i sp lacement  
of t h e  0ptic-J a x i s  o f  t h e  m i r r o r  w i l l  never  exceed 1 minute of arc 
w i t h  t h e  ma~.i.nlm stress d i f  ferent.!.als applied a c r o s s  t h e  p a r t i  Lion.' 
The maximum z ~ r e s s :  c o n d i t i o n s  a p p l i e d  were a s  fol lows:  

Condi .::i on -- Chamber B Chamber A 

I. p r e s s u r e  1 amhient  atmosphere 1 l ~ - ~ ~  H~ 

t e m p ~ r a t u r e  + 160°  F 
(shroud! 

1 p r e s s u r e  1 atmosphere 1 1 0 ~ ~ ~  H~ 

t empera ture  -1iI0F 
(shroud)  

Mylar s u p e r i n s u l a t i o n  was p l a c e d  on t h e  chamber p a r t i t i o n  w a l l  
s e p a r a t i n g  Chamber B from Chamber A on t h e  space  s imula t ion  side. 
The e n t i r e  w a l l  was covered w i t h  t h e  e x c e p t i o n  of t h e  24-inch dia- 
meter removable p l a t e .  Strip heaters of v a r i a b l e  power in.put (0 to 
1 0 0  w a t t s  e a c h )  were mounted t o  t h e  p a r t i t i o n  w i t h i n  an  imaginary 
6-inch annulus  around the 24-inch diameter p l a t e  circle on t h e  
s i n u l a t e d  Command side (Chamber B). The above procedure  p e r m i t t e d  
a v a r i a b l e  i n p u t  c a p a b i l i t y  t o  establish t h e  p roper  l e v e l s  o f  
s p a c e c r a f t  s t r u c t u r a l  h e a t  loads .  

An i n i t i a l  condensed envi ronmenta l  exposure  of t h e  Opt ica l  
Unit w a s  performed, according t o  t h e  schedu le  shown i n  F i g u r e  5-15. 
A s k e t c h  of  t h e  o p t i c 8 1  t e s t  set i s  i n d i c a t e d  I n  F igure  5-16. The 
purpose of t h e  tes t  was to establish t h e  e x t r e m i t i e s  t o  which t h o  
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CHAMBER PARTITION 
( 2 4  I N C H  PLATE 

Figure 5-13. T e s t  Set-up for Chamber Partition 
Movement Evaluat ion 

.CHAMBER 8 CHAMBER A 
(-IO'F TO+ 160°1C (-250°F T0+200°F 
14.7 pal TO log4 mm ttg) 

MRTlTlON 

AUTOCOLLIMATINQ 
THEODOLITE 

Figure 5 - 1 4 .  Chamber Schematic 
( S e c t i o n a l  V i e w  from Top Looking Down) 
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ENVIRONMENT SCHEDU.LE 

FOR A G E - I  OPTICAL UNIT 

Figure 5-15. Environmental Schedule for 
AGE 1 Optical U n i t  



SOLAR SIMULATOR 
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DEVICE VENT TO 
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Figure 5-16. AGE 1 Thermal Vacuum Optical Test Layout 
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O p t i c a l  Uni t  would be s u b j e c t e d  i n  t h e  formal  extended test .  T h i s  
test determined what a r e a s  o f  t e s t i n g  would r e q u i r e  a d d i t i o n a l  ob- 
s e r v a t i o n  o r  moni to r ing  then  o r i g i n a l l y  proposed i n  t h e  p r e l i m i n a r y  
" D e t a i l e d  T e s t  Proceduren .  The tes t  data were ana lyzed  and t h e  
n e c e s s a r y  r e s u l t i n g  improvements i n  i n s t r u m e n t a t i o n  and o p e r a t i n g  
p rocedure  were i n s t i t u t e d  p r i o r  t o  t h e  ex tsnded  run ,  

it was d i s c o v e r e d  t h a t  t h e  Solar S imula to r ,  when ene rg ized  
and d i r e c t e d  through t h s  12-inch o p t i c a l  p o r t  i n  t h e  
Space Chamber (see Figure  5 -16) ,  caused t h e  ret icle  images 
of t h e  SCT and SXT t o  be o b l i t e r a t e d  comple te ly ,  A s o l u t i o n  
of the problem of re t ic le  o b l i t e r a t i o n  w a s  p rovided  by 
c l o s i n g  t h e  s h u t t e r  between t h e  a r c  and t h e  f i r s t  condensing 
l e n s  i n  t h e  S o l a r  S imula tor  and,  w h i l e  ma in ta in ing  back 
l i g h t i n g  of  t h e  O p t i c a l  Uni t ,  perform t h e  r e q u i r e d  t h e o d o l i t e  
r e a d i n g s  (SXT LLOS 6 SLOS ) . 

2 ,  P r e l i m i n a r y  r e d u c t i o n  of  t h e  tes t  data a c q u i r e d  i n d i c a t e d  
t h a t  t h e  d i sp lacement s  observed were of t h e  whole o p t i c a l  
base r a t h e r  t h a n  s h i f t s  o f  t h e  components w i t h i n  t h e  SXT 
or SCT. An a d d i t i o n a l  t h e o d o l i t e  , T-5 (see F igure  5-17) , 

' w a s  added t o  t h e  test  l a y o u t  t o  measure more a c c u r a t e l y  t h e  
p i t c h  and r o l l  a t t i t u d e  of t h e  o p t i c a l  base. 

3, During t h e  condensed t e s t i n g  phase  on ly  t h e  SXT was ener -  
g i z e d  and main ta ined  a t  one p o s i t i o n  (270°  LLOS and 3 4 O  
SLOS) throughout  t h e  tes t ,  E x e r c i s i n g  of t h e  SXT w a s  n o t  
a t tempted .  Observa t ions  were performed on t h e  basis of 
any d ive rgence  from t h e  b a s e l i n e  c o n d i t i o n s  i n i t i a l l y  i m -  
p a r t e d  t o  t h e  u n i t ,  I t  w a s  observed  t h a t  t h e r e  t. s no 
change i n  t h e  z e r o  p o s i t i o n  of t h e  SCT throughout  t h e  test ,  

4. The Solar S imula to r  spectrum was ana lyzed  by t h e  use  o f  
t h e  MIT Spectrum Analyzer a t  a d i s t a n c e  of 88 i n c h e s ,  and 
t h e  nominal d i s t a n c e  from t h e  s o l a r  s o u r c e  t o  t h e  focal 
p o i n t  on  t h e  O p t i c a l  Uni t  w i t h  a l l  equipment i n  i t s  normal 
p o s i t i o n  as i n d i c a t e d  i n  F i g u r e  5-18. I t  w a s  e s t a b l i s h e d  
t h a t  t h e  spectrum of t h e  Solar S imula to r  conformed w e l l  
( s l i g h t l y  b l u i s h )  t o  t h e  MIT s o l a r  beam spectrum c o n t e n t ,  
i ,e . ,  n e a r  u l t r a v i o l e t  t o  i n f r a r e d .  However, t h e  i n t e n s i t y  
of t h e  beam was found t o  be d e f i c i e n t .  The approximate 
i n t e n s i t y  of  t h e  beam was e q u a l  t o  75% of 1 s o l a r  c o n s t a n t ,  
Th i s  r e s u l t  w a s  s u b s t a n t i a t e d  by t h e  use  of t h e  Wollensak 
Exposure Meter which has been c a l i b r a t e d  by t h e  Kollsrnan's 
Elmhurst  f a c i l i t y  ( t r a c e a b l e  t o  NBS S tandard )  for o t h e r  
tests performed r e c e n t l y  w i t h  t h e  S o l a r  S imula tor .  The 
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r e a d i n g s  i n d i c a t e d  1 1 / 1 4  o r  78% o f  t h e  r e q u i r e d  1 s o l a r  
c o n s t a n t .  I n v e s t i g a t i o n  of  t h e  f i n d i n g s  uncovered a  d i s -  
crepancy i n  t h e  o r i g i n a l  Kollsman S o l a r  S imula tor  c a l i -  
b r a t i o n  tests. I t  was d i scovered  t h a t  t h e  o r i g i n a l  tests 
had been performed u s i n g  a  d i s t a n c e  of  72 i n c h e s  between 
t h e  solar s o u r c e  and t h e  Wollensak Exposure Meter i n s t e a d  
of t h e  r e q u i r e d  88  i n c h e s ,  Apparent ly  t h e r e  was a m i s -  
i n t e r p r e t a t i o n  o f  t h e  test requi rements  a t  t h e  t i m e ,  
F o r t u n a t e l y ,  t h e r e  was no l o s s  o f  e f f o r t  due to  t h i s  
d ive rgence  from t h e  o r i g i n a l  n q u i r e m e n t s  s i n c e  t h e  tes t  
r e s u l t s  were e x t r a p o l a t e d  t o  t h e  1 0 0 %  i n t e n s i t y  v a l u e  o f  
the s o l a r  beam i n  t h e  ensuing  the rmal  a n a l y z e r ,  

On complet ing t h e  accelerated tes t  run ,  samples of  t h e  
e t h y l e n e  g l y c o l  were o b t a i n e d  and forwaraed t o  MIT f o r  
chemical  a n a l y s i s .  F l u i d  samples w e r e  as follows: 

Sample #1 - From t h e  exchanger l i n e  system, 
Sample 1 2  - From t h e  h e a t  exchange accumulator  sump. 
Sample # 3  - From t h e  o r i g i n a l  55 - g a l l o n  s h i p p i n g  drum. 

D.C. MILLIVOLTS 

SOLAR BEAM 

SPECTRUM 
ANALYZER 

( I4a AMPS 
82 VOLTS ) FLEXl6LE 

DUCTINO 

Figure 5-18. S o l a r  Beam Analyzer T e s t  
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One complete  c y c l e  o f  t h e  e x t e n d e d  t h e r m a l  vacuum tes t  was 
per formed  (see F i g u r e  5-19).  The t o t a l  m i s s i o n  t i m e  accumulated  
w a s  230 hours  w i t h  no i n t e r r u p t i o n  o f  o p e r a t i o n  due  t o  O p t i c a l  U n i t  
m a l f u n c t i o n ,  The o p t i c a l  tes t  l a y o u t  i s  i n d i c a t e d  i n  F i g u r e  5-17, 
(Note t h e  a d d i t i o n  o f  t h e  T5 t h e o d o l i t e  f o r  a d d i t i o n a l  m o n i t o r i n g  
f u n c t i o n . )  The t e s t  data was reduced and a n a l y z e d  by MIT and K I  
p e r s o n n e l  j o i n t l y ,  

K I  e n g i n e e r i n q  p e r s o n n e l  have s u c c e s s f u l l y  a d j u s t e d  t h e  l e n s  
sys tem o f  t h e  S o l a r  S i m u l a t o r  t o  o b t a i n  a n  i n t e n s i t y  o f  one  solar 
c o n s t a n t  , 

Photographs  o f  t h e  o p t i c a l  u n i t  and e n v i r o n m e n t a l  area t a k e n  
b e f o r e  t e s t i n g  are shown i n  F i g u r e s  5-20 and 5-21. A d d i t i o n a l  
pho tographs  are a v a i l a b l e  showing t h e  f o l l o w i n g  views: 

1, Close view o f  SXT Head Showing Thermocouples - Cover 
Removed, ( F i g u r e  3-5, Page 37, Monthly P r o g r e s s  Repor t  
N o ,  1 6 ,  31 May 1964.) 

2 ,  Close view o f  SCT Head Showing Thermocouples - Cover 
Removed. ( F i g u r e  3-6, Page 38, Monthly P r o g r e s s  Repor t  
No. 16, 31 May 1964 .  ) 

3,  AGE I O p t i c a l  Un i t  Mounted t o  Chamber, C/M S i d e  
( F i g u r e  3-7, Page 39, Monthly P r o g r e s s  Repor t  N o ,  16 ,  
31 May 1964.)  

4  , Close view o f  AGE I mounted t o  chamber w a l l  C/M side. 
( F i g u r e  3-8, Page 40 ,  Monthly P r o g r e s s  Repor t  No. 16 ,  
31 May 1964 , )  

5 ,  AGE I o O p t i c a l  Un i t ;  mounted to  chamber - Space side 
( F i g u r e  3-9, Page 4 1 ,  Monthly P r o g r e s s  Repor t  N o .  1 6 ,  
3 i  May 1964.) 

5.3.15 TD K-104 F a i l u r e  E f f e c t s  A n a l y s i s  

a. - D e s c r i p t i o n  o f  E f f o r t  

T h i s  T D  a u t h o r i z e d  s u p p o r t  and r e s i s t a n c e  t o  MIT/IL f o r  f a i l u r e  ii 
e f fec t  a n a l y s i s  o f  Command Module Guidance and Nav iga t ion  Equipment. 





Figure 5-20.  Test Layout Showing Positioning of Three Piers Used 
During Optical Metrology of AGE 1 Testing 



Figure 5-21. Rear of Space Chamber Showing Optical Instrumentation T2 (SXT) 
and T3 (SCT) In Alignment Position At Start of Evaluation Test. The Solar 
Simulator is to the Left of the Optical Pier 
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b . Accomplishments 

Kollsman p a r t i c i p a t e d  i n  F a i l u r e  E f f e c t  Coord ina t ing  Conference 
w i t h  MIT/IL, ACSP, and Raytheon wi th  t h e  fo l lowing  r e s u l t s :  

L i a i s o n  w a s  e s t a b l i s h e d  between a l l  c o n t r i b u t o r s  t o  t h e    pol lo 
G 6; N f a i l u r e  e f f e c t s  e n . a l y s i s .  

The u s e  o f  NASA approved format  f o r  t h e  r e c o r d i n g  of  FEA d a t a  
w a s  agreed  upon. 

The need o f  a miss ion  p r o f i l e  f o r  each  f l i g h t  w a s  stressed 
i n  order t o  d e l i n e a t e  an  z.dequate f a i l u r e  e f f e c t  a n a l y s i s .  

S y n t h e s i s  o f  an e lectr ical  fami ly  tree f o r  t h e  B l o c k  I1 O p t i c a l  
U n i t  was i n i t i a t e d .  

Layout and a n a l y s i s  of i n t e r f a c e  between K I  equipment and ACSP 
sys t em was i n v e s t i g a t e d .  

C l a s s i f i c a t i o n  of f a i l u r e  modes i n h e r e n t  t o  t h e  OSS and o f  
f a i l u r e  modes p e r t i n e n t  t o  i n t e r f a c e  problems,  were e s t a b l i s h e d  

5.3. 1 6  T D  K-127 Block I1 R e l i a b i l i t y  Program P lan  

a. - Dtbscript ion o f  E f f o r t  

This  TD a u t h o r i z e d  a r e v i s i o n  of t h e  Apol lo  G & N R e l i a b i l i t y  
Program P l a n  p e r  t h e  comments r e c e i v e d  from MSC R e l i a b i l i t y  and 
Q u a l i t y  Assurance D i v i s i o n ,  Houston. 

b. Accomplishments 

The r e v i s e d  program p l a n  w a s  completed. 

5.3.17 TD K-80 P a r t s  Q u a l i f i c a t i o n  Program 

5.3.17.1 R e l i a b i l i t y  T e s t  and Eva lua t ion  

D e s c r i p t i o n  of E f f o r t  

(1) Prepa red  d e r a i l e d  tes t  p l a n s  p e r t a i n i n g  t o  r e l i a b i l i t y  
tests and e v a l u a t i o n s .  

( 2 )  Submit ted completed test p l a n s  t o  MIT/IL for  review and 
approva l .  
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( 3 )  Planned and d e s i g n e d  tes t  equipment ,  t e s t  f i x t u r e s  and 
associated equipment n e c e s s a r y  for r e l i a b i l i t y  e v a l g a t i o n  and t e s t  
of o p t i c a l  s u b a s s e m b l i e s  and p a r t s ;  also for s i d s e q u e n t  q u a l i f i c a t i o n  
tes t  o f  t h e  complete O p t i c a l  System. 

b e  Accomplishments 

The manufac ture  f o r  r e l i a b i l i t y  q u a l i f i c a t i o n ,  o f  the MDV 
f u n c t i o n a l  tests and cables f o r  space chamber usage were completed. 
The test p r o c e d u r e s  for  q u a l i f i c a t i o n  t e s t i n g  of t h e  f o l l o w i n g  
p a r t s  were oompleted: 

a) Reso lve r ,  s i z e  8 (1010341) 

b) R e s o l v e r ,  1x64 (1C11294) 

d) Motor, s i z e  8 (1011379) 

e)  R e s o l v e r ,  s i z e  5 (1011371) 

f )  F l e x p r i n t  (1011907) 

g) P r o j e c t i o n  Lens (1011374) 

h )  Overrunning C l u t c h  (1011373) 

i) Slip C l u t c h  (1011369) 

j) D i f f e r e n t i a l  (1011281) 

k) Counter  Angle (1011744) 

1) Connec tors  (1011499),  (1011501),  (1011748-l) , 
(1011748-2),  (1011747) 

m) Cartr idge Assembly (1011420) 

TD K-80 was zr-.<,nded t o  include the q u a l i f i c a t i o n  of r e s o l v e r s ,  
size 8, by Kollsman. The m o d i f i c a t i o n  of a l l  test f i x t u r e s  de- 
s i g n e d  for motor -genera tor  (1010610)  were modified so t h a t  t hey  can 
be u t i l i z e d  for  r e s o l v e r ,  size 8 (1010451).  

P r e l i m i n a r y  s c h e d u l i n g  for  t h e  p r e p a r a t i o n  of t e s t  p r o c e d u r e s  
for t h e  env i ronmen ta l  t e s t i n g  of s u b a s s e m b l i e s  w a s  accomplished.  
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c. Problem Axeas 

TD K-80, as  approved, made no a l lowance f o r  t h e  f a c i l i . t i e s  
r e q u e s t e d  by Kollsman. The equipment needed was two (3x3' ' hermal- 
vacuum chambers and t h r e e  (2x2) thermal  vacuum chambers a l m g  w i t 1 1  
s u p p o r t f  ng i n s t r u m e n t a t i c n .  

O f f i c i a l  r e l e a s e  of  p r o j e c t i o n  lamp (1011413) by MIrr/IL w a s  
r e q u e s t e d  so t h a t  a p l a n  could  be g e n e r a t e d  by Kollsman, A f t e r  
a p p r o v a l  of  p l a n ,  Kollsman procured p a r t s  and wrote a d e t a i l e d  tes t  
p rocedure ,  

A d d i t i o n a l  a s s i g n n e n t  t o  Kollsman o f  p a r t s ,  f o r  q u a l i f i c a t i o n  
by MIT/IL r e q u i r e d  a d d i t i o n a l  funding.  Some of t h e  par ts  i n  
q u e s t i o n  were I n d i c a t o r  (1011375) Resistor (1011498) , and Micro- 
s w i t c h  (1011368). 

5.3.17.2 Design Evalua t ion  and Q u a l i f i c a t i o n  T e s t  Program 

a. D e s c r i p t i o n  o f  E f f o r t  

Design e v a l u a t i o n  and q u a l i f i c a t i o n  t e s t i n g  o f  t h e  Apollo 
optics, major subsystem e lements ,  par ts  and m a t e r i a l s  d e f i n e d  as a 
Kollsman r e s p o n s i b i l i t y  a s  se t  f o r t h  i n  R-389A. 

T h i s  TD a u t h o r i z e d  t h e  procurement and t h e  f a b r i c a t i o n  o f  test  
articles,  test equipment,  and test; f i x t u r e s  p u r s u a n t  t o  MITBs  
review and approva l  o f  t h e  test  p l a n s ,  p r c c e d u r e s ,  t es t  equipment 
and tes t  f i x t u r e  des ign .  

A s s i s t a n c e  i n  t h e  c o o r d i n a t i o n  o f  t h e  Guidance and Navigat ion 
System test program and p a r t i c i p a t e  i n  t h e  T e s t  Review Board. 

b. Accomplishments 

(1) The i n s t a l l a t i o n  and accep tance  of t h e  thermal-vacuum 
chamher was completed, 

( 2 )  The f a b r i c a t i o n  o f  envi ronmenta l  t e s t  calbes (vacuum, 
humid i ty ,  etc)  w a s  completed. 

( 3 )  Environmental  breadboards  f o r  t h e  q u a l i f i c a t i o n  t e s t i n g  
of r e s o l v e r s  w e r e  completed, 

( 4 )  T e s t  f i x t u r e s  were released f o r  manufacture as soon as 
the  d e s i g n s  were completed, See Table 5-3 f o r  s t a t u s  of environ-  
menta l  f i x t u r e s .  
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TABLE 5-3 

RELIAB1LITY TEST FIXTURE STATUS 
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TABLE 5 -3  (Cont.) 

RELIABILITY TEST FIXTURL STATUS 
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TABLE 5- 3 (Cont . ) 
RELIABILITY TEST FIXTURE STATUS 

Fixture 
_Number 

10-23330-01 16 

01 18 

0124 

01 14 

0191 

0134 

0206 

02 10 

0183 

0204 

0205 

0203 

020 1 

I 0202 

? 

Deecription 

Humid i t r  Fixed 
Mir ro r  & Beam 
Splitter 

Vibration-SXT- 
Telescope Assembly 

Temperature & Thermal 
Vacuum-Obj. & Inter- 
Lens 

Humidity-Obj. & Inter- 
Lens Assy. 

SXT Head Adapter f o r  
Ultradex Table 

Resolver Holding 
Fixture 

Optical Pier 

Optical Pier fo r  
General Uae 

Adapter - Torque 
Wrench fo r  Trunnion 
Axis h e y .  

Vibration- Connectors 
Size 5 

Life Cycle-Connectors 

OSS Handling Fixture 

Light Cover - Solar 
Simulator coupling 

Chamber - Optical 
Po r t  Cover 

IN 
Design 
Complete 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X .  

X 

,' 

' 
IN 

Fabrication 
Complete 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X . 
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TABLE 5-3 (Cant. ) 

RELIABILITY TEST FIXTURE STI!,TUS 

Description 

Chamber Optical 
Port  Cover 

Slip Plate -AGE II 

Adapter Plate - Tie 
Down -AGE I1 

Asey Holding n x t u r e  
MDV 

Assy Holding Fixture 
OSS 

Accuracy - Resolver 
Siee 5 

Shock - Differential 

Thermal Vac. - 
W e  r ential 

Humidity - Differential 

Vibration - Slip 
Clutch 

Thermal Vac. 

Humidity- Slip Clutch 

Vibration - Ovcrrun- 
ning Clutch 

Thermal Vac. Over- 
running Clutch 

Vibration - Projection 
Lena 

' h x t u r e  
,Num be r 

10-23330-04 10 

0207 

0199 

04 14 

04 15 

0196 

0140 

0141 

0142 

0182 

0184 

0 185 

0186 

0188 

0143 

IN 
. Design 

Complete 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

J 

, IN 
Fabrication 

I Complete 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE 5-3 (Cont. ) 

RELIABILITY TEST FIXTURE STATUS 
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TABLE 5-3 (Cont.) 

REIJABILITY TEST FIXTURE STATUS 

* 

Fixture 
,Number 

10-23330-0417 

053 1 

0434 

04 16 

0407 

0433 

0452 

0530 

05 32 

0471 

Derc ription 

Vibration -Projection 
L a p  

Vibration - Indicator 
Integrated Readout 

Vibration-Objective 
Lens & Reticle b a y ,  

Vibration- Pec han 
Priom & Relay Lene 

Vibration- MDV 
Electronic Pkg . 
V:: bration- MDV 
Gear Box 

Optical Port-AGE I 

Duai Mirror Mount 

Vibration-Eyepiece 
& Panel Assembly 

Handling Fixture 
Space Chamber 

IN 

0 

Design 
Complete 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

IN 

X 

X 

X 

Fabrication 
Complete 

X 

X 

X 

X 

X 
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( 5 )  Pre l iminary  tests on t h e  s l i p  c l u t c h  (1011369)  were ac- 
complished, 

( 6 )  S t a t u s  of t h e  R e l i a b i l i t y  Parts  Q u a l i f i c a t i o n  Program, a t  
t h e  conc lus ion  o f  t h i s  r e p o r t i n g  pe r iod ,  i s  i n d i c a t e d  i n  Table 5-4,  

( 7 )  Environmental breadboards f o r  r e s o l v e r s  were designed and 
f a b r i c a t e d .  

( 8 )  Flow c h a r t s ,  F igures  5-22 through 5-24 i n d i c a t e  how three 
t y p i c a l  p a r t s  were processed through q u a l i f i c a t i o n  tests ,  These 
c h a r t s  i n d i c a t e  when va r ious  environmental  and test  equipments were 
needed and show t h e  span t i m e  f o r  each i n d i v i d u a l  test ,  Thus, a 
complete c o n t r o l  on t h e  p a r t  from t h e  s t a r t  of t e s t i n g  t o  t h e  com- 
p l e t i o n  o f  t e s t i n g  was maintained.  

( 9 )  The e v a l u a t i o n  c f  t h e  s l i p  c l u t c h  t e s t  procedure was 
completed. 

(10)  Detailed test  procedures  have been completed f o r  f i f t e e n  
(15)  approved p l a n s  and cop i e s  of  t h e s e  test  procedures  were sub- 
mit ted  t o  MIT/IL, 

(11) A l l  test p l a n s  on subassemblies  were completed by K I C  and 
accep ted  by MIT/IL. 

( 1 2 )  Schedules  f o r  subassembly tests, environmental  test  f i x -  
t u r e s ,  and t h e  p r e p a r a t i o n  of  test  procedures  were prepared.  

(13) The t e s t  p l a n  f o r  t h e  1x64 Speed Resolver (1011294)  wan 
r e submi t t ed  by Kollsman and accepted  by MIT/IL. The i n t e n t i o n  was 
t o  q u a l i f y  s i x  ( 6 )  u n i t s ,  

( 1 4 )  Photographs,  showing t y p i c a l  f i x t u r e s  f o r  Parts  Q u a l i f i -  
c a t i o n  Program, were taken ,  

(15)  The fo l lowing photographs d e p i c t  par ts  undergoing q u a l i f i -  
c a t i o n  tests : 

Figure  Number T i t l e  

F r i c t i o n  Torque F i x t u r e  f o r  
Resolver Size 8 (1010341) 

Accuracy Tes t i ng  F i x t u r e  f o r  
Resolvers  1010341 and 1011371 
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RELIABILITY PAXT aUALIFICATION PROGRAM 

ENVIRONMELVTAL TESTS 
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Figure 5-22. Slip Clutch Qualification Tests 
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d '  
Figure 5-25 Friction T o r q u e  rixturc for  Resolver S i z e  R (1010341) 



Figure 5-26 

Accuracy Testing Fixture for Resolver i1410341 and 1011371) 
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Figure Number T i t l e  - 
Functional Fixture  f o r  Project ion 
Lena (1011374) 

Functional Fixture  f o r  d i f f e r e n t i a l  
(1011281) 

(16) The d e t a i l e d  t e a t  procedures f o r  sub-assemblies were 
rev i red  and re-writ ten t o  conform t o  t h e  l a t e s t  agreements between 
Kollrman and MIT/ILo 

(17) There were t h i r t e e n  meetings of t h e  T e s t  Review Board to  
date. The following is  a general  summary: 

(a) F ina l i za t ion  of  the  t o s t  plans f o r  p a r t s  
q u a l i f i c a t i o n  was mdft j o in t l y  by XI and MIL,/fL. 

(b) updating and rev is ing  of  t h e  Qua l i f i c a t i on  Statua 
L i s t  (QSL),  

( c )  3eview and approval of  progress report format, 
tes-epcrt format, and progress u p o r t s  on o v e r a l l  
system qua l i f i c a t i on ,  

(d) Exchanging of information among cont rac tors  and 
discussion of mutual problems, 

c. Problem Areas 

Schedule. showed an extended and drawn ou t  qua l i f i c a t i on  program 
o f  p a r t s  and suba88emblies due t o  t h e  lack of  addi t iona l  thennal 
vacuum chambers. 

The present  form of TD K-80 d id  not  approve t he  required f a c i l -  
i t i e a  t o  support the  test  program. Approval of required facilitier 
had not  been received. Since a 6 - 1 0  week lead t i m e  was required 
for procurement, the re  w a s  a corresponding delay i n  t he  schedules, 

Approval of TD K-80 was received. Although Kollsman had an t ic -  
ipa ted  r ece ip t  of the supplemental test  e f f o r t  by rearranging and 
modifying test  equipment design (TD-K-291, t he r e  was eonre delay i n  
qua l i fy ing  c e r t a i n  p a r t s  and subassemblies. The major por t ion  of 
t h e  delay was due t o  t h e  subassembly program. 

The 'procurement of Class A par t8  w a s  a rhajor hinderance to t h e  
s t a r t  of t h e  q u a l i f i c a t i o n  program, s i nce  p r in t ,  were being updated 
and ex i s t i ng  vendor problems w e r e  being resolved, 
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Figure 5-27 

Functional Fixture for Projection Lens (1011374) 
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The Q u a l i f i c a t i o n  T e s t  P lans  fox. both  p a r t s  an6 subassembl ies  
were r e w r i t t e n  as a r e s u l t  of d i s c u s s i o n s  a t  t h e  monthly test review 
board meet ings ,  

I t  was dec ided  a t  t h e  T e s t  Review Board t h a t  ACED w i l l  q u a l i f y  
t h e  motor-generator  s i z e  11 (1010610) and t h a t  Kollsman w i l l  q u a l i f y  
t h e  r e s o l v e r ,  s i z e  8 (1010341) . 

MIT/IL and Kollsman concurred  on t h e  Koll-sman b a l l  b e a r i n g  tes t  
approach.  Four t y p e s  of  b e a r i n g s  were tested a s  sugges ted  i n  
Kollsman let ters  AR-3-225 and AR-4-235. 

Table 5-5 i n d i c a t e s  t h e  tests t h a t  were t o  be accomplished f o r  
t h e  subassembly test  program. 

MDV - 
A problem developed i n  t h e  d e s i g n  of t h e  over-running c l u t c h  

test f i x t u r e s .  I n  o r d e r  to  g e t  r easonabJe  data, it was necessa ry  
t h a t  t h e  c l u t c h e s  be i n s t a l l e d  i n  t h e  n e x t  h i g h e r  assembly (1011443) 
and t h a t  t h i s  e n t i r e  assembly be q u a l i f i e d .  The tes t  f ix tures t  were 
modified accord ingly .  

The p r o j e c t i o n  lamp (1011413) was released by MIT/IL Kollsman 
ordered p a r t s  and i n i t i a t e d  t e s t  p rocedures ,  so t h a t  q u a l i f i c a t i o n  
tests were started as soon as t h e  pa.r ts  were rece ived ,  

A d d i t i o n a l  funding w a s  needed f o r  changes and retrofits i f  
p a r t s  r e q u i r e d  changes i n  f i x t u r e  des igns .  Thes2 p a r t s  were pur-  
chased  and/or modif ied t o  t h e  1at.est r e v i s i o n  change for q u a l i f i c a -  
t i o n  purposes ,  

O l d  - New - 
0verr:mning c l u t c h  1011373 1012143 

S l i p  C lu tch  1011369 1012144  

Cartridge Assembly 1011420  

Magazi. he Assembly 



TABLE 5-5 

RELIABLIT Y SUBASSEMBLY 
QUALEICATION PROGRAM ENVIRONMENTAL TESTS 

Sub -Assembly 

Fixed Mirror & 
Beam Splitter V 

SXT Head Assy VI 

SXT Telescope 
Assembly V 

Shaft Ajrie & (SXT) 
Optical Base VLI 

Double Dove 
Assembly VI 

Trunnion Axis 
With Fixed Worm 
VI 

Cbjective Lens b 
Reticle Assembly 
WithLamps V 



TABLE 5-5  (Conto) 

do" Sub -Assembly 

Pechan Prism & 1 
Relay t e n s  Assy V 

SCT Shaft Axis &. 1 
Oplical Base VLII 

SCT/SXT Eyepiece 1 
& Panel Assembly V 

SXT Index Head 
Assembly VI 

SXT Shaft Axis  
~ s s e m b i ~  VII 

SCT Trunnion Axis  1 
& Shaft Assembly 
vm 

MDV Electronic 
Package IX 

MDV Gear Box 
Assembly M 

* Hi & Lo Temp. 
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Q u a l i f i c a t i o n  tests on  t h e  f o l l o w i n g  u n i t s  were s t o p p e d  for 
t h e  r e a s o n s  noted:  

1, 1010341 - R e s o l v e r ,  s i z e  8 - High n u l l s  a n d  h i g h  
a c c u r a c y .  

2 ,  1011744 - Angle C o u n t e r  - b e a r i n g  c h a n g e ,  

3, 1011369 - S l i p  C l u t c h  - r e t r o f i t  1012144,  

4 ,  1011373 - Over runn ing  C l u t c h  - r e t r o f i t  1012143, 

5 . 1011420 - C a r t r i d g e  Assembly - new d e s i g n  - Rec, C,  

6 ,  1011274 - Pechan P r i s m  and  Relay  Lens  Assembly - 
q u e s t i . ~ n a b l e  h u m i d i t y  tests pre fo rmed .  

7, 1011796 - O b j e c t i v e  a n d  i n t e r m e d i a t e  l e n s  a s sembly  - 
too s e v e r e  t h e r m a l  shock  tes t  p e r f o r m e d ,  

TDK-12L LEM _.__I_-- I l e l i a b i l i t y  A n a l y s i s  

a. D e s c r i p t i o n  o f  E f f o r t  

T h i s  t e c h n i c a l  d i r e c t i v e  a u t h o r i z e d  a s s i s t a n c e  t o  MIT/IL i n  
t h e  a s s e s s m e n t  and a n a l y s i s  of the LEM e q u i p m e n t  t o  be f a b r i c a t e d  
by t h e  c o n t r a c t o r .  

b, Accomplishments  

The drawing a n d  da t a  search o n  LEM AOT Assembly, NASA Drawing 
NO. 6011800 w a s  c o n t i n u e d .  F o r  t h i s  r e p o r t i n g  p e r i o d  o n l y  p r e -  
l i m i n a r y  d r a w i n g s  w e r e  made a v a i l a b l e  for  r e v i e w .  

The q e n e r a t i o n  of a LE?I R e l i a b i l i t y  f a m i l y  t ree ,  R e l i a b i l i t y  
  lock Diagram and m a t h e m a t i c a l  model w a s  s t a r t ed  upon f i n a l  release 
o f  d r a w i n g s .  



KOLLSMAN INSTRUMENT CORPORATION 

c. Problem Arcas 

Delay in the releass of final drawincjs was holding up comple- 
tion of this task. Closer liaison was established arrd maintained 
between the design qroups and Reliability in order to successfully 
conclude the effort. 

5.3.19 Reliability Report Analyses (ARR-1 through ARR-6) 

a. Circuit Analysis for Component Evaluation of Assembly - 
high Voltaqe Power supply (Hfi-~r~tar Tracker 
PIN 20m032 

Reliability F:eport ARR-1 compiled the results of component 
reliability analysis calculated under DC conditions and applicable 
to the capacitors, resistors, general purpose diodes and zener 
diodes used ir-I the Star Tracker High Voitaqe Power Supply, P / N  
2007032, manufactured by Kollsman. The analysis was performed to 
determine component reliability data under "worst case" conditions 
of power, voltage, current and miscellaneous voltages. The evi- 
dence indicated that the circuit had to be redesigned to equalize 
the stress of components. 

Evaluation of NASA P/h 1012142, ... Encapsulation in Stycast 
'R 

Reliability Report AHR-2 evaluated the ability of NASA P/N 
1012142 to perform when encapsulated in its intended application. 
The results indicated a sufficiently high degree of confidence in 
the capacitor end use for which the tested samples were represen- 
tative. 

C. DC Circuit Analysis for Component Evaluation of Assembly. 
Photometer IIead, P/N 2007025 - 

Reliability Report ARII-3 compiled the results of component 
reliability analysis, calculated under DC conditions and was appli- 
cable to capacitors, resistors, general purpose diodes and zener 
diodes and the photomultiplier tube used in Bhotamerer Mead, P/N 
2007025, manufactured by Kollsman. The analysis was performed to 
determine component reliabrlity data under "worst caseflconditions 
of power, voltage, current and miscellaneous ~ a t i n g ~ .  The results 
of the analysis showed that chc resistors, capacitors, dioces and 
transistors were properly dcrated,  although R19 appeared to be 
close to desicjn limitations. The photomultiplier tuba appeared to 
be operating in afi unstable mode under "worst case" conditions. 
The bias in-3  on che Q3 s a g e  appeared to be at a relatively low 
level ant i  ccuPd cause clipping for AC signals. 



KOLLSMAN INSTRUMENT CORPORATION 

61. R e l i a b i l i t y  E s t i m a t e  f o r  Head Clec t ron ics  Assembly 
(Photometer) P/N 2007025 

R e l i a b i l i t y  Report ARR-4 i nves t iga t ed  r e l a t i v e  neantime-be- 
tween-failure (MTBF) of t h e  Head E lec t ron ic s  Asrembly. Tho com- 
ponent. MTDF wag t y p i c a l  and no t  a t i m e  i n d i c a t i o n  f o r  t h e  p u r c h a ~ e d  
e l e c t r o n i c  p a r t s  uoed i n  t h e  assembly. The f a i l u r e  rates used were 
der ived  from IIL-IIDBK-217. The r e p o r t  did accura te ly  i n d i c a t e  t h e  
stress rat io.  and was a good meaeure o f  t h e  r e l a t i v e  r e l i a b i l i t y  of 
parts and modules. The components which should be s t r e s s - r e l i e v e d  
become. immediately obvious. The r e s u l t s  of  t h e  i n v e s t i g a t i o n  
ahowed t h a t  t h e  r e l i a b i l i t y  of  t h e  Iioad E lec t ron ic s  Assembly could 
be improved by achieving a better balance o f  component stress 
r a t i o s .  Lowering t h e  numerical value8 of  some components, p a r t i c -  
u l a r l y  resistors, would lower the f a i l u r e  rates a8ed i n  computing 
t h e  r e l i a b i l i t y  of t h e  assembly. 

e. Evaluation of NASA P/N 1006271, Marking Ink .. Y) 

R e l i a b i l i t y  Report ARR-7 dalcribed t h e  i n v e s t i g a t i o n  of epoxy 
inks  used by Kollsman fcr i d e n t i f y i n g  Apollo p a r t s  and assemblies; 
t h e  i n k  hardened too rnp ld ip  f o r  hand stamp ,operation. I n  add i t ion  
the t r a n s f e r  from stamp ti% :$kut was o f t e n  incompbete. The vendor, 
Wonow Process P a i n t  Co. n3*jiaed t h a t  t h e  a e r i e s  #SO ink was fomu-  
lated s p e c i f i c a l l y  f o r  sir;: ecreen p r i n t i n g ,  brush on spray opera- '4 
t i o n s ,  and t h e  high percentage of  solids and t h e  use of  BIS-B- 
Ethoxyethylether  combine to  form an ink  unacceptable for hand stamp 
use. The vendor recommended series M spray i n k s  f o r  hand stamping, 
which is usable  f o r  s i x  hours or longer.  Amine c a t a l y s t s  are ava i l -  
able f o r  surface8 which are h e a t  treated and those  which are not 
hea t  treated. It was recommended t h a t  a new SCD be aseigned t o  
these  inks .  

f. ~ e l i a b i l i t y  Estimate f o r  High Voltage Power Supply (HVPS) 
star Tracker PIN 2007632 

R e l i a b i l i t y  Report ARR-5 i n v e s t i g a t e d  r e l a t i v e  meantime-be- 
tween-fai lure (MTBF) of t he  Power Supply Assenrbly. The component 
MTBF is t y p i c a l  and n o t  a t r u e  i n d i c a t i o n  for purchased e l e c t r o n i c  
parts used i n  tho  assembly. The f a i l u r e  rates u s e d w e r e  derived 
from MIL-HDBK-217. The s e p o r t  d id  accu ra t e ly  i n d i c a t e  s t r e s a  
r a t i o s  and wale a good measure of t h e  r e l a t i v e  r e l i a b i l i t y  of  parts 
and modules, Components which should be s t r e s s - r e l i e v e d  became 
immediately vobvious. The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  showed t h a t  
the r e l i a b i l i t y  of  t h e  assembly could be improved by achieving a 
better balance of component stress ratios. Lowering t h e  numerical 
va lues  of some components, paxt ict i larky resistors, could lower 
failure r a t e s  used i n  computing the r e l i a b i l i t y  of  the assembly. 

airy' 
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g. circu; t Analysis for Component 1~:valuation of Assembl 
Iriqh ~oltase-~%wer S ~ P P ~ V  ( I I V P S ) ,  Photometer, P/N 200 -+ 031 

Reliability Report AKR-6 compiled the results of component 
reliability analysis calculated under DC conditions and applicable 
to capacitors, resistors, general purpose diodes. Zener diodes and 
transistors used in the Photometer High Voltage Power Supply, P/N 
2007031, manufactured by Kollsman. The analysis was performed to 
determine component rating data under "worst case" conditions of 
power, voltage, and current. The results of the investigation 
showed that no parts appeared to be overstressed under extreme 
cundi t i o n s  . 
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5.4 SUMMARY O F  YEAR EiS3ING 3 1  DECEMBER 1465 

5.4 .1  I n t r o d u c t i o n  

R e l i a b i l i t y  o p e r a t i o n s  f o r  1965 are d e s c r i b e d  i n  t h e  fo l lowing  
paragraphs .  The main part of R e l i a b i l i t y  e f f o r t  d u r i n g  t h e  p e r i o d  
was s p a n t  on v a r i o u s  i n v e s t i g a t i o n s ,  i u i t i a t e d  when tes t  f a i l u r e s  
o c c u r r e d  or when a  p o t e n t i a l  f a i l u r e  c o n d i t i o n  was noted ,  S h i f t  
i n  emphasis of  t h e  r e l i a b i l i t y  e f f o r t  w a s  d i c t a t e d  by t h e  i n c r e a s e d  
manufactur ing a c t i v i t y .  Q u a l i f i c a t i o n  program con t inued  w i t h  a 
t a r g e t  complet ion d a t e  of October 1966. R e l i a b i l i t y  a l s o  a s s i s t e d  
vendors  i n  meeting s p e c i f i c a t i o n s  f o r  t h e  p a r t s  t h e y  s u p p l i e d ;  t h e s e  
d i s c u s s i o n s  are a l s o  inc luded .  F a i l u r e  Ana lys i s  Report  and Relia- 
b i l i t y  Repor t s  i s s u e d  a r e  summarized. 

5.4.2 R e l i a b i l i t y  A c t i v i t i e s  

I X / 6 4 X  RESOLVER, P/N 1 0 1 1 2 9 4  

Meetings were h e l d  w i t h  Bendix t o  r e s o l v e  t h e  problem of  
cracked impregnat ion (Randac) on t h e  64X r o t o r  of t h e  r e s o l v e r .  
Acceptab le  i n s p e c t i o n  c r i t e r i a  could n o t  be  p r o p e r l y  de f ined  . A t  
Kollsman's  r e q u e s t ,  Bendix s u b j e c t e d  s i x  r o t o r s  with cracked  i m -  
p r s g n a t i o n  t o  a two-day humidity c y c l e ,  a f t e r  which h i -po t  and 
megger tests w e r e  conducted.  3ne  r o t o r  f a i l e d ,  i n d i c a t i n g  t h a t  
t h i s  test  was c a p a b l e  of  c u l l i n g  o u t  weak o r  d e f e c t i v e  u n i t s ,  and 
e s t a b l i s h i n g  a b a s i s  f o r  e v a l u a t i n g  c racked  impregnat ion.  
Kollsman proposed adding a two-day humidi ty  test  t o  t h e  SCD. 

MDTOR GENERATOR, P / N  1 0  1 2 1  56 

S e v e r a l  f a i l u r e s  of  Motor Genera tors  under  burn- in  were re- 
por t ed  by t h e  vendor ,  So lve re .  Due t o  t h e  g r a v i t y  o f  the problem 
an9 t h e  i n p a c t  o n  s c h e d u l e  commitments, Kallsman sen: a team o f  
s p e c i a l i s t s  to t h e  v e n d o r ' s  f a c i l i t y  t o  i n v e s t i g a t e  t h e  failures. 
The f a i l u r e s  w e r e  a t t r i b u t e d  t o  t h e  b e a r i n g s .  The b e a r i n g s  were 
ana lyzed  and it was determined t h a t  t h e  l u b r i c a n t  was t h e  cause  o f  
t h e  f a i l u r e .  The l u b r i c a t i o n  (ND 10020771 was c o n s i d e r e d  inadequa te  
by Kollsman because  the t h i n  f i l m  of l u b r i c a t e  was i n c a p a b l e  o f  
d i s s i p a t i n g  t h e  h e a t  generated by t h e  s m a l l  b e a r i n g s  used i n  t h e  

. dev ice .  A f t e r  c o n s u l t a t i o n ,  MXT/IL r e v i s e d  t h e  SCD t o  reduce burn- 
i n  r equ i remen t s ,  ove r  Kollsman ' s o b j e c t i o n s  . Kollsman countered 
with a recommendation t h a t  t h e  q u a n t i t y  o f  l u b r i c a n t  i n  t h e  bear-  
ir,gs shou ld  be i n c r e a s e d ,  which MIT/YL r e j e c t e d .  Various o t h e r  
recommendations inc luded  reduct i o n  o f  t h e  c e n t r i f u g e  requirement  
from 400 g ' s  to  1 0  g's, removing t h e  shelf-life requi rement  and 
deve lop ing  a new b u r n - ~ n  procedure. 

LUBRICANTS, P/N i012450, 1012051 

General  Electr ic (Waterford,  N. Y .) r e f u s e d  t o  n e g o t ' a t e  wi th  
Kollsman on  t h e  l u b r i c a n t  they were p r o v i d i n g .  These l u b r i c a n t s  
are t h e  basic i n g r e d i e n t s  o f  ND 1002077, a g e n e r a l  s p e c i f i c a t i o n  
to t h e  Apollo Program for the l u b r i c a t i o n  of r o t a t i n q  components 
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and b e a r i n g s .  The problem became a p p a r e n t  w i t h  t h e  i n v e s t i g a t i o n  
of motor  g e n e r a t o r  f a i l u r e s .  A s  Gene ra l  Elect r ic  was u n c o o p e r a t i v e ,  
MIT/IL t e n t a t i v e l y  a g r e e d  t o  "change t h e  s o u r c e  c o n t r o l  drawings to  
i n f o r m a t i o n  f u r n i s h e d  by t h e  vendors  " . 

FLEXPRINTS , P/N 1012519, 1012520, 1012521 

Kollsman agai -2 reviewed t h e  f a c i l i t y  o f  Sande r s  A s s o c i a t e  
t o  r e c h e c k  Q u a l i t y  C o n t r o l ,  Samples o f  f l e x p r i n t s  were i n s p e c t e d  
and found t o  be of poor  q u a l i t y .  The vendor  was c o o p e r a t i v e  and 
claimed p r o g r e s s  i n  upqrading workmanship s t a n d a r d s  and process 
c o n t r o l s .  A s  a p o t e n t i a l  impact o n  s c h e d u l e  commitments e x i s t e d ,  
Kollsman r e q u e s t e d  MIT/IL t o  add F l e x i b l e  C i r c u i t s  as an  a d d i t i o n a l  
vendor .  

EXUDATE AND HAZE INVESTICATION 

An i n v e s t i g a t i o n  w a s  i n i t i a t e d  t o  u i s c o v e r  t h e  c a u s e  of t h e  
appea rance  of e x u d a t e  a long  t h e  s e a l  area of the OUA and f o r m a t i o n  
of haze on the SXT o p t i c s  and t o  f i n d  a s o l u t i o n  t o  t h e s e  problems. 
Kollsman and  ACSP p a r t i c i p a t e d  i n  t h e  i r i v e s t i g a t i o n .  A t e s t  p l a n  
was devised and pe r fo rmed ,  b u t  t ' .e  r e s u l t s  w e r e  i n c o n c l u s i v e .  I t  
was decided t o  mon i to r  t h e  SXT optics for h a z e  when exposed t o  
t h e r m a l  vacuum d u r i n g  f i n a l  a c c e p t a n c e  tests. To s o l v e  t h e  e x u d a t e  
p rob lem,  it was proposed  t h a t  t h e  o t i c a l  base g a s k e t  and p a n e l  
c o v e r s  s h o u l d  be baked a t  375O , 10-7  mm/Hg f o r  40  h o u r s .  To s o l v e  
t h e  h a z e  problem, f i r s t  a s h i e l d  was proposed t o  p r o t e c t  t h e  o p t i c s  
and t h e  window from condensa te .  When t h e  material l e f t  by t h e  h a z e  
was i d e n t i f i e d  as t a l c  (which is used as a mould release when 
m a n u f a c t u r i n g  the "0" r i n g ) ,  it was f i n a l l y  proposed t o  perform a 
vacuum bake-out  o n  "0" r i n g  P/N 20123661. 

PHOTOTUBE, P/N 1012043 

I n s p e c t i o n  of t h e  RCA pho t o t u b e  r e v e a l e d  s e v e r a l  problems. 
Lead ends were t i n n e d  t o  i n c r e a s e  t h e i r  diameter so t h a t  electrical  
c o n t a c t  c o u l d  oe made i n  the t es t  f i x t u r e  s o c k e t .  The l e a d s  were 
b e n t  , n i c k e d ,  gouged an6 were p o o r l y  plated. Holes, machined i n  
t h e  p h e n o l i c  base wera i i ~ a d e q u a t e l y  d e b u r r e d ,  a c o n d i t i o n  which 
might c a u s e  damage t o  t h e  lead material ,  e s p e c i a l l y  t h e  g o l d  p la t -  
ing .  RCA added a p r o t e c t i v e  tube cove r  over t h e  leads t o  p r e v e n t  
damage d u r i n g  h a n d l i n g  and s h i p p i n g ,  and a s o c k e t  adapter t o  pro- 
t ec t  the leads from bending, and i n s t i t u t e d  better h a n d l i n g  
p r o c e d u r e s .  I n  additio;?, RCA e l i m i n a t e d  t h e  t i n n i n g  of l e a d s  and 
deburred t h e  h o l e s  i n  GLL;e phenolic base .  

BERYLLIUM SEXTANT I N D F X  MIR?OR, P/N 2011259 

It was d i s c o v e r e d  that t h e  mirror was warped up t o  s e v e r a i  
wave leng ths  of l i g h t  (1 /8  wavelength  i s  specified) . T h i s  was 
caused, it was found ,  i n  t h e  p r o c e s s i n g  of t h e  mirror d u r i n g  c o a t -  
i n g ,  which r e q u i r e d  elevated t e m p e r a t u r e s .  Stress relief of t h e  
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m i r r o r  a t  lower t empera tu res  proved t o  be i n s u f f i c i e n t .  The s o l u -  
t i o n  t o  t h e  problem was two. hea t '  t r e a t i n g  c y c l e s  a t '  e l e v a t e d  
tempera tures .  Relapping t o  r e q u i r e d  f l a t n e s s  between c y c l e s  and 
a f t e r  t h e  second cycle w a s  proposed.  Complete s t a b i l i t y  was 
ach ieved  d u r i n g  m i r r o r  c o a t i n g .  

OPTICAL BASE, P/N 2011889 

Pre-machined be ry l l ium blocks  were found t o  b e  p i t t e d  and 
marred when removed from s t o r a s e .  The c o n d i t i o n ,  it was found,  
was due t o  improper packing and s h i p p i n g  procedures .  Improved 
p rocedures  were recommended t o  t h e  vendor.  

BALL BEARING CONTAMINATION BY LOCTITE ON EASTMAN 910 ADHESIVES 

A New Hampshire B a l l  Bearing r e p o r t  i n d i c a t e d  t h a t  contamina- 
t i o n  might  occur  o n  bea r ing  s u r f a c e s  by v a p o r i z a t i o n  and condensa t ion  
o f  uncured L o c t i t e  o r  Eastman 910 adhes ives .  I n v e s t i g a t i o n  of  
S o l v e r e  Motor Genera to r ,  P/N 1012156 determined t h a t  u s e  of  t h e s e  
a d h e s i v e s  d i d  n o t  a f f e c t  t h e s e  motor g e n e r a t o r s  

OPTICAL BASE BALL MOUNT, P/N 2011569 

S u r f a c e  c r a c k s  on  ba l l  mounts were d i s c o v e r e d  d u r i n g  t h e  
s u r f a c e  g r i n d i n g  procedure .  The defectj ve par t s  were scrapped  
and g r i n d i n g  p rocedures  and i n s p e c t i o n  procedures  were t i g h t e n e d .  

POTTING OF ELECTRICAL MODULES 

An e v a l u a t i o n  of  in-house p o t k i n g  prc*cedures was made as a 
p a r t  of  a c o n t i n u i n g  e f fo r t  co op t imize  p r o c e d u r a l  t e c h n i q u e s .  
Procedures  were prepared f o r  an  over f low r e s e r v o i r  t o  e n s u r e  a 
100  p e r c e n t  absence of v o i d s .  For t h e  high v o l t a g e  power supp ly ,  
it was recommended t h a t  a h o l e  should  be d r i l l e d  i n  t h e  w i r i n g  
board so t h a t  t h e  void w i t h i n  t h e  t o r o i d  could be f i l l e d  w i t h  
p o t t i n g  m a t e r i a l .  

PYROFILM RESISTOR, P / N  1 0 1 0 7 6 8  

I t  w a s  found t h a t  an o x i d e  f i l m  was p r e s e n t  on  leads o f  
r e s i s t o r s  r e c e i v e d  from Pyrof i l m .  Ox ida t ion  occured , it w a s  found,  
du r ing  t he  s t a b i l i z a t i o n / l e a k  test  p r o c e s s .  The vendor agreed 
t h a t  t h e s e  p rocedures  would be s e p a r a t e d  i n t o  t w o  steps: stabiliza- 
t i o n  a t  480°C for  1 8  h o u r s ,  w i t h  components i n  a sealed, evacxated  
glass tube, and Peak t e s t i n g  a t  200°C (a t empera tu re  t o o  low for 
o x i d a t i o n )  . 
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5 . 4 . 3  Component Data 

The o v e r a l l  e f f e c t i v e n e s s  o f  vendor  compl iance  w i t h  s p e c i f i c a -  
t i o n  r equ i r emen t s  was w a n t i n g  b e c a u s e  some vendors  o m i t t e d  c e r t a i n  
r e q u i r e m e n t s .  Kol lsman proposed  c a r e f u l  da ta  review s t u d i e s .  The 
foLlowing parts were c o n s i s  t a n t l y  and r e p e a t e d l y  a c c e p t e d  : 

Resistor (Corning)  P/N 1006750, 1006760 

C a p a c i t o r ,  Tanta lum (KEMET) P/N 1006755 
Resistor (pyrof  i l r f . )  P / N  1010768 
Relay (Clare) P/N 1010436 
T r a n s i s t o r  ('Texas I n s t r u m e n t s )  P/N 1010397 

The f o l l o w i n s  par ts  were c o n d i t i o n a l l y  accepted w i t h  t h e  
s t i p u l a t i o n  t h a t  m i s s i n g  i n f o r m a t i o n  o r  e x p l a n a t i o n s  would be 
s u p p l i e d :  

T r a n s i s t . o r  (Genera l  Electr ic)  P/N 1010398 
Resistor ( E l e c t r o n )  P/N 1010364 
Diode (Micro-Semi Conductor)  P / N  1012042 

Capacitor ( E r i e )  P/N 1012041 
Diode (Dickson)  P/N 1012056 
C a p a c i t o r  (Genera l  Electric) P/N 1010305 
C a p a c i t o r  (Spraque)  P / N  1010264 

The f o l l o w i n g  pa r t s  were rejected: 

Diode (Genera l  Electric) P / N  1010362 
Trans  is t o r  (Genera l  Electric) P/N 101039 8  

5 .4 .4  SCD Upgrading 

Review s t u d i e s  were performed t o  upgrade  SCD g e n e r a l  informa--  
t i o n  e i t h e r  b y  e l i m i n a t i n g  d e s c r e p a n c i e s  and i n c o r r e c t  i n f o r m a t i o n  
o r  by r e p h a s i n g  for c l a r i t y .  These changes  r ange  from o v e r l o a d  
c o n d i t i o n s ,  wave shapes, v o l t a g e  s p e c i f i c a t i o n s  t o  t h e  c a n c e l l a t i o n  
of  c e r t a i n  m i  1i.t ary references and s t a n d a r d s .  MIT/IL special ists  
were m n t a c t e d  f o r  a p p r o v a l  and comment. The f o l l o w i n g  drawings  
w e r e  i n v o l v e d  : 

1006755 Capacitor, Tantalum (KEMET) 
1012043 Pho to tube  (FICA) 
1012053 Trans fo rmer  (Bush) 
1G12141  Capacitor ,  C e r a m i c  ( E r i e )  
10121 48  Trails former (Bush/Microtron)  
PO 1 2 1 4 9  Transformer (Bush/Microtron)  
1012502 Capacitor, Tantalum (Mal lo ry)  
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w 

A c o n f e r e n c e  was held w i t h  Dickson E l e c t r o n i c s ,  vendor f o r  
Zener  d i o d e  P/N 1012529. An agreement  w a s  r eached  r e g a r d i n g  
e n g i n e e r i n g  and t e c h n i c a l  d e t a i l s  and t h e  i n s e r t i o n  o f  bu rn - in  
i n f o m a t i o n .  

A c o n f e r e n c e  was held w i t h  B e ~ d i x ,  vendor  fo r  r e s o l v e r  
P/N 1011294 t o  a d v i s e  t h e  vendor  o f  t h e  b a s i c  a s p e c t s  o f  an  SCD 
i n  r e g a r d  t o  fo rm,  f i t ,  f u n c t i o n  and r e l i a b i l i t y .  

I 

I 5 . 4 . 5  Suppor t  of !~ lanufac tur i  ng  Modif ied Class A Par ts  

I 
, 

AS a r e s u l t  o f  s c h e d u l e  commitments, a n  e x h a u s t i v e  i n v e s t i g a -  
t i o n  was performed by Koilsman t o  p r o c u r e  m o d i f i e d  Class A p a r t s  
f r o m  vendor s  who r e q u i r e  e x c e s s i v e  lead t i m e .  T h i s  w a s  done t o  
insure t h a t  p a r t s ,  p rocu red  i n  p a r t i a l  non-cor~formances w i t h  SCD 
r e q u i r e m e n t s ,  would meet q u a l i t y  and r e l i a b i l i t y  s tan?  ~ r d s  . The 

, f o l l o w i n g  r e q u i r e m e n t s  were set : 

a. ND 1015404 Class 3 i n  l i e u  o f  C l a s s  2. 
1 
I b. Burn- in  f o r  4 8  h o u r s  i n  l i e u  o f  240 h o u r s .  

I c. A l l  lead a n a l y s i s  performed by Kollsman. 

d .  Complete  d e f i n i t i o n  of a l l  d e v i a t i o n s  from 
SCD r e q u i r e m e n t s .  

I em Per formance  of EPT when judged n e c e s s a r y .  

f. A c c e l e r a t i o n  of C l a s s  A procurement  w i t h  
p r e f e r e n t i a l  u s e  o v e r  modi f ied  p a r t s .  

5 . 4 . 6  Extended Performance Test (EPT) Program 

C r i t e r i a  and p r o c e d u r e s  were deve loped  f o r  p a r t s  selected f o r  
ex t ended  pe r fo rmance  t e s t i n g .  T e s t  p l a n s  were d e v i s e d  f o r  t h e  
f o l l o w i n g  parts : 

I C a p a c i t o r ,  P/N 10 06 755 EPT-K10 7 
C a p a c i t o r ,  P/N 1010264 EPT-K106 

I C a p a c i t o r ,  P / N  1012041 EPT-K101 

Diode, P/N 1012042,  1012056 EPT-K104 
Phototvibe , P/N 1 0  12043 EPT-XI0 8 

I 
Transistor, P / N  1012048 EPT-KlOS 

Trans fo rmer ,  P / N  1012052,  1012148  EPT-K103 

Trans fo rmer ,  P / N  1012052, 1012148 EPT-K103 

C a p a c i t o r  P/N 1 0 1 2 1 4 2 ,  1012502 EPT-K102 
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O r i g i n a l l y  EPT s p e c i f i c a t i o n s  were i n t e n d e d  t o  apply t o  an 
e n t i r e  group  of  q e n e r a l l y  i d e n t i c a l  components. I t  was f e l t  t h a t  
it w a s  more e f f i c i e n t  t o  g e n e r a t e  s p e c i f i c a t i o n s  f o r  s p e c i f i c  p a r t s  
so t h a t  a c t u a l  t e s t  expend i tu res  could be reduced t o  a  minimum. 
Drawings were checked t o  i n s u r e  c o m p a t a b i l i t y  w i t h  test  procedures .  

5.4 . 7  Vendor D c s  i g n  k v i  e w  

64X/2X/lX RESOLVER ASSEMBLY, P I N  1012065 

Kollsman pe r sonne l  v i s i t e d  t h e  C l i f t o n  f a c i l i t y  a t  C l i f t o n  
H e i g h t s ,  P a .  t o  review d e s i g n  l a y o u t s  f o r  r e s o l v e r  assemblies. 
Kollsman proposed two clampi.ng changes f o r  be ry l l ium p a r t s  t o  i n -  
s u r e  p o s i t i v e  mechanical  clamping of  t h e  r e s o l v e r  l amina t ion  s t a c k s  
so t h a t  there would be no adver se  s h i f t s  w i t h i n  t h e  r e s o l v e r  as- 
sembly. T're p o t t i n g  of  connec tors  , a s s m b l y  marking, t e t r a  e t c h i n g  
of lead w i r e s  were a l s o  d i s c u s s e d .  

FLEXPRINT, P / N  1012522 

Kollsman personnel  v i s i t e d  W. L .  Gore, Newark, D e l . ,  t o  review 
d e s i g n  requi rements  f o r  t h e  f  l e x p r i n t  . I tems d i s c u s s e d  were: 
t h e  number o f  s t r a n d s ,  t h i c k n e s s  o f  i n s u l a t i o n  o f  primary conduc- 
t o r s ,  t y p e  of w i r e  and wrap of s h i e l d s ,  t h i c k n e s s  o f  o u t e r  t e f l o n  
i n s u l a t i o n ,  method o f  t e r m i n a t i n g  s h i e l d s .  More g e n e r a l  subjects 
d i s c u s s e d  w e r e :  workmanship s t a n d a r d s  , methods of  s e a l i n g  s h i e l d s  
a t  bo th  connec to r  t e r m i n a t i o n s ,  s o l d e r i n g  and p o t t i n g  connec to r s ,  
reliable i n s p e c t i o n  c r i t e r i a  and t h e  ase o f  x-ray a t  c r i t i c a l  
p o i n t s .  

CONNECTORS, P/N 1010770, 1010771, 1010'772, 1010808, 1010809 

Kollsman pe r sonne l  and ACSP v i s i t e e  ? u t s c h  t o  d i s c u s s  des ign  
and s p e c i f i c a t i o n  parameters  f o r  new Block 11 connectors .  The 
purpose  of t h e  r e v i e w  was t o  n e g o t i a t e  v e n c x  e x c e p t i o n s  t o  SCD 
drawings. An a d d i t i o n a l  9-pin connec tor  w a s  added t o  SCD 1010771 
a t  t h e  r e q u e s t  o f  MIT/IL.  Deutsch was unab le  t o  add a 1 2 - p o s i t i o n  
locksmi th  key way. Various documentat ion requi rements  were d i s -  
cussed .  MIT/ IL  exped i t ed  a CCB s o  t h a t  t h o  o r d e r  could  be placed 
on t h e  c r i t i c a l  l o n g  lead p a r t s  l i s t .  

RTV, P/N 1012513, 1012515 

The e l i m i n a t i o n  of m n o r  d i s c r e p a n c i e s  r e s o l v e d  Dow Corning 's 
excep t ions  t o  t empera tu re  parameters  on t h e  SCD's. 

Pre l imina ry  negotiations were i n i a t e d  w i t h  F l e x i b l e  C i r c u i t s ,  
1 1 1 ~ .  f o r  f l e x p r i r ~ t s  . Close Kollsrnan r e l i a b i l i t y  d e s i g n  e f f o r t  w a s  
extended to t h e  vendor to a s s u r e  workmanship and compliance t o  
s p e c i f i c a t i o n s  
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TANTALUM CAPACITORS 

General  Electr ic  s u p p l i e d  Kollsman w i t h  redes igned  u n i t s  , 
which i n c o r p o r a t e d  a double  crank a t  t h e  ends to  i n c r e a s e  p u l l  
s t r e n g t h  t o  approximately  4 pounds. 

RESONATOR T U N I N G  F O R K ,  P / N  2007022 

Extraneous particles were found on t u n i n g  f o r k  t i n e  edges .  
The vendor reviewed and t i g h t e n e d  i n s p e c t i o n  p rocedures .  Kollsman 
con t inued  t o  moni tor  i n s p e c t i o n  procedures .  

5.4.8 F a i l u r e  - Analys i s  Reports  

APOLLO FAILURE ANALYSIS REPORT NO. 1 

LUXORB COATING, P/N 1011778-2 ON SCT OBJECTIVE LENS 
ASSEMBLY P/N 1011709 

~ e t e r i o r a t i o n  of t h e  physical .  p r o p e r t i e s  of t h e  Luxorb c o a t i n g  
on t h e  P / N  1011709 assembly occur red  d u r i n g  the rmal  vacuum t e s t i n g ,  
the reby  c r e a t i n g  haze.  The L w o r b  c o a t i n g  became plast ic  and flowed. 
I n i t i a l  corrective a c t i o n  was t h e  rep lacement  of Luxorb w i t h  
Minnesota Mining and Manufacturing 3M-400 Black Ve lve t  P a i n t ,  which 
did n o t  e x h i b i t  t h e  o p t i c a l  p r o p e r t i e s  o f  Luxorb, b u t  w a s  used eP 

s u c c e s s f u l l y  under  thermal  vacuum exposure .  

A q u a l i t a t i v e  comparison w i t h  Lworb, w a s  made of t h e  degree  
of Blackness  o f  American Opt ical  A 0  OP20, 3M101-C10 Velvet Coat ing,  
3M 400 Black Velvet P a i n t ,  Sndia Ink and Egypt ian  Black. P re l imina ry  
f i n d i n g s  were i n c o n c l u s i v e .  

A d d i t i o n a l  i n v e s t i g a t i o n ,  as reported i n  AFR 4476 determined 
t h a t  Luxorb was n o t  d e t e r i o r a t i n g .  More thorough c l e a n i n g  of t h e  
o p t i c a l  base and removal of v o l a t i l e s  from t h e  g a s k e t  material 
s h o u l d  p r e v e n t  f u r t h e r  occur rance .  Change i n  g a s k e t  m a t e r i a l  w i l l  
be cons ide red ,  i f  problem i s  n o t  e l i m i n a t e d .  

APOLLO FAILURE ANALYSIS REPORT NO. 2 

ELECTRICAL CONNECTOR, P/N 101 2 1  51 

Twenty-three Deutsch connectors  fa i led  dielectric t e s t i n s  a t  
1500 v o l t s  RMS, 60 Hz a s  per MIL-C-26482. F a i l u r e  w a s  caused by 
i n a d e q u a t e  h e r m e t i c  s e a l i n g .  Two 1/8" pieces of g l a s s  (rather t h a n  -* 

one 1/4"  s o l i d  glass s t r i p )  were fused  t o g e t h e r  t o  form t h e  s e a l .  , >  

The vendor agreed  t o  u s e  one piece h e r m e t i c  s e a l i n g .  3 
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APOLLO FAXLURE ANALYSIS REPOPT NO. 3 

SERVO MOTOR TACHOMETER GENERATOR, P/N 1012156 

The S o l v e r e  s e r v o  u n i t s  were t e s t e d  f o r  break-away o r  s t a t i c  
f r i c t i o n  v o l t a g e  under  a vacuum o f  l o o 6  i n  Hg. Two of t h e  s i x  
u n i t s  f a i l e d .  I t  was found t h a t  under h igh  t empera tu re  c o n d i t i o n s ,  
t h e  rotor b a l l  b e a r i n g s  expanded t o  t h e  e x t e n t  t h a t  t h e  .0002" 
radial  p l a y  w a s  i n s u f f i c i e n t  , and t h e r e f o r e ,  r e q u i r e d  more t o r q u e .  
I t  was recommended that r a d i a l  p l a y  s h o u l d  be  i n c r e a s e d  t o  .OOOSN 
t o  .000$". I n c r e a s e d  shaft end play and s h a f t  r a d i a l  p l a y  were 
a l s o  reoanunended . 

APOLLO FAILURE ANALYSIS REPORT NO. 4 

AGE 1 7  - SHAFT A X I S  GEAR BOX SCT AND S H A m  ANGLE COUNTER 

Excessive f r i c t i o n  and b i n d i n g  were noted i n  t h e  SCT s h a f t  o f  
AGE 17 .  A running  v o l t a g e  of 39 v o l t s  w a s  reqtr i red as opposed t o  
t h e  s p e c i f i e d  37 v o l t s .  The g e a r  t r a i n  was examined f o r  h igh 
s p o t s .  I t  w a s  determined t h a t  the b e v e l  g e a r s  s h o u l d  be  p a i r e d  
and l apped ,  and t h a t  a l u b r i c a t i o n  r equ i remen t  s h o u l d  be added t o  
ND 1002077. 

APOLLO FAILURE ANALYSIS REPORT NO. 5 

CAPACITOR P/N 101 21 4 2 

Genera l  E lec t r ic  c a p a c i t o r s  P/N 1012142 f a i l e d  t h e  p u l l  test ,  
part  of Q u a l i f i c a t i o n  T e s t i n g .  I t  was d i s c o v e r e d  t h a t  a des igned  
band i n  t h e  l e a d  compressed a r u b b e r  g a s k e t ,  which i n  t u r n ,  
exerted p r e s s u r e  o n  t h e  t a n t a l u m  f o i l  leadbond to  t h e  e x t e n t  t h a t  
t h e  f o i l  tore.  I t  w a s  recommerded t h a t  epoxy (Hysol 1 2 - 0 0 7 ~ )  
should be a p p l i e d  a t  both ends t o  act. as f i l l e t s .  

APOLLO FAILURE ANALYSIS  REPORT NO. 6 - 
HIGH VOLTAGE POWER SUPPLY, STARTRACKER, P/N 2007032 

Vol tage d r i f t  i n  power supply high v o l t a g e  o u t p u t  and s t a r  
p r e s e n c e  s i g n a l  developed as a f u n c t i o n  o f  time and t e m p e r a t t ~ r e .  
I n v e s t i g a t i o r s ,  u s i n g  the l a b o r a t o r y  breadboard ,  i n d i c a t e d  t h a t  
the t e m p e r a t u r e  s e n s i t i v i t y  of t r a n s i s o t r  Q3 (p:;;rt of t h e  d ~ f f e r e n -  
t i a l  a m p l i f i e r )  was the probable cause. 



KOLLSMAN INSTRUMENT CORPORATION 

5 . 4 . 9  R e l i a b i l i t y  Report Analyses (ARR-8 t h r u  A R R - 4 7 )  

INVESTIGATION O F  CONTAMINATION O F  TELESCOPE PANEL P/N 2011717 

R e l i a b i l i t y  r e p o r t  ARR-8 described t h e  i n v e s t i g a t i o n  t o  
i d e n t i f y  f o r e i g n  contamina t ion  found o n  i n s e r t s  i n  Te lescope  Pane l ,  
P/N 2011 7 1  7. I n  a d d i t i o n ,  t h e  r e p o r t  recommended c l e a n i n g  pro- 
cedures  and means t3 preven t  re -occur rence  o f  contamina t ion .  The 
r e s u l t  o f  t h e  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  a s t a i n l e s s  s tee l  t r m l  
should  be used i n  l i e u  of a  c o l d  r o l l e d  t o o l  and t h a t  leak test 
shou ld  be performed i n  a c l e a n  a r e a .  

PACKAGING O F  ROUGH OPTICAL BASES 

R e l i a b i l i t y  r e p o r t  ARR-9 i n v e s t i g a t e d  means f o r  p r e v e n t i n g  
m r r o s i o n  d u r i n g  shipment of o p t i c a l  b a s e s .  The report recommended 
t h a t  t h e  vendors ,  Rerylco and Brush Bery l l ium,  s h i p  o p t i c a l  bases  
i n  s e a l e d  p o l y e t h y l e  bags w i t h  d e s s i c a n t s .  

Note: R e l i a b i l i t y  r e p o r t  ARR-10 was n o t  i s s u e d .  

ANALYSIS O F  VARIATIONS TO ELECTRO-OPTICAL PERFORMANCE 
O F  PHOTOMULTIPLIER TUBE P/N 101204 3 

R e l i a b i l i t y  report ARR-11  ana lyzed  t h e  e l e c t r o - o p t i c a l  
c h a r a c t e r i s t i c s  o f  an opera t iona l .  Apol lo  p h o t o m u l t i p l i e r  t u b e  t o  
examine its c a p a b i l i t y  to p r o v i d e  r e l i a b l e  performance i n  s t a r  
t r a c k i n g  a p p l i c a t i o n s .  The r e s u l t s  e v a l u a t e d  t h e  p h o t o m u l t i p l i e r  
tube o u t p u t  elect c a l  s i g n a l  l e v e l  and v a r i a t i o n s  produced by t h e  
o p t i c a l  s t a r - t a r g e t  l i g h t  s o u r c e s  when t h e  composit  a f f e c t s  o f  
optical c o l l e c t i o n  and e f f i c i e n c y  , spectral m i s s i o n  and re sponse ,  
dark c u r r e n t s ,  s i g n a l  t o  n o i s e  r a t i o s ,  and t empera tu re  were t a k e n  
i n t o  account .  The  r e p o r t  w a s  a " , so  i n t e n d e d  f o r  r e f e r e n c e  i n  
ana lyz ing  a d d i t o n a l  o p e r a t i o n a l  and performance problems t h a t  
might be i n c u r r e d  i n  o t h e r  p a r t s  of t h e  p h o t o m u l t i p l i e r  t u b e  and 
s e a r t r a c k e r  r e l i a b i l i t y  t e s t  sub-programs . The r e s u l t s  o f  the 
ig. ,vest igat ion showed t h a t  t h e  p h o t o m u l t i p l i e r  t u b e  was s u i t a b l e  
for its in tended  purpose.  

INVESTIGATION O F  CONTACT PIN ASSEMBLY LEAD BREAKAGE 

R e l i a b i l i t y  r e p o r t  ARR-12 described an i n v e s t i g a t i o n  of con- 
t.act p i n  assembl ies  t o  determine t h e  q u a l i t y  o f  the s o l d e r  bond. 
~ a d i o g r a p h i c  i n s p e c t i o n  was i n  accordance w i t h  MIL-S-453. The , 

r e s u l t s  o f  t h e  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  t h e  beve led  p i n  d e s i g n  
decreased t h e  number and s i z e  of s o l d e r  vo ids  w i t h i n  t h e  pin c a v i t y .  
Mylar s l e e v i n g  , a f t e r  a p p l i c a t i o n  of hiqh t e m p - r a t u r e ,  showed 
ev idence  of solder running.  S p e c i f i c a t i o n  w i r e  passed an a r b i t r a r y  
25 c y c l e  f lux  test. Assembly procedures w e r e  r e v i s e d  t o  avoid 
e x c e s s i v e  f l u x i n q .  yrr 
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CIRCUIT ANALYSIS F'oR COMPONENT EVALUATION O F  ASSEMBLY - 
T U N I N G  FORK, PIIOTOMETER P/h 2007021 

R e l i a b i l i t y  r e p o r t  ARR-13 d e s c r i b e d  t h e  r e s u l t s  o f  a com- 
ponent r e l i a b i l i t y  anal,~,-j ;:: c a l c u l a t e d  under DC c o n d i t i o n s  and 
a p p l i c a b l e  t o  c a p a c i t o r s  ,, r e s i s t o r s ,  q e n e r a l  purpose d iodes  and 
Zener d iodes  used i n  t h e  Tuning Fork ,  Photometer ,  F/N 2007021, 
manufactured by Kollsman. The a n a l y s i s  was performed t o  determine 
componet r e l i a b i l i t y  d a t a  under "worst  case"  condi t . ions  of p a v e r ,  
v o l t a g e ,  c u r r e n t  and misce l laneous  r a t i n g s .  The a n a l y s i s  ehowed 
t h a t  a l l  components were stressed p r o p e r l y .  

PNVESTIGATION O F  BERYLLIUM CORROSION UNDER 
SALT SPRAY ENVT RONMENT 

R e l i a b i l i t y  r e p o r t  A R R - 1 4  described a n  i n v e s t i q a t l o n  t o  de- 
t e rmine  t h e  e f f e c t  of s a l t  s p r a y  environment upon Beryllium and b i -  
m e t a l l i c  couples  o f  Baryll ium and STa in les s  Steel and Baryl l ium and 
Aluminum. The i n v e s t i g a t i o n  w a s  made t o  de te rmine  t h e  e f f e c t  of  
t h e r m a l  vacuum exposure  upon v a r i o u s  t y p e s  o f  p r o t e c t i v e  c o a t i n g  
compounds. The r e s u l t s  showed t h a t  oni; . ? a t e r i a l ,  Humiseal 1B15 w a s  
t h e  most s u i t a b l e  for use i n  t h e  p ro jeceed  s a l t  s p r a y  tes t  t o  de- 
t e r m i n e  i f  a c o a t i n g  would i s o l a t e  bervll im and i t s  b f - m e t a l l i c  
c o u p l e s  from t h e  effect  of a c o r r o s i v e  environment.  

RELIABILITY ESTIMATE FOR T U N I N G  FORK ASSEMBLY, 
PHOTOMETER, P/N 20070 2 1  

~ e l i a b i l  i t y  r e p o r t  ARR-15 d e s c r i b e d  t h e  r e l a t i v e  mean- t i m e  
be tween- fa i lu res  (MTBF) of t h e  Tuning Fork Assembly. The com- 
ponent MTBF w a s  t y p i c a l  and n o t  a t r u e  i n d i c a t i o n  f o r  t h e  purchased 
e l e c t r o n i c  p a r t s .  The f a i l u r e  r a t e s  used w3re d e r i v e d  from MIL- 
HDBK-217. The report did  a c c u r a t e l y  i n d i c a t e  t h e  stress r a t i o s  and 
was a good measure o f  t h e  r e l a t i v e  r e l i a b i l i t y  of p a r t s  and modules. 
The components which should  be s t r e s s - r e l i e v e d  became immediately 
obvious .  The r e p o r t  showed t h a t  t h e  r e l i a b i l i t y  o f  t h e  t u n i n g  f o r k  
can be improved by achieving better  balance o f  component stress 
r a t i o s  . 

EVALUATION O F  CONTAMINATED MIRROR HOUSING P I N  601180 8 

~ e l i a b i l i t y  r e p o r t  ARR-16 d e s c r i b e d  t h e  i n v e s t i g a t i o n  o f  con- 
t a m i n a t i o n  found on Mirror Housing P/N 6011808 (S/N 7)  . The b lack  
s t a i n s  were anodized be ry l l i iun ,  a r e s u l t  of  poor maskin? d u r i n g  
t h e  a n o d i z i n g  p rocess .  The gray w h i t e  contamina t ion  appeared t o  
be a s u r f a c e  contaminant  and n o t  a c o r r o s i o n  product  of bery l l ium.  
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EVALUATION OF CRACK TN OPTICAL BASE, P/tJ 2011618 

R e l i a b i l i t y  Report ARR-17 i n v e s t i g a t e d  a c r a c k  found d u r i n g  
l e a k  t e s t i n g  of o p t i c a l  base ( S / N  1011) .  Zyglo p e n e t r a n t  was found 
i n  t h s  crack. The o p t i c a l  bas? w a s  rejected. 

ZIRCUIT ANALYSIS FOR COMPONYW EVALUATIOP! O F  ASSEMBLY - 
T U N I N G  FORK, TRACKER, P/N 2007022 

R e l i a b i l i t y  r s p o r t  ARR-18 d e s c r i b e s  t h e  r e s u l t s  o f  component 
r e l i a b i l i t y  a n a l y s i s  c a l c u l a t e d  unde r  DC c o n d i t i o n s  and a p p l i c a b l e  
to c a p a c i t o r s ,  d i o d e s ,  resistors and t r a n s i s t o r s  used i n  Tuning 
~ o r k ,  Tracker, P/N 2007022, manufactured by Kollsman. The a n a l y s i s  
was p e r f o m e d  t o  de te rmine  component r e l i a b i l i t y  data  under "wars t 
c a s e "  c o n d i t i o n s  of pswer ,  v o l t a g e  , c u r r e n t  and m i s c e l l a m u 8  r a t i n g s  
The a n a l y s i s  i n d i c a t e d  t h a t  components were w i t h i n  s p e c i f i e d  r a t i n g s  
as t o  Tpower and v o l t a g e .  

CIRCUIT ANALYSIS FOR EVALUirTXON O F  ASSEMBLY - 
HEAD ELECTRONICS, TRACKER, P/N 2007024 

Rel iab i  l i t y  r e p o r t  ARR- 19 described t h e  r e s u l t s  o f  mmponent 
r e l i a b i l i t y  a n a l y s i s  c a l c u l a t e d  under  DC c o n d i t i o n s  and was ap- 
pl icable t o  capacitors, resistors, g e n e r a l  purpose  diodes, z e n e r  
diodes and t h e  p h o t o m u l t i p l i e r  tube used i n  Head E l e c t r o n i c s ,  
T r a c k e r ,  P/N 2007024, manufactured by Kollsman. The a n a l y s i s  was 
perfoxmed t o  de t e rmine  component: re1 iab i  l i t y  d a t a  under  "wors t  
c a s e "  c o n d i t i o n s  of power, v o l t a g e ,  c u r r e n t  and misce l l aneous  
r a t i n g s .  The r e s u l t s  of t h e  a n a l y s i s  showed t h a t  resistor, 
c a p a c i t o r ,  diodes and t r a n s i s  tors w e r e  p r o p e r l y  derated, a l though  
~ 1 9  appeared t o  be close t o  d e s i g n  l i m i t a t i c n s .  The plrotornulti- 
pbier  t u b e  appeared t o  be o p e r a t i n g  in an  u n s t a b l e  mode under  
"worst c a s e "  c o n d i t i o n s .  The b i a s i n g  o n  t h e  0 3  stage appeared t o  
be a t  a r e l a t i v e l y  l o w  l e v e l  and c o u l d  c a u s e  c l i p p i n g  f o r  AC 
s i g n a l s .  

CIRCUIT ANALYS IS FOR COMPOMEv EVALUATION OF 
ASSEMBLY - HFAD Y ELECTRONIC TRACKER 

R e l i a b i  l i t y  report ARR- 20 des cr ibed t h e  r e s u i t s  of component 
r e l i a b i l i t y  a n a l y s i s  calculated under DC c o n d i t i o n s  and was ap- 
p l i c a b l e  t o  capacitors, res is  tors, g e n e r a l  purpose diodes, zener' 
d iodes  used i n  Head Y Electronics, Tracker, manufactured by 
Koll, sman . The a n a l y s  is was performed t o  d e t e r m i n e  component re- 
i i a h i l i t y  d a t a  under  "worst case" c o n d i t i a n s  of power, v o l t e g e ,  
c u r r e n t  and m i s c e l l a n e o u s  r a t i n g s .  The a n a l y s i s  showed t h a t  a l i  
components were stressed p r o p e r l y .  

4 
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RELIABILITY ESTIMATE FOR H I G H  VDLTAGE POWER SUPPLY (HVPS) , 
PHOTOMETER, P/N 2001031 

R e l i  a b i  1 ~ t y  r e p o r t  ARR- 2 1  des  cribed r e l a t i v e  mean-t ime-between- 
f a i l u r e  (MTBk') o f  High Voltage Power Supply,  Photometer.  The 
component mBF was t y p i c a l  and n o t  a t i u e  i n d i c a t i o n  f o r  t h e  
purchased e l e c t r o n i c s  p a r t s  used i n  t h i s  assembly. The f a i l u r e  
r a t e s  used were d e r i v e d  f r o r  MIL-HDBK-217. The r e p o r t  i n d i c a t e d  
t h e  stress r a t i o s  and was a  ~ o o d  mzasure of r e l a t i v e  r e l i a b i l i t y  
o f  parts  and modules. The  components which shou ld  be stress- 
relieved became immediately obvious .  The stress r a t i o  o f  t h e  
High Vol tage  Power Supply appeared to  be p r o p e r l y  stressed. 

ANALYSIS O F  VARIATIONS I N  OPTICAL-MECHANICAL 
PERFORMANCE O F  TUWTNG F O R K  RESONATOR P/N 1012154 

R e l i a b i l i t y  r e p o r t  ARR-22  descr? bed an a n a l y s i s  o f  o p t i c a l -  
mechanical  c h a r a c t e r i s t i c s  and o p e r a t i o n s  o f  t h e  double  t u n i n g  fork 
s c a n n e r  assembly t o  examined i ts  c a p a b i l i t y  to provide  r e l i a b l e  
performance i n  t h e  Apollo s t a r  t r a c k i n g  a p p l i c a t i o n .  The r e s u l t s  
e v a l u a t e d  t h e  i n t e r r e l a t i o n s h i p  of s c a n n i n g  a p e r t u r e  s i z e ,  ampli- 
t u d e  of t o t a l  s c a n  excurs ion ,  p a r t  t o l e r a n c e s ,  d r i v e  and a s s o c i a t e d  
programs and scannrng p a t t e r n  coverage.  Every a s p e c t  o f  t u n i n g  
f o r k  o p e r a t i o n  was examined on a  d e t a i l e d  b a s i s .  With respect t o  
opti .ca1-mechanical e v a l u a t i o n ,  t h e  g e n e r a l  t u n i n g  f  a r k  scanner  
system a s p e c t s  appeared t o  meet a l l  requi rements .  

RELIABILITY ESTIMATE FOR HEAD ELECTRONICS, 
TRACKER, P/N 2007024 

R g l i a b i  l i t y  report ARR- 23  described r e l a t i v e  mean-time-between- 
f a i l u r e  (MTBF) o f  Head E l e c t r o n i c s ,  T r a c k e r  P/N 2087024. The  
component MTBF is t y p i c a l  and n o t  a  t r u e  i n d i c a t o r  f o r  t h e  pur  - 
chased e l e c t r o n i c  p a r t s  used i n  t h i s  assembly. The f a i l u r e  rates 
used w e r e  d e r i v e d  f n v m  MIL-HDBK-217. The  r e p o r t  d i d  a .  c u r a t e l y  
i n d i c a t e  t h e  stress r a t i o s  and w a s  a good measurL c.. - tric? r e l a t i v e  
r s l i a b i l i t y  o f  parts and modules. The componc ,. is . n ich  should  be 
s t r e s s - , r e l i e v e d  becartle e v i d e n t .  The  leFort skowe3 t h a t  r e l i a b i l i t y  
might be improved by i n c r e a s i n g  t h e  v03. aiye r a t i n g  o f  R 1 9 ,  b u t  
p h y s i c a l  s i z e  of t h e  s u b s t i t u t e  resistor was trot compat ib le  vsith 
t h e  module by i n c r e a s i n g  t h e  v o l t a g e  r a t i n g  of c a p a c i t o r  C2. 

CORROS ION RIES ISTANCE O F  UNPROTECTED MACHINED BERYLLIUN PARTS 

Re1 iabi li t y  report AXR-24 i n v e s t i g a t e d  t h e  development of  
c o r r o s i o n  o n  mac.~ined b e r y l  liw. s u r f  aces under h i g h  r e l a t i v e  
humidity and temperature. Various  methods for p r e v e n t i n g  c o r r o s  i o n  
were i n v e s t i g a t e d  : h e a t  r e l i e v i n g ,  ZygPo p e n e t r a t i o n  and s t z i p a b l e  
o r g a n i c  c o a t i n g  were i n v e s t i g a t e d .  
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BERYLLIUM CORROSION UNDER SALT SPRAY ENVI FONMENT 

R e l i a b i l i t y  r e p o r t  ARR-25 f u r t h e r  i n v e s t i g a t e d  t h e  e f f e c t i v e  
u s e  of a n  o r g a n i c  c o a t i n g  f o r  t h e  p r e v e n t i o n  of  g a l v a n i c  and 
chemical  c o r r o s i o n  cf Beryll ium i n  a s a l t  s p r a y  envir0r:ment. The 
r e s u l t s  of  t h e  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  kiumisal l B l S  gave com- 
ple te  p r o t e c t i o n  t o  Beryl l ium and i t s  b i - m e t a l l i c  couples  i n  s a l t  
spray and humidi ty  environments.  

THERMAL VACUUM QUALIFICATION FOR F-50 AND G-300 
LUBRICANTS (GENERAL ELECTRIC) 

R e l i a b i l i t y  r e p o r t  ARR-26 described t h e  e v a l u a t i o n  of  F-50 
and  (7-300 L u b r i c a n t s  i n  r e s p e c t  t o  we igh t  l o s s  i n  the rmal  vacuum. 
Kollsman genera ted  a s p e c i f i c a t i o n  for qua14 f y i n g  t h e s e  l u b r i c a n t s .  

AC CIRCUIT ANALYSIS AND EVALUATION O F  ASSEMBLY - HJGH 
VOLTAGE POWER SUPPLY (HVPS) , TRACKER P / N  2007032 

R e l i a b i l i t y  r e ~ o r t  ARR-27 described t h e  r e s u l t s  o f  an a n a l y s i s  
of t empera tu re  and B+ v o l t a q e  e f f e c t s  on  t h e  o p e r a t i o n  o f  t he  
T r a c k e r  High Vol t age  Power Supply,  manufactured by Kollsman. The 
a n a l y s i s  was conducted o n  a t h e o r e t i c a l  b a s i s ,  backed up by a c t u a l  
b readboard  r e s u l t s .  I t  was recommended t h a t  t h e  r e g u l a t o r  p o r t i o n  
of t h e  power s u p p l y  shou ld  be redes igned  t o  decrease f l u x u a t i a n s  
caused by t e m p e r a t u r e  and l i n e  v o l t a g e .  T h i s  can be accomplished 
by adding  a feedback from t h e  r e g u l a t o r  o u t p u t ,  a s  i s  done w i t h  
o p e r a t i o n a l  a m p l i f i e r .  In a d d i t i o n ,  t h e  s t a r  p r e s e n c e  c u r r e n t  
shou ld  be isolated from the o p e r a t i o n  of the r e g ~ l a t ~ o r .  

AC CIRCUIT ANALYSIS FOR EVALUATION OF TUNING FORK 
DRIVE, TRACKER 

~ e l i a b i l i t y  report ARR-28 described t h e  a n a l y s i s  o f  AC 
c h a r a c t e r i s t i c s  of t h e  tracker tunir lg f o r k  drive c i r c u i t y r  o n  a 
d e t a i l e d  b a s i s  t o  examine i t s  c a p a b i l i t y  t o  p r o v i d e  r e l i a b l e ,  per- 
formance. The r e s u l t s  evaluated t h e  c i r c u i t  e l e c t r i c a l  s i g n a l  
l e v e l  changes, produced by t h e  composite e f f e c t s  of t r a n s i s t o r ,  

, c a p a c i t o r ,  resistor, DC supply voltage a n c  t empera tu re  v a r i a t i o n s .  
The c i r c u i t  for t h e  t r a c k e r  t u n i n g  f o r k  d r i v e  appeared t o  be of 
g e n e r a l l y  good theoretical design. 

PWLIMINARY REPORT ON EXUDATE AND HAZE 

~ e l i a b i l i t y  r e p o r t  ARR- 29 aes x i b e d  t h e  p r e l i m i n a r y  i n v e s t i -  
g a t i o n  of the exuda te  and haze prcblem, which has  developed.  It 
has been e s t a b l i s h e d  t h a t  t h e  exuda te  w a s  methlrl s i l i c o n e  and it 
was reconmended that gasker material s h o u l d  be changed from s i l i c o n e  
rubber t o  Viton.  Ir was established t h a t  the haze was a s e p a r a t e  
problem and the substance was t e n t a t i v e l y  i d e n t i f i e d  as a halo- 
genated ( f l u o r i n a t e d )  compound " 
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DC AND AC C I R C U I T  D E S I G N ,  ANALYSIS AND EVALUATION OF 
ASSEMBLY - HIGH VOLTAGE POWER SUPPLY (HVPS) , STAR 
TRACKER, P/N 2007175 

R e l i a b i l i t y  r e p o r t  ARR-30 d e s c r i b e d  t h e  i n v e s t i g a t i o n  f o r  
r e d e s i g n  o f  t h e  High Vol tage Power  Supply as recommended i n  ARR-1 
and ARR-27. The o r i g i n a l  d e s i g n  e x h i b i t e d  e x c e s s i v e  t e m p e r a t u r e  
d r i f t  c h a r a c t e r i s  t ics ,  absence o f  t h e  s t a r  p r e s e n c e  c u r r e n t ,  over-  
s t r e s s i n g  o f  component and o p e r a t i o n a l  f a i l u r e s .  I t  was recom- 
mended t h a t  t h e  d e s i g n  should be modi f ied  t o  i n c o r p o r a t e  a t w o  
p a r t  select system f o r  s e t t i n g  t h e  hiqh v o l t a g e  o u t p u t  and f o r  
s e t t i n g  s t a r  p r e s e n c e  and t h a t  a feedback c i r c u i t  s h o u l d  be added 
t o  t h e  DC/AC c o n v e r t e r .  

FINAL REPOFtT ON EXUDATE AND HAZE 

R e l i a b i l i t y  r e p o r t  ARR-31 d e s c r i b e d  t h e  r e s u l t s  o f  t h e  i n -  
v e s t i g a t i o n  i n t o  exudate  and h a z e ;  p r e l i m i n a r y  f i n d i n g s  were 
d e s c r i b e d  i n  A M - 2 9 .  N o  d e f i n i t e  c a u s e  cf t h e  haze  w a s  found. It 
was recommended t h a t  Kollsman s h o u l d  f u . r t h e r  s t u d y  t h e  problem. 

ANALYSIS OF THE . 3 4  TO .51 MICRON SPECTRAL CHARACTERISTICS 
OF TUNGSTEN LAMP (RCA C70048), BLUE LIGHT FILTER (CORNING 
C55-58)  AND PHOTOMULTIPLIER TUBE, P/N 1012043 

R e l i a b i l i t y  r e p o r t  ARR- 32 d e s c r i b e d  an  i n v e s t i g a t i o n  of t h e  
u t i l i z a t i o n  of  a n  incandescen t  l i g h t  bu lb  as t h e  r e f e r e n c e  il- 
l u m i n a t i o n  s o u r c e  i n  f a c t o r y  t e s t i n g  and q u a l i f i c a t i o n  o f  t h e  
p h o t o m u l t i p l i e r  t ube .  S p e c i f i c a l l y ,  t h e  amount o f  u s e f u l  energy 
a c t u a l l y  available i n  t h e  system s p e c t r a l  workicg r e g i o n  and t h e  
c a p a b i l i t y  to  oont  i n u a l  l y  produce t h i s  measurement r a d i a t i o n  i n  a 
re l iable  and r e p e a t a b l e  b a s i s  w a s  i n v e s t i g a t e d .  I t  w a s  concluded ?" 
t h a t  f o r  a c o n s t a n t - r a d i a t i o n ,  s t eady-ou tpu t  l i g h t  s o u r c e  f o r  
r e l a t i v e  comparison purpose  o r  f o r  u s e  when t h e  time: p e r i o d  between 
tests is  compara t ive ly  s h o r t ,  t h e  i n c a n d e s c e n t  lamp, a t  any ap- 
p r o p r i a t e  l e v e l  is  an e x c e l l e n t  l i gh t .  s o u r c e .  F u r t h e r ,  it was 
concluded t h a t  when t h e  requi rements  are f o r  a b s o l u t e  l e v e l s  o f  
c o n s t a n z  rac'iat i o n  for critical measurement, the i ncandescen t  lamp 
must be c a l i b r a t e d  and xon i  tclred by e x t e r n a l  i n s  t r u m s n t a t i o n  . 

EVALUATION OF BLACKENING COMPOUNDS FOR REDUCING 
INTERNAL REFLECT13NS WITHIN GLASS COMPONENTS 

R e l i a b i l i t y  r e p o r t  ARR-33 d e s c r i b e d  t h e  e v a l u a t i o n  of t h e  
r e l a t i v e  e f f e c t i v e n e s s  of coating compounds, Black Velvet ar.d 
~ u x o r b ,  t o  minimize g l a r e  when a p p l i e d  to the o b j e c t i v e  l e n s  
assembly.  This w a s  accomplished by comparing t h e  i n t e n s i t y  of 
s t r a y  l i g h t  t r a n s m i t t e d  a t  the edges of t h e  l e n s  assemblies, 
c o a t e d  w i t h  t h e s e  b lackening  a g e n t s ,  and t h e  i n t e n s i t y  of l i g h t  
t r a n s m i t t e d  a long  t h e  optical axes of t h e s e  l e n s e s .  Black Velve t  
proved t o  be an effective means for  r e d u c i n g  the i n t e n s i t y  of 
stray l i g h t  reflect ions ; it also possessed  p r o p e r t i e s  which are 
compatible w i t h  the d e s i g n  and perfo-mance of t h e  system. 
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EVALUATION O F  ALLOY 180 

R e l i a b i l i t y  r e p o r t  ARR-34 d e s c r i b e d  t h e  a n a l y s i s  by Kollsman 
t o  back up a r e q u e s t  t o  MIT/IL t o  use Alloy 180 f o r  connector p i n s  
i n  l i e u  o f  b e r y l l i u m  copper .  

EVALUATION OF TANTALUM C.APACITOR (GE) , P/N 1012142 

R e l i a b i l i t y  r e p o r t  ARR- 35 d e s c r i b e d  t h e  i n v e s t i g a t i o n  o f  
q u a l i f i c a t i o n  f a i l u r e  o f  t a n t a l u m  c a p a c i t o r s ,  manufactured by 
General  E l e c t r i c .  The vendor redes igned  t h e  c a p a c i t o r  by i n -  
creasing t h e  t h i c k n e s s  o f  t h e  t an ta lum f o i l  from .0005" t o  .00055". 

Note: R e l i a b i l i t y  r e p o r t  ARR-36 was no t  i s s u e d .  

INVESTIGATION OF SIZE 8 RESOLVER (aImoN) P/N 1012157 
TEST RESULTS 

R e l i a b i l i t y  r e p o r t  ARR-37 d e s c r i b e d  "he i n v e s t i g a t i o n  o f  
e x c e s s i v e  a n g u l a r  error a f t e r  t empera tu re  c y c l i n g .  When resolvers 
P / N  1012157 were t e s t e d ,  it w a s  concluded t h a t  t h e  a l l o w a b l e  error 
i n  t h e  test procedure  could h e  r a i s e d  from 2 ' t o  2.5 ' . 

PRELIMINARY TEST REPORT - HIGH VOLTAGE POWER SUPPLY 
(BREADBOARD ) 

R e l i a b i l i t y  r e p o r t  ARR-38 d e s c r i b e d  t h e  p r e l i m i n a r y  evaluat ion 
o f  t h e  r edes igned  h igh  v o l t a g e  power supply i n  breadboard form. 
The h i g h  voltage o u t p u t  and t h e  s t a r  p resence  s i g n a l  remained 
s t a b l e  over a t e m p e r a t u r e  xange o f  2S°C t o  7S°C a t  automatic g a i n  
c o n t ~ r o l  se t t ings  o f  2.5V, 2.0V, 1.6V, 1 . 5 V  and 1.4V. 

EVALUATION OF BLACK STAINS ON STAR TRACKER 
AND HORIZON SENSOR HOUSING 

R e l i a b i l i t y  r e p o r t  ARR-39 d e s c r i b e d  t h e  i n v e s t i g a t i o n  of t h e  
b l e e d i n g  of  b l a c k  ansdize and f i n g e r  prints o n t o  unanodized s u r -  
faces. ~t w a s  concluded t h a t  t h e  s t a i n s  were due t o  p o ~ r  masking 

, d u r i n g  anod iz ing  and impraper h a n d l i n g  a f t e r  c l e a n i n g .  

Note: R e l i a b i l i t y  report ARR-40 w a s  not i s s u e d .  

THERMAL VACUUM EVALUATION OF BLACK DRAG CUP I N  MOTOR- 
TACHOMETER GENERATOR (SOLVERE) P/N 10'12156 

~ e l i a b i l i t y  r e p o r t  A R R - 4 1  d e s c r i b e d  t h e  i n v e s t i g a t i o n  i n t o  
t h e  f a i l u r e  o f  motor-tachometer g e n e r a t o r  P/N lOP2,',56 t o  p a s s  t h e  
1 0  c y c l e  Thermal Vacuum SpeeC Condi t ion ing  T e s t .  The f a i l u r e  was 
due t o  excessive s t i c t i o n  and ball b e a r i n g  p r e l o a d i n g .  The vendor 
~roposed b lacken ing  t h e  drau cups with Ebonal-C. Uni ts  w i t h  t h i s  
m d i c i c a t i o n  success fully passed t e s t i n g .  
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FINAL REPORT : CORRDSION RES ISTANCE O F  UNPROTECTED 
MACHINED BERYLLIUM PARTS 

R e l i a b i l i t y  r e p o r t  ARR-42 described t h e  i n v e s t i g a t i o n  i n t o  
methods for p r o t e c t i n g  b e r y l l i u m  p a r t s  f r a m  c o r r o s  i o n  under v a r y i n g  
r e l a t i v e  humid i ty  and t empera tu re .  I t  recommended more s t r i n g e n t  
c o n t r o l  of t h e  chemis t ry  of b e r y l l i u m  p r e s s i n g ,  d iscouragement  o f  
h e a t - r e l i e v i n g  i n  hydrogen a c m s p h e r e ,  more s t r i n q e n t  hand l ing  pro- 
c e d u r e s  and t h e  u s e  of  t h e  b e r y l l i u m  p r e s ~ r v a t i o n  method developed 
by Berg lco .  The e f f e c t  o f  s a l t  s p r a y  was also i n v e s t i g a t e d .  

EVALUATION OF TRANSKIRMERS, POFTER STOP UP 
P/N 101248 and 1 0 1 2 4 9  ( B U S H )  

R e l i a b i l i t y  r e p o r t  ARR-44 compared t r a n s f o r m e r s  P/N 1012148 
and 1012149 r e c e i v e d  from Bush Transformer  and t h o s e  rejected bv 
incoming i n s p e c t i o n .  T h e  r e p o r t  a l s o  attempted t o  estimate 
empirical l i m i t s  o n  e x p e c t a t i o n s  of c u r r e n t ,  s w i t c h i n g  f requency 
arrd electrical wave shape. I t  was found t h a t  c s n s t r u c t i a a  of t h e  
t r a n s f o r m e r  was f a u l t y ;  t h e r e  was a n  i n c r e a s e  i n  c u r r e n t  drawn from 
t h e  power s u p p l y ,  when t h e  t r a n s f o r m e r  is unloaded o r  loaded, which 
was caused  by a s h o r t e d  t u r n  i n  t h e  winding or  by inadequa te  i n -  
s u l a t i o n .  

ANALYSIS O F  TRANSFORMER, POWER STEP UP AS TESTED BY SCD 10121418 

R e l i a b i l i t y  r e p o r t  ARR-43 described t h e  i n v e s t i g a t i o n  conducted 
when t h e  Bush t r a n s f o r m e r  d i d  n o t  pass accep tance  t e s t i n g .  The 
i n v e s t i g a t i o n  i n c l u d e d  a t h e o r e t i c a l  a n a l y s i s  o f  t h e  range  of 
f r e q u e n c i e s  o f  o u t p u t  v o l t a g e s  that can  be expec ted  from t h e  t r a n s -  
f oar,er i n  p r o d u c t i o n ,  I t  t o o k  i n t o  ? o n s i d e r a t i o n  v a r i a t i o n s  i n  
maximum s a t u r a t i o n ,  f l u x  d e n s i t y ,  core s f  ze and winding t u r n s .  I t  
concluded t h a t  w h i l e  SCD 1'312148 w a s  correct i n  i t s  f requency  and 
AC v o l t a g e  f equi rements  , t h e  t e s t  c i r c u i t  l i m i t e d  u n i t  accep tance .  

EVALUATION OF BLACK VELVET 40  0 IN THERP4AL 
VACUUM ON EPOXY -FIBERGLASS LAMINATE 

Reliabi l i t y  report ARR-45 i n v e s t i g a t e d  t h e  adhes ive  p r o p e r t i e s  
o f  Black Ve lve t  400 i n  regard t o  i.ts r e l i a b i l i t y  as a c o a t i n g  f o r  
t h e  s p r a y - f i b e r q l a s s  l a m i n a t e  disc (P/N 2008243A)  o n  top o f  t h e  
pho to  t u b e  s h i e i d .  Samples primed with s t r o n t i u m  chromate per- 
formed w e l l .  All other samples tested showed tendency toward poor 
adhes ion .  
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PERFORMANCE TEST : T R X K E R  HIGH VOLTAGE POWER 
SUPPLY P/N 2007175 

Reliabi l i t y  r e p o r t  ARR-46 described t h e  comprehensive test 
e v a l u a t i o n  of t h e  t r a c k e r  high vo l t age  power supply product ion 
p ro to type  module. The pro to type  module was f a b r i c a t e d  us ing  Class 
A e q u i v a l e n t  p a r t s .  T e s t s  were performed a f t e r  basic cordwood 
c o n s t r u c t i o n ,  a f t e r  conformal d r i p  c o a t i n g  and a f t e r  encapsu la t ion  
i n  p o t t i n g  compound. I+  was concluded t h a t  t h e  power supply modcle 
w a s  a ccep t ab l e  f o r  i ts ,ntended use ,  w i t h  t h e  fo l lowing modifica- 
t i o n s .  To f a c i l i t a t e  s e t t i n g  the high v o l t a g e  ou tpu t  and t h e  star 
p r e s e x e  s i g n a l  w i t h i n  s p e c i f i c a t i o n s  , an a d d i t i o n a l  selected 
r e s i s t o r  would be added t o  t h e  c i r c u i t .  To p r o t e c t  t r a n s i s t o r  
Q2B from a c c i d e n t a l  over load ,  a 1000 ohm resistor would be i n s e r t e d  
between t h e  emitter ana Q2B and E12.  

SALT FOG TEST O F  BERYLLIUM PROTECTED WITH 401-C10 ( 3 M  CO. ) 

R e l i a b i l i t y  report ARR-47 described t h e  eva lua t i on  o f  401-C10 
( formerly s l ack .  Velvet )  a s  a p r o t e c t i v e  c o a t i n g  f o r  bery l l ium and 
b i - m e t a l l i c  coup l ing  of be ry l l ium w i t h  aluminum o r  s t a f  n l e s s  steel. 
Procedure w a s  i n  accordance with ND 1002037. It was considered 
t h a t  410-C10 used with Dupont L ine  65  Preparako te  Pr imer  d i d  no t  
corrode .  Other  samples wi thou t  primer d i d  corrade .  
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5 .5  SUMMARY OF YEAR ENDING 1966 

5 , 5 , J ,  I n t r o d u c t i o n  

tjc_tn ; i u a l i f i c a t i o n  Program w a s  completed on 1 4  Oc tobe r  1966, 
F i n a l  r e p o r t  KI-AR-FR-100 w a s  s u b m i t t e d  on  25 October  1966, 

R e l i a b i l i t y  p r e s e n t a t i o n s  were made t o  AC a s  p a r t  o f  t h e  
  pol lo Programs p r e s e n t a t i o n  on 1 November and  8 December 1966, 

Q u a l i f i c a t i o n  T e s t s  were completed on a l l  mul t i - speed  
r e s o l v e r s  and  f i n a l  test r e p o r t s  on 1011294 and 1012065 (CPPC) 
were s u b m i t t e d ,  

Tempe r a t u r e -  t o r q u e  tests on AGE 1 2  4 were completed,  

Data w a s  completed and s u b m i t t e d  on t h e  motor- tach temp- 
e r a t u r e  g r a d i e n t  e v a l u a t i o n  conduc ted  from 27 September - 28 October 
on a 24 hour ,  7  day week basis,  

The f l i n a l  T e s t  Report w a s  s u b m i t t e d  on Eyepiece  Stowage 
C o n t a i n e r  Q u a l i f  i c a t i a n ,  

The EPT Program w a s  comple ted  and r e p o r t s  w e r e  s u b m i t t e d  
on P / N  2012497 SXT Reticle, P / N  Mirror 2011259 and  LEM Mirror, 
P / N  6011029, 

5.5.2 Mayor R e l i a b i l i t y  Problems 

S O L W M  MOTOR PROBUM. S i n c e  1 2  November 1966, Kollsman's  
  pol lo R e l i a b i l i t y  group w a s  engaged i n  an i n t e n s i v e  proqram t o  
resolve t h e  c o n t a m i n a t i o n  and l u b r i c a t i o n  prob lem on t h e  S o l v e r e  
motor ,  P / N  1012156, T h i s  was based upon a n  a n a l y s i s  o f  12 motors 
a t  AC, A s  a r e s u l t ,  AC i s s u e d  a S t o p  Work Order on OUA p r o d u c t i o n ,  

AC con tended  t h a t  t h e  hiqh stictior,  e x p e r i e n c e  i n  t h e  OUA 
Q u a l i f i c a t i o n  Un i t ,  AGE 1 2 4  r e s u l t e d  from motor con tamina t ion ,  
Kollsman t o o k  t h e  p o s i t i o n  t h a t  l a c k  of l u b r i c a t i o n  w a s  t h e  basic 
problem. 

I n  Kol l sman ' s  j u d g e r e n t ,  t h e  d a t a  p r e s e n t e d  d id  n o t  sub- 
s tan t ia te  AC' s c o n t e n t i o n  that c o n t a m i n a t i o n  caused  tne o p e r a t i n g  
problems e x p e r i e n c e d  i n  t h e  OUA Q u a l i f i c a t i o n  Un i t ,  AGE 1 2 4 ,  The 
s u c c e s s f u l  q u a l i f i c a t i o n  of the motor and  i ts  s a t i s f a c t o r y  o p e r a t i o n  
i n  OUA u n i t s  d e l i v e r e d  t o  d ~ t e  o f f e r e d  c o n c l u s i v e  proof of the 
o p e r a t i o n a l  c a p a b i l i t y  and the q u a l i t y  of workmanship r e l a t i v e  t o  
p r o c u r c ~ n e n t  speci. f i c a t i o n s  a d  i n t e n d e d  a p p 7 . i c a t i o n ,  
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Over a l o n g  period of t i m e ,  Kollsman had recommended a  
change t o  t h e  l u b r i c a t i o n  s p e c i f i c a t i o n ,  o r i g i n a t e d  by M I T / I L  
under t h e i r  d e s i g n  r e s p o n s i b i l i t y  t o  p r o v i d e  Kollsman R . e l i a b i l i t y  
w i t h  t h e  n e c e s s a r y  u p d a t i n g  o f  r e q u i r e m e n t s  f o r  a d d i t i o n a l  l u b r i -  
c a t i o n .  Kol lsman 's  concern  i n  t h i s  a r e a  w a s  r e f l e c t e d  i n  R e l i -  
a b i l i t y ' s  p r e s e n t a t i o n s  t o  AC. 

The r e q u i r e d  d e q r e e  of r e l i a b i l i t y  a t  t h e  par t s  l e v e l  w a s  
a c h i e v e d  th rough  t h e  i n i t i a t i o n  and  e v a l u a t i o n  of o t h e r  changes  
i n  t h e  motor d e s i g n ,  Under q u a l i f i c a t i o n  t e s t i n q ,  t h e  motors 
neve r  f a i l e d  t o  o p e r a t e  a t  l e v e l s  f a r  i n  e x c e s s  o f  r e q u i r e m e n t s  
imposed upon S o l v e r e  i n  t h e  ND s p e c i f i c a t i o n o .  

I n  order t o  i n v e s t i g a t e  motor c o n t a m i n a t i o n ,  e i g h t  motors 
were d i s a s s e m b l e d  a t  S o l v e r e  under  c o n t r o l l e d  c o n d i t i o n s ,  No 
e v i d e n c e  o f  c o n t a m i n a t i o n  w a s  found o t h e r  t h a n  t h a t  produced as  a  
r e s u l t  o f  f a b r i c a t i o n  o r  t h e  immediate resu!,ts o f  teardown,  
KoZlsman, however,  v i g o r o u s l y  i n v e s t i g a t e d  a l l  areas t h a t  c o u l d  
p o a s i b l y  c o n t r i b u t e  t o  t h e  al leged c o n t a m i n a t i o n  problem and 
implemented c o r r e c t i v e  a c t i o n .  Detailed >;.work p r o c e d u r e s  were 
g e n e r a t e d  f o r  r e c y c l e d  and new motors, 

Motors r e q u i r e d  for  OUA's  w e r e  d e l i v e r e d  to  Kollsman i n  
a manner f a r  e x c e e d i n g  e x p e c t a t i o n s ,  

THERMAL BLANKET OUA/LEM. The problems e n c o u n t e r e d  w i t h  
t h e  molding of  complex geome t r i c  s h a p e s  from p o l y u r e t h a n e  foam 
r e s u l t e d  i n  t h e r m a l  i n s u l a t i o n  b l a n k e t s  became t h e  p a c i n g  i t e m  
i n  t h e  f a b r i c a t i o n  o f  OUA/LEM e y e p i e c e s ,  

F a i l u r e  of t h e  vendor  to c o n s i s t e n t l y  del iver  parts  t o  t h e  
s t a n d a r d s  imposed by ND 1002288 r e s u l t e d  i n  a j o i n t  i n v e s t i g a t i o n  
i n t o  g e n e r a l  p o l y u r e t h a n e  molding t e c h n i q u e s  and materials by 
I;ollsman and AC E l e c t ~ o n i c s .  

5.5.3 P a r t s  a n d  M a t e r i a l s  Program 

5.5.3.1 S p e c i f i c a t i o n s  and P rocedures  

PROCUREMENT AND T E S T I N G  OF ANODIZED SAMPLES - T h i s  pro- 
~ :+3dures  c o v e r e d  t h e  procurement  and  t e s t i n g  o f  anod ized  t e ~  t 
samples .  Refe rence  : Apol lo  R e l i a b i l i t y  P rocedure ,  NO, 56, Pra- 
curement  and T e s t i n g  of  Anodized Test Samples",  d a t e d  1 June  1966, 

LOCTITE APPLICATION PROCEDURE FOR OUA/LEM ASSEMBLIES - 
 his p r o c e d u r e  o p t i m i z e d  the s e l e c t i o n ,  a p p l i c a t i o n ,  and use of 
~ o c t i t e  as a p p l i e d  t o  OUA and  AOT assemblies, Reference:  Apollo 
~ e l i a b i  li t y  P r o c e d u r e ,  \ i h 3  53, "Thermal Vacuum S p e c i a l  C o n d i t i o n i n g  
1012156-1.011 Motor T a c h m e t e r  c e n e r a t o r ,  (Refe rence  NASA P a r t  N o ,  

5-122 

I- 
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P HOCESS SPECIFICATION FOR MOLDING WITH POLYURETHANE FOAM - 
Procedure ,  ND 1002228, d e t a i l e d  t h e  p r o c e s s  by which a vendor  
manufac tu re s  t h e  f oam- insu l a t i ng  b l a n k e t  f o r  OUA e y e p i e c e s ,  

CLEANING, HANDLING AND STORqrX OF BERYLLIUM - T h i s  s p e c i -  
f i c a t i o n  e s t a b l i s h e d  t h e  materials and p r o c e d u r e s  u sed  i n  t h e  
c l e a n i n g ,  h a n d l i r g  and s t o r a g e  o f  b e r y l l i u m  parts, T h i s  was a 
working p roces s*  s p e c i f i c a t i o n  based  on A p o l l o  R e l i a b i l i t y  Pro- 
c e d u r e  N o ,  50, Reference  KPS-1003C, 701, 

GEARS - T h i s  s p e c i f i c a t i o n  e s t a b l i s h e d  t h e  minimum work- 
manship r e q u i r e m e n t s  f o r  hand l inq  and s s s e m b l i n q  g e a r s  f o r  OUA 
and LEM p r o j e c t s .  Reference:  KPS-1003~ie101, 

PRECISION BALL BEARINGS - T h i s  s p e c i f i c a t i o n  e s t a b l i s h e d  
t h o  minin\urn workmanship r equ i r emen t s  for the h a n d l i n g  and i n s t a l -  
l a t i o n  of p r e c i s i o n  b a l l  h e a r i n g s ,  Reference:  ICPS-1003H ,100, 

MODIFICATION OF WIRING iIARNESSES iUVD ASSEMBLIES - T h i s  
s p e c i f i c a t i o n  e s t a b l i s h e d  t h e  minimum workmanship r equ i r emen t s  
f o r  equ ipment  m o d i f i c a t i o n ,  Reference:  KPS-10034,102, 

SnI,VERE MOTOR TACHOMETER GENERATOR - Frocedures  were 
e s t a b l i e h e d  f o r  t h e  teardown,  i n s p e c t i o n ,  c l e a n i n g ,  and r e c y c l i n g  
of Motor Tachometer  Generators, PN 1012156. 

BLACK VELVET ON GLASS-EPOXY LAMINATE - Thermal-Vacuum 
p r o p e r t i e s  o f  Black-Velvet  400, PEJ 1012543-001, were i n v e s t i g a t e d  
to determine r e l i a b i l i t y  as a c o a t i n g  on f i b e r g l a s s  epoxy laminate 
on  top of t h e  pho to tube  s h i e l d .  Reference:  ApolPo R e l i a b i l i t y  
Report N o .  4 5 ,  " E v a l u a t i o n  o f  Black Velvet  400, PN 1012543-001 i n  
Thermal Vacuum, on Epoxy F i b e r g l a s s  Laminate ," d a t e d  29 November 
196  5 

DETERMINATION OF BERYLLIUM ANODIZE THICKNESS - Procedures  
were deve loped  to measure t h e  t h i c k n e s s  of Be ry l l i um anodize ,  The 
t h i c k n e s s  of t h e  a n o d i c  c o a t i n g  on a sample p i e c e  r e p r e s e n t i n g  t ? i s  
f i r s t  Sumnit o r d e r  fo r  panels was measured and conformed to ND 
1002127 and ND 1002127 and N D  1002296 and p a r a g r a p h  number 5 on 
P.0, AS-99179, 

WIRE SPLICE EVALUATXON - A comparison w a s  made betweea a 
f e r r u l e  splice (PN 10100952-002) and a Western Electric S p l i c e ,  
The tes t  r e s u l t s  i n d i c a t e d  t h a t  the Western E l e c t r i c  S p l i c e  was 
superior to t h e  crimp type, 

THE EVALUATION OF LOCTITE SEALANT UNDER THERMAL VACUUM - 
The o u t g a s s i n g  characteristics of L o c t i t e  le t ter  q r a d e  s e a l a n t s  
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we re e v a l u a t e d ,  Condens ib le  and noncondens ib le  o u t q a s s i n q  p r o d u c t s  
were i d e n t i f i e d  by mass s p e c t r o m e t r y  and i n f r a r e d  a n a l y s i s ,  The 
r e s u l t s  o f  t h e  e v a l u a t i o n  a r e  a s  f o l l o w s :  

a ,  Cured g r a d e  H V  L o c t i  te c o n t a i n e d  a r e l a t . i v e l y  v o l a t i l e  
p l a s t i c i z e r  which o u t g a s s e s  under  reduced  p r e s s u r e s ,  

b, P e r c e n t  w e i g h t - l o s s  i n  vacuum v a r i e s  i n v e r s e l y  t o  t h e  
h o i d i n g  power of  t h e  s e a l a n t ,  

c, Uncured Locti te e v a p o r a t e s  unde r  reduced  p r e s s u r e ,  

d ,  The c o n d e n s i b l e  gas porticbn of t h e  o u t q a s s i n g  p r o d u c t s  
from u n c u r r e d  grade HV s e a l a n t  is  composed p r i m a r i l y  
of t h e  basic L o c t i t e  monomer. The p l a s t i c i z e r  i s  p r e s e n t  
i n  small q u a n t i t i e s ,  

e, Cur ing  L o c t i  ted  assemblies i n  an  oxygen-f ree atmosphere ,  
such  as d ry  n i t r o g e n ,  i n c r e a s e d  t h o  t o t a l  amount o f  
s e a l a n t  c u r e d ,  

Refe rence :  A p o l l o  R e l i a b i l i t y  Repor t  N o ,  59 "The E v a l u a t i o n  of 
~ o c t i t e  S e a l a n t  Under Thermal-Vacuum, * d a t e d  30 J u n e  1966, 

u 
LOCTITE CURING TECHNIQUE - The i n v e s t i g a t i o n  i n t o  t h e  owt- 

g a s s i n g  p r o p e r t i e s  of L o c t i t e  S e a l a n t  made it n e c e s s a r y  t o  prepare 
a l a r g e  q u a n t i t y  of c u r e d  s e a l a n t .  One approach  w a s  t o  c u t  t h e  
samples i n  a n i t r o g e n  a tmosphere ,  By u s i n g  t h i s  t e c h n i q u e ,  L o c t i t e  
wag c u r e d  i n  "Q" pr imed open aluminum d i s h e s  w i t h o u t  need  o f  t h e  
u s u a l  conf inement  between m e t a l  s u r f a c e s ,  The r e s u l t s ,  u z i n g  this 
t e c h n i q u e ,  were s o  s u c c e s s f u l  t h a t  t h e  process w a s  i n c o r p o r a t e d  i n t o  
assembly p r o c e d u r e s ,  T h i s  minimized the i n h e r e n t  danqer o f  o u t -  
gassing f rom r e s i d u a l  uncured L o c t i t e  i n  mated assemblies, Reference  : 
& p o l l o  R e l i a b i l i t y  Memorandum N o .  86 " L o c t i t e  Cur inq  Technique".  

THE EFFECTS OF TflERMkS VACUUM ON THS BOND STRENGTiI O F  LOCTITE 
JOINTS - C o l o r  change and l o s s  of f l u o r e s c e n c e  of c u r e d  Loctite, 
w i t h  exposu re  to t h e r m a l  vacuum, indicated that e v a p o r a t i o n  of 
v o l a t i l e  c o n s t i t u e n t s  occurred. Lap s h e a r  data o b t a i n e d  i n d i c a t e d  
t h a t  exposu re  to thermal vacuum had little effect on t h e  bond 
s t r e n g t h  of t h e  Loctite. The large s c a t t e r  of l a p  s h e a r  r e s u l t s  
i n d i c a t e d  t h a t  p a r a m t e r s  , such as surf ace p r e p a r a t i o n  and clamping 
force d u r i n g  c u r i n g ,  musr be c l o s e l y  c o n t r o l l e d  i n  o r d e r  t o  o b ~ a i n  
rare uniform r e s u l t s .  A direct r e l a t i o n s h i p  e x i s t e d  between l a p  
shear s t r e n g t h  and breakaway t o r q u e  of t h r e a d e d  e l e m e n t s ,  Reference:  
  pol lo ~ e l i a b i l i t y  Repor t  No. 5 4  "Effects o f  Thermal  Vacuum on 
Loc ti ten. 

LUBRICATION M R  O W E  :, 'SPACE APPLICATIONS - A s t a t e - o f - a e -  
a r t  su rvey  was undertaken r a c e r a i n g  t h e  n a t u r e  of l u b r i c a n t s  f o r  fej 
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use i n  t h e  h a r d  vacuum of o u t e r  space.  S o l i d  F i l m s ,  p l a s t i c s ,  
r e i n f o r c e d  p l a s t i c s ,  s o f t  me ta l s ,  impreqnated b o d i e s ,  ceram.,cs 
and cements,  and bir.ary a l l o y s  were i n v e s t i g a t e d ,  The most 
promising t y p e s  were s o l i d  films, r o i n f  o rced  p l a s t i c s ,  s o f t  me ta l s ,  
and impregnated bodies .  Reference: S p e c i a l  P r o j e c t  Report ,  " ~ u b r i -  
c a t i o n  f o r  Outer  Space Appl icat ions1 '  , d a t e d  1 6  September 1966 ,  

LUXORB APPLICATION INVESTIGATION - The i n v e s t i g a t i o n  of 
Luxorb a p p l i c a t i o n  methcds i n d i c a t e d  t h a t  t h e  m a t e r i a l  was n o t  
s u i t a b l e  f o r  OUA/AOT o p t i c s .  Abrasion r e s i s t a n c e ,  adhes ion ,  and 
s t a b i l i t y  i n  space  envirorlments were g e n e r a l l y  poor ,  and were n o t  
improved by v a r i a t i o n s  i n  a p p l i c a t i o n  procedure ,  Reference: 
Apollo R e l i a b i l i t y  Report No. ~6 "Luxorb A p p l i c a t i o n  Procedure",  

RELIABILITY OF GRAY VELVET PAINT 401-B2 AS A PROTECTIVE 
COATING ON BERYLLIUM - Gray Velvet  c o a t i n g  on b e r y l l i u m  specimens 
( c o a t e d  and cu red  i n  t h e  same manner a s  the OUA) were i n t e n t i o n a l l y  
damaged and r e p a i r e d .  Repaired a r e a s  appeared  t o  be a s  qood as  
the  o r i g i ~ r a r  f inj .sh.  The e a s e  w i t h  whish damaqe was i n f l e c t e d  
i n d i c a t e d  t h a t  adhesion was poor. A s  a r e s u l t ,  the use of  a wash 
p r imer  undercoa t  was i n v e s t i g a t e d .  R e s u l t s  i n d i c a t e d  e x c e l l e n t  
adhes ion ,  Reference:  Apol lo  R e l i a b i l i t y  Report  N o ,  55 " R e l i a b i l i t y  
of Gray Velve t  P a i n t  401-132 a s  a P r o t e c t i v e  Coat ing  on Beryll ium," 
da ted  20 May 1966. 

FAILURE O F  DEUTSCIi CONNECTORS, PN 1010771 and PN 1012151 - 
~ e u t s c h  connec to r s  were under i n v e s t i g a t i o n  due t o  numerous f a i l u r e s ,  
(Pin  go ld  f l a k i n g ,  c racked  i n s u l a t i o n ,  b e n t  and misa l igned  p i n s ,  
improper s p r i n g  t e n s i o n ,  s c o r i n g  of s h e l l  p l a t i n g ,  poor chamfer on 
s o c k e t  c o n t a c t s ,  and r u p t u r e  of aluminum s h e l l  w a l l )  . Kollsinan 
i n t e g r a t e d  f a i l u r e  a n a l y s i s  e f f o r t  w i t h  AC and t h e  Deutsch Coripany. 
See wApol lo  F a i l u r e  Analys is  Report ,  No, 5-66-11", 

ARALDITE DP-116 - Quick c u r e  c a t a l y s t s  weye under e v a l u a t i o n  
f o r  the purpose of  adding a second source  vendor t o  t h e  QSL, ~ o s t  
p r o d s i n g  c a n d i d a t e  e v a l u a t e d  was f iysu l ,  H-3362. Lap s h e a r  specimens 
were prepared .  

WHITE VELVET PN 1012543-002 - KolLsman p e r f o m e d  tests t o  
defermine l o s s  of r e f l e c t a n c e  o f  White Velvet  after exposure  t o  
s o l a r  s i m u l a t i o n  under thermal vacuum environment,  Test s p e c i m n a  
were exposed t o  s i m u l a t e d  s o l a r  r a d i a t i o n  i n  a thermal  vacuum for. 11 
hours o v e r  a 24-hour period and t o  50O0~, f o r  16 hours ,  Ref l ec tance  
of test specimens was g r e a t e r  than t h e  85% accep tance  leveL p e r  
1 .  Reference:  ARR-49,  " R e f l e c t i v i t y  of White Ve lve t  a t  
E leva ted  Temperature and S o l a r  Rad ia t ion  i n  Thermal Vacu~m", 

FLEXIBLE CABLES P N  1012519 and 1012520 - Kollsman p e r f o m d  
humidity t e s t s  t o  determine q u a l i t y  of adhes ive  bond of RTV 881 m d  
RTV 6 0  t o  FFP and H - F i l m  FEP c a b l e  material. T e s t  r e s u l t s  showed 
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good adhesion on  RTV 60 t o  pure  11-Film sample. Reference:  ARR-50, 
"Humidity T e s t  j.n F l e x i b l e  Cables P o t t e d  w i t h  RTV-60 and RTV-771". 

 he procurement problem1 fo r  F l e x p r i n t s  PN 1012519 and PN 
1012520-1, -2 w a s  improved by t h e  a d d i t i o n  of  t w o  new s u p p l i e r s  
to  t h e  QSL (Garlock Inc .  and Electro-Mechanisms) a t  t h e  r e q u e s t  o f  
Apo l lo  ~ e l i a b i l i t y .  I n  a d d i  t i o n ,  Apol la  R e l i a b i l i t y  a s s i s t e d  Manu- 
f a c t u r i n g  ~ n g i n e e r i n g  i n  deve loping  a Kollsman c a p a b i l i t y  f o r  p o t t i n g  
c o n n e c t o r s  w i t h  a c c e p t a b l e  adhesion between t h e  FEP i n s u l a t i o n  and 
t h e  p o t t i n g  m a t e r i a l ,  

ECCODOND 55 PN 1012533 - Eccobond 55 was a c c e p t a b l e  t o  Y l T / Z L ,  
i n  p l a c e  o f  Cox and Company's 28  p r o p r i e t a r y  adhes ive ,  f o r  bonding 
of h e a t e r  pads t o  anodized aluninum and polyure thane  foam. Emerson 
and ~umminbs,  t h e  approved vendor f o r  Eccobond 55, w a s  g iven  approva l  
t o  submit  a C e r t i f i c a t e  o f  Compliance i n  l i e u  of meetinq requirements  
of para .  2,B,2 o f  SCD 1012533 p e r  Kollsman i n i t i a t e d  TDRR, 

BERYLLIUM PRISM MOUNT, PN 6011017 - Methy l e n e  ch lor ic le ,  
recommend.ed by Apol lo  R e l i a b i l i t y  a s  a s o l v e n t  f o r  Eccobond 55 i n  
removing l e n s  prism from mount; no d e l e t e r i o u s  e f f e c t  on b e r y l l i u m ' s  
black, anodize  f i n i s h  was observed.  

REVISED SHELF LIFE ITEMS - (1) She l f  l i f e  of l a c i n g  t a p e ,  
PN 1012507, was changed t o  six months. W r i t t e n  conf i rma t ion  from W 
vendor ,  Guddebrod Bors., w a s  s e n t  t o  Kollsman, Curing agent, 
1 2 - 0 0 7 ~ ,  PN 1010297, s h e l f  l i f e  w a s  changed t o  t.hree months, ( 2 )  
S h e l f  l i f e  of  Loctite w a s  chanqed t o  i n d e f i n i t e  w i t h  unopened 
bottles. W r i t t e n  conf i r r r a t ion  was s e n t  from t h e  vendor t o  K o l l ~ m a a ,  
( 3 )  S h e l f  l i f e  of Rubber Adhesive EC 1357 and EC P300L w a s  changed 
from f o u r  months t o  s i x  months f o r  unopened c o n t a i n e r s ,  

LUBRICANT VERIFXCATION - The t ~ t a l  q u a n t i t y  o f  l u b r i c a n t  i n  
b e a r i n g s  on PN 1012156-1, S/N's 1129: 1130, 1135 Motor Tachometer 
was determined,  The b e a r i n g  was randomly selected from a S o l v e r e  
l o t ,  which had been r e l u b r i c a t e d  by Bear ing I n s p e c t i o n  Labs, had 
s e r v e d  to v e r i f y  t h e  conformance t o  t h e  a l t e r n a t e  Method A procedure  
o f  ND 1002077. Reference:  Apol lo  R e l i a b i l i t y  Report  NO. 60 "Measure- 

. ment of Lubr ican t  Weight i n  Motor Bear ing  PN L012156. 

NYLON BELTS - The cause  o f  c o r r o s i o n  of OUA Srripping Con ta ine r s  
w a s  traced t o  the Nylon S l i n g s  used t o  remove the i n n e r  c o n t a i n e r  
from t h e  o u t e r  c o n t a i n e r .  I n f r a r e d  a n a l y s i s  of t h e  carbon t e t r a -  
c h l o r i d e  extract from t h e  belt i d e n t i f i e d  t h e  c o r r o s i v e  a g e n t  as 
a n  a r o m a t i c  s u l f  o n i c  ac id .  Reference : Apollo  R e l i a b i l i t y  Procedure 
N o .  6 1  "Contamination of Nylon S l ing" .  

EYEPIECE THERMAL INSULATION BLANKETS - The f a b r i c a t o ,  o f  
OUA/AOT e y e p i e c e  thermal  i n s u l a t o r s ,  had s e v e r a l  problems in 
s u p p l y i n g  p a r t s  which meet t h e  requi rements  of t h e  c o n t r o l l i n g  
Naviga t ion  Document, ND 10 02288. The s p e c i f i e d  ure thane  foam 
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m a t e r i a l ,  Uralane 577, d id  n o t  completely lend  i t s e l f  t o  t h e  
molding of complex geometr ic  shapes. Schedule  s l i p p a g e  was a n t i -  
cipated. Alternate materials were i n v e s t i g a t e d .  Polyure thane  
foam NO. 1 3 1 ,  manufactured by I s o c y a n a t e ,  Inc .  showed cons ider -  
able promise. The f a b r i c a t o r  t e s t e d  t h e  m a t e r i a l  and reques ted  
a u t h o r i t y  t o  use t h e  I socyana te  p r o d u c t  f o r  a l l  f u t u r e  orders. 
 he material w a s  e v a l u a t e d  and wa& used by Grumrnan on t h e  L ~ Y  
a t  i n t e r f a c e  areas. Ylollsman r e q u e s t e d  a formal  change t o  add 
t h i s  m a t e r i a l  as a n  o p t i o n  t o  ND 1002288. 

END CAP ROTATION ON RESOLVER PN 1012157 - I n  o r d e r  t o  i n s u r e  
posit ive l o c k i n g  between t h e  r e s o l v e r  c a s e  and t h e  end cap, t h e  
f o l l o w i n g  p r o d u c t  improvement was accomplished: 

A bead of  epoxy was added between the case and the end 
cap assembly. 

5.5.4 R e l i a b i l i t y  T r a i n i n g  Program fc?u Pe r sonne l  C e r t i f i c a t i o n  

The number o f  personnel  eerti. f i ed  and r e c e r t i f i e d  d u r i n g  
this r e p o r t i n g  period i s  as fol lows:  

CATE GORY NUMBER 

Welding 50 

Crimping and S o l d e r i n g  140 

P l a t i n g  32 

Loc ti te 24  

Heat T r e a t i n g  5 

TOTAL 296 

5.5.5 Extended Performance T e s t i n g  Program - 
TEST LOTS COMPLETED. For t h i s  r e p o r t  p e r i o d ,  87 test l o t s  

were completed, b r i n g i n g  the  t o t a l  number of test l o t s  completed t o  
d a t e  to  146. 

5.5.6 Q u a l i f i c a t i o n  - Test Program 

5.5.6.1 Command Module 
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sral - Technica l  D i r ec t i ve  K-80, Amendmnt 1, was 
fur ther - rndmed by Amndment 2. 

T e s t i n  - A s  i n d i c a t e d  i n  Table 5 -8 ,  a l l  parts  have 
conp l e t e  d qua i f  i c a t i o n  excep t  PN 1012157 Resolver  (CPPC) which 
was i n  process. 

MILESTONE ACCOMPLISHED. OUA Subsys tern, subassembly and ESC 
q u a l i f i c a t i o n  tests have been comple tad. 

General  - CCRD was tested s imul taneous ly  w i t h  Am. CCRD 
was s u p m y  AC. 

Milestones  - Schedul ing was based on completion o f  subsystem 
tes t ing  on lT February 1967. 

Details - Table 5-6 i n d i c a t e s  p lann ing  f o r  t he  subsystem. 

Table 5-6 

LEM SUBSYSTEM QUALIFICATION STATUS 

T e s t  'md 

Drawing No. 
P i a n '  Q u a l i f  i c a t f o n  T e s t  
Approval S t a r t  Complete 

F i n a l  
Report  Remarks 

Vibra t ion  and Shock t e s t i n g  was completed a t  AC and Accelera- 
t i o n  t e s t i n g  was completed a t  Kollsman. 

Documentation. - Table 5- 7 i n d i c a t e s  s t a t u s  o f  P lans  , Pro- 
cedures ,  and T e s t  Reports. 

Table  5-7 

LEM DOCUMENTATION STATUS 

P lans  Procedures Reports 

Total  Required 4 28 4 

Number submit ted  t h i s  
r e p o r t  period 1 9 0 

T o t a l  submit ted  4 22 0 



Table 5-$ 

APOLLO PARTS QUALIFICATION STATUS 

I T. P. and Test i 
Q. S. S. 

Qualification Test f YLnzl ! 
Drawing No. Part Type 1 h'o. Tr. I Appmml 1 SLart i Complete f Report f R e m r k s  

Resolver 

Differential 

Resolver Ass'y 

Projection Lens 

Connector 

Connector 

Connector 

Ceramic Capacitor 

Diode Silicon 

Photo Tube 

Transistor Si PNP 

Transformer Audio 

Diode Zener 

X Complete-Xot Qualified 

X Complete-Qualified 

Complete-(3uzli Ged 

X Complete-Qualified 

X Complete-C&aliF,ed 

X Complete-Qualified 

X Comp!ete-QualMed 

X Complete-Qualified 

X Complete-Not Qualified 

Tests  amcalled 

X CompIe'ie-Qu~lificd 

X Complete-Not Qualified 

X Complete-Not Qualsed  



Table 5-8 (Cont'd.) 

Resolver Ass1y 

Resolver Ass1y 

Resolver Ass1y 

lX, 16X Resolver 

Capacitor Ceramic 

Capacitor Tantalum 

Bower Transformer 

Power Transformer 

Resomtor 

Re sonator 

Resolver 

Resolver 

Capacitor Wet Slug 
Tantalum 

- 

Drawing No. 
- 

X X Clifton-Qualified 

X X Reeves-Qualified 

- - Bendix {deleted) 

P lc ted)  

X X Complete-Not Qualified 

X X Complete- Sot Qualified . 

X X Compl ete-Qualified 

X X Complete-Qualified 

Tests unce!!ed 

Tests canceiled 

037 C l i f t ~  

- - Kearfott (deleted) 

X Complete-Qualified 

Part 14vpe 

T. P. d 
8. S. S. 
So. Tr. 

Test Plan Qualification Test 

Approval Start f Complete 

_I 
Final 
Report Remarks 



T. P. and Test 
Plan Qualification Test B. S. S. Final 

Drawing No. Part rh>e No. Tr. Approval Start 1 Complete Report Remarks 

1012512 Counter Rotating 165-1 X X X X Complete-Qua1 ified 

1012519 Flex Print 170- 1 X Sanders- Complete 
C?~ralificd 

1012519 Flex Print 170-2 X 

10 12522 Flex Print (Cable) 169-1 X X . X 

2011701 SXT Index Head --- 
Ass 'y 

2007024 Head Elec. A S S ' ~  601 
(Traclter) 

HV Power Supply 602 
Ass'y (Tracker) 

Tuning Fark Ass'y 603 

Subsystem 

Eyepiece Storage 
Compartment 
with Eyepieces 

Flexci rcuits (deleted) 

Corn plete-Qualified 

Deleted 

Complete-No? Qualifiwl 

Complete-Qua1 ified 

C~mplete 

Complete 



KOLI-.$MAN INSTRUMENT CORPORATION 

5.5.7 F a i  lure  Analyses 

A summary of Apollo Fai lure Analyses Reports (AFAR) during 
the reporting period of 1966 includes: 

a. AFAR completed 
(See Table 5-9 f o r  details) 



Table 5-9 

FAILURE ANALYSIS COMPLETED 

Dcscripl ion --- --.-- ------ 
Plate Clulcll Il\cic>i.ioralior~ 

Beryllium 11li vror Scori~is and 
Co~ltnmli~i,?tio~l 

Bowtnw Cour~lcr 011 Functional 
Tester 

Nyloc Scrc\:,s, Prclor~ning hlethods 

AGE 202 Corrtn~ninnLion 

Spring Failure 

AGE 1-201 Co~ltnlllil\nt~on 

LEM ((301) Co~ltxlni:lation 

Dall Hearil~l: Evalu;itio~l 

AGE 204 Conf atl~irlntiorl 

Trim Moditlc F;?i lures 

Feathering on Threads of Manual 
Adjust 

Solvent Ilcsisln~icc Tcst o: Ol~ticn'L 
Conli~lgs 

Outer Tclcscol>? Till;:, A: :sc~nl~ly 
Torque vr, Strn!ri 

Rcfcrcrlcc 
-- .---.- - - 

FR No. 4514 

FH No. CG78 

FR Nor,. 0564, E5G5, 8568, 85'70, 
85'11, G573 and 12348 

FR No. GG95 

FR No. 121G 

Deutsch Co. Failure Analyiiis 

FR No. l13G 

FR No. 9531) 

Rcfcrcncc: C. E)ctanco:~rl 

FR No. 1120 

Rcfcrcnce; Conlan~innlion Colnm. 

Reference: Cc?ntanlin:rtion Colula. 

FR No. 1 lG4 

Rcferencc: G. Grubar 

Rcfcrcncc: S. Brush 

Hclcrcnce: I-I. Fistcl 

Ref 2rcllcc: 11. Fislcl 

FR No. $529 8 

FR Nos. 71\73, 7876, 9683, 7350 



KOL.LSMAN INSTRUhENT CORPORATION 

Table 5-9 (Cont'd,) 

Description 
---- --- --- - - - - 

Loclito Outgassin:; 

Groy Paint Atlhcsion lo Ccry)lium 

Nyloc Scrc\v Prcforln Co~~tn~*~illnlion 
under Co~~tr<~llcci Co~~ci~liotl:; 

Purgo Valve Evi~luat ion 

Panel Gasltcts PN 101 1745, 
SN 1036, 1037, 1039, l O 4 G  

Nicks and Dcnts in C ~ ~ ~ I I C C ~ O ~  S11:ll 

Nyloc Scrcw Slrowi~ag ncforlllcd Ny 1011 

aftcr Pl*eforln 

Analysis of I?lrticlcs Takcla From 
SXT Cavity After VibraLio~r 

Analysl s of P,ir.tlclcs T:tkcn From 
Tcleccopz Cwvity hitel.  \ribratioll 

Defects 011 Nc\:. Nyloc Sclse\l:s (PJylo~l 
and Mctal Bi~rrs) 

Photograp!iic Evi\lunlio~l of Cracked 
Plastics - Avionics Display Eystall~s 

X-ray Exan~ination of Ccramic Fracti~re, 
P N  20125GO 

Photo and IIzrdncso Test of Stairaless Stzel 
Ballo - -- 

Rclcrcrlcc -- -- - - ---.-- 
ARR No, 5'1 

A11It No. 55 

Reforcncc: F. Yn~lillc 

Itcfercncc: E. \?'instoil 

Refercnce: E. Winstoil 

Rcfercnce: F R  No. 1120 

Reference* M. Ltonctti 

Rcfcrence: A. Jullcr, Job 
No. 398000 

Refcrcnce: FR 1164 

Reference: FR 1120 
--- - --- -- - - --...- 
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Table 5-9 (Cont'd.) 

Descril~tio~l 
t ---.---.-- -- 

Elcctricnl Connector, PN 1001792-001 

Powerstat, PN 1017184 

OUA Co~ltamii~;i~ioi~, I'N 201 1000 

AOT Foreipl Pnrticlc Analysis, 
PN 601 1000 

Clifton Prccisioil A~lalysis Report, 
PN 1012157 

AC Bearing and Chcnlistry Repqrt, 
PN 101606-1, -2 

.Differential Failure, PN 1011281 

Crack in Shaft, Index Mirror, 
PN 2011258 

Deutsch Ca. Ai~alysis -Tech. Report 
No. 50135 

Dei~tsch Co. Ani\lysi~-Tech. iieport 
No. 50134 

DoutSch Co. Analysis-Tech. Report. 
No. 50130 - 

Reference 
- --- 

Ffi No. 0572 

FR No. 1146 

AFAR G-66-15 

FR No, 1150 

AFAR 06-17 

AFAR 66-18 

AFAR 66-19 

AFAR 66-20 

AFAR 66-21 

AFAR 66-22 

AFAR 66-25 

AFAR 66-24 
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Table 5-9  (Cont'd.) 

Elcctricnl Conamto~.,J'N i001792-201 1 0572 I 66-27 

SXT Eycpiccc Assembly, PN 2012699 1 94D8 1 66-26 

Cablo Asscmbly, Sl~cc!al Purposc Electrical, 
PN 0238G910G17 / 1108 

8CT Eycpiccc Assembly, PN 201271 9 1 8873 1 66-32 

Resolver Slip Ring-nrush Contnct 
Rosistanco, PN I. 001801 i 15035 I 86-33 
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5,5,8  - R e l i a b i i i t y  Reports  

5.5.8.1 (AAR-48 t h r u  AAR-62) 

The fo l lowing  a r e  synopses of  t h e  a c t u a l  R e l i a b i l i t y  
Repor t  Analyses,  

EFFECT O F  SALT FOG ON BERYLLIUM - R e l i a b i l i t y  Report ARR-48 
d o s c r i b e d  t h e  i n v e s t i g a t i o n  of t h e  e f f e c t i v i t y  o f  v a r i o u s  p r o t e c t i v e  
c o a t i n g s  i n  p reven t ing  o r  l i m i t i n g  t h e  c o r r o s i o n  o f  b e r y l l i u m  under 
rjralt fog  c o n d i t i o n s .  T e s t  r c s u l t s  i n d i c a t e d  t h a t  b lack  annodiz ing  
and 401-C10 (3M Co. w i t h  an a p p r o p r i a t e  p r imer  a f f o r d  e x c e l l e n t  
p r o t e c t i o n  t o  be ry l l ium under test c o n d i t i o n s ,  

REFLECTIVITY OF WHITE W L W T  AT I I I G H  TEMPERATURE AND UNDER 
SOLAR RADIATION I N  THERMAL VACUUM - R e  l i a b i  l i t y  Report ARR-49 
d e s c r i b e d  t h e  e v a l u a t i o n  o f  w h i t e  v e l v e t  c o a t i n g  (3V Co.) a t  h iqh  
t empera tu res  and under s o l a r  r a d i a t i o n  i n  the rmal  vacuum, The 
r e s u l t  i n d i c a t e d  t h a t  White Velvet  met t h e  85% minimum t o t a l  re- 
f l e c t a n c e  requirement  a f t e r  16 hours  exposure  a t  2 0 0 ~ ~ .  The t o t a l  
r e f l e c t a n c e  r e q u i r e r e n t  w a s  m e t  a f t e r  exposure  t o  one solar cong tan t  
of r a d i a t i o n  i n  thermal  vacuum. 

H U M I D I T Y  TEST ON FLEXIBLE CABLES POTTED VITH RTV-60 AND 
RTV-861 - ~e l i a b i l i t y  Report A R R - 5 0  d e s c r i b e d  t h e  e v a l u a t i o n  of  
t h e  adhes ion  of GE RW-60 s i 2 l c o n  rubber  t o  F'EP t e f l o n ,  FEP t e f l o n  
covered  Ii-Film and pure  H-Fi i n  f l e x i b l e  c a b l e s  and t h e  comparison 
w i t h  c a b l i n g  p o t t e d  w i t h  RTV-881 s i l i c o n e  rubber ,  The r e s u l t s  in -  
d i c a t e d  t h a t  all. samples f a i l e d  t h e  t e m p s r a t u r e / h W d i t y  tes t  
e x c e p t  pure  H-Fi lm p o t t e d  w i t h  RTV-60, which w a s  cons ide red  too 
s e v e r e  f o r  the environniental  c o n d i t i o n s  under a c t u a l  use, Other- 
w i s e ,  a l l  samples  e x h i b i t e d  good adhesion c h a r a c t e r i s t i c s ,  

TORQUE VS STRAIN I N  OUTER TELESCOPE T'WE ASSEMBLY P9 2011722 - 
R e l i a b i l i t y  Report ARR-53 d e s c r i b e d  a  s t u d y  of t h e  e f f e c t s  of t o r q u e  
and s t r a i n  on t h e  a l ignment  o f  t h e  i n t e r - t e l e s c o p e  t u b e  assembly. 
The f o l l o w i n g  f a c t o r s  were examined: 

- To determine whether o p t i c a l  a l ignment  is mainta ined 
w!ren a to rque  of 100  inch/pound is  a p p l i e d  t o  t h e  Lens 
Locking Ring. 

- TO determine whether a t o r q u e  (and r e s u l t i n g  s t r a i n  
p a t t e r n ) ,  lower t h a n  t h a t  s p e c i f i e d ,  can be a p p l i e d  
w i t h o u t  d i s t u r b i n g  t h e  o p t i c a l  a l iqnment .  

- TO e v a l u a t e  s t r a i n  p a t t e r n s  i n  t h e  o p t i c a l  system 
components be fore and a f t e r  v i b r a t ~ o n  t e s t i n g  when 
v a r i o u s  t o r q u e s  are appliecr 2 t h e  Lens Locking Ring. 
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- To det-ermine the e f f e c t i v i t y  of  an  Exper imental  
Re ta in ing  Ring Assembly t o  main ta in  o p t i c a l  
a l ignment  and law stress l e v e l  d u r i n g  v i b r a t i o n .  

- To determine whe the r  there is  deformat ion  of 
Lens Spacer  2011660 a s  a r e s u l t  o f  assembly 
and v i b r a t i o n .  

The fo l lowing  conc lus ions  were reached:  

- Using Kollsman assembly procedures ,  t h e  stress i s  
g r e a t e r  than  s p e c i f i e d ,  b u t  a f t e r  v i b r a t i o n  stress 
is  c o n s i d e r a b l y  reduced. 

- A s  s u f f i c i e n t  t o r q u e  t o  p r e v e n t  o p t i c a l  n i sa l ignment  
developed a tress c o n c e n t r a t i o n  which was improved by 
v i b r a t i o n ,  i t  was recommended t h a t  test procedure  
shou ld  be r e v i s e d  t o  i n c o r p o r a t e  v i b r a t i o n  be fo re  
i n s p e c t i o n  o f  t h e  stress p a t t e r n .  I f  stress i s  t o  
be reduced,  means would have t o  be found t o  p reven t  
l a t e r a l  movement of the o p t i c a l  component, s o  t h a t  
t o r q u e  l e v e l  cou ld  be reduced, 

- A d e f i n i t i v e  test  should  be performed t o  determine 
t h e  l e a s t  t o r q u e  a t  which any of the components 
under stress s u f f e r  permanent damage. 

- Loctite proved t o  be an e f f e c t i v e  p r o t e c t i n g  agent  
for t h e  exper imen ta l  r e t a i n i n g  r i n g .  T h i s  method 
a p p l i e d  t o  t h e  o r i g i n a l  r e t a i n e r  should  be i n v e s t i q a t e d ,  

- I n d i a  i n k  from t h e  b e a r i n g  s u r f a c e  o f  t h e  l e n s  
assembly was abraded and could contamina te  t h e  
q t i c a l  s u r f  aces .  Such marking should  be r e s t r i c t e d  
to s u r f a c e s  which d o  n o t  c o n t a c t  o t h e r  s u r f a c e s ,  

EFFECTS 03" THERMAL VACUUM ON LOCTIT3 - R e l i a b i l i t y  Report 
ARR-54 d e s c r i b e d  a s t u d y  of t h e  e f f e c t s  o f  thermal vacuum on 
Loctite. Co lo r  change and l o s s  of  f l u o r e s c e n c e  o f  cu red  L o c t i t e  
i n d i c a t e d  t h a t  e v a p o r a t i o n  of v o l a t i l e  c o n s t i t u e n t s  occur red  when 
it is exposed to  thermal vacuum. Uncured L o c t i t e  e i t h e r  c u r e d  
and/or e v a p o r a t e d  d u r i n g  thermal  vacuum t e s t i n g .  Lap s h e a r  d a t a  
i n d i c a t e d  t h a t  exposure  t o  thermal  vacuum has  l i t t l e  e f f e c t  on 
t h e  bond s t r e n g t h  of L o c t i t e .  There  w a s  a l s o  ev idence  t h e  pro- 
c e d u r a l  f a c t o r s  such  as s u r f a c e  p r e p a r a t i o n  and clamping f o r c e  
d u r i n g  c u r i n g  must be c l o s e l y  c o n t r o l l e d  t o  o b t a i n  uniform 
r e s u l t s .  A d i r e c t  r e l a t i o n s h i p  e x i s t e d  between lap s h e a r  s t r e n g t h  
and breakaway t o r q u e  of threaded elements .  
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WLIABILITY OF GRAY VELVET PAINT 401-B2 ( 3 M  CO.) AS A 
PROTECTIVE CdATING ON BERYLLIUM - R e  l i a b i l i t y  Report  ARR-55 
desc r ibed  t h e  e v a l u a t i o n  of  t h e  r e p a i r a b i l i t y  o f  Gray Velvet  P a i n t  
40i-B2 a s  a p r o t e c t i v e  f i n i s h  on beryl l ium.  Gray Velvet  coated 
be ry l l i um speciments  were i n t e n t i o n a l l y  damaged and repa i red .  
The r e p a i r e d  a r ea s  apyearee t o  match t h e  o r i q i n a l  s u r f a c e ,  I t  was 
no ted  t h a t  the adhesion of t h e  c o a t i n g  to t h e  be ry l l i um s u r f a c e  was 
poor. The a p p l i c a t i o n  of a z inc  chromate pr imer  produced e x c s l l e n t  
adhesion,  

XNVESTX GATION OF LUXORB APPLICATION METHODS - R e l i a b i l i t y  
~eport  ARR-58 described t h e  i n v e s t i g a t i o n  of Luxorh a p p l i c a t i o n  
methods. I t  i n d i c a t e d  t h a t  t h e  m a t e r i a l  i s  n o t  s u i t a b l a  for 
approved components. Abrasion r e s i s t a n c e ,  adhesion and s t a b i l i t y  
i n  space environment were g e n e r a l l y  poor  and were n o t  improved by 
v a r i a t i o n s  i n  a p p l i c a t i o n  procedures.  

EVALUATION O F  LOCTITE SEALANT UNDER THERMAL VACUUM - R e l i -  
a b i l i t y  Report ARR-59 described t h e  e v a l u a t i o n  of Loctite s e a l a n t s  
under t h e r m a ~  vacuum. The ou tgass inq  c h a r a c t e r i s t i c s ,  condensible  
and non-condensible were i d e n t i f i e d  by mass spec t rometry  and infra- 
red ana lyses .  Cured grade AV L o c t i t e  con ta ined  a r e l a t i v e l y  
v o l a t i l e  p l a s t i c i z e r ,  which outgassed  under reduced p ressure .  Pe r -  
c e n t  weight b o s s  i n  vacuum v a r i e d  i n v e r s e l y  t o  t h e  ho ld ing  power 
of the s e a l a n t .  Uncured L o c t i  te evapora ted  under reduced p ressure .  

MEASUREMENT O F  LUBRICANT WEIGHT I N  MOTOR BEARING P/N 1012156 - 
~ e l i a b i l i t y  Report  ARR-60 described t h e  i n v e s t i g a t i o n  t o  determine 
t h e  q n a n t i t y  o f  l u b r i c a n t  t o  be a p p l i e d  t o  t h e  bea r ing  of 'totor- 
Tachometer Connector (So lve re )  P/N 10 12156. The a l t e r n a t e  method A 
of procedure ND 1002077 was found s a t i s f a c t o r y .  

CHEMICAL ANALYSIS OF NYLON S L I N G  P/N 1001699 - R e l i a b i l i t y  
Report  ARR-61 de sc r ibed  an i n v e s t i g a t i o n  of Nylon S l i n g  P/N 1001699, 
which was suspec t ed  of caus ing  t h e  co r ro s ion  o f  cadmium p l a t e d  p a r t  
of s h i p p i n g  c o n t a i n e r  P/N 1019720. I n v e s t i g a t i o n  r evea l ed  t h a t  
v a r i o u s  chemicals  w e r e  present i n  t h e  nylon s l i n g .  I t  w a s  recommended 
that t h e  nylon s l i n g  should be degreased, washed and oven dried to 
remove contaminants.  

GRAY AREAS IN BERYLLIUM A N O D I Z I N G  - R e l i a b i l i t y  Report ARR-62 
i n v e s t i g a t e d  t h e  co r ro s ion  r e s i s t a n c e  of the gray area of an anodized 
be ry l l ium p a r t .  The sample was submit ted t o  t w o  cyc les  o f  s a l t  spray 
t e s t i n g .  The test  r e s u l t s  i n d i c a t e d  that t h e  gray  areas a r e  r e s i s t a n t  
t o  c o r r o s i o n ,  

L USE O F  CADMIUM PLATING - R e l i a b i l i t y  Report ARR-62 desc r ibed  
t h e  i n v e s t i g a t i o n  to  de tarmine p o s s i b l e  con5 :quences of us ing  cadmium 
p l a t i n g  i n  space. Cadmium is i n t r i n s i c a l l y  a very v o l a t i l e  metal and 
under reduced pressure could vapsrf ze , s i l v e r i n g  optical parts  a d  
contaminat ing  metal parts; cadmium vapors  couid a l s o  be a h e a l t h  
hazard to  thz crew. Cadmium is n o t  suited f o r  use  i n  o u t e r  space, 
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5.6 SUMMARY OF YEAR ENDING 31 DECEMBER =- 1967 

5.6.1 I n t r o d u c t i o n  

Q u a l i f i c a t i o n  T e s t s  were completed on t h e  LM AOT (604) 1 
February 1967, and t h e  f i n a l  test r e p o r t  were submi t t ed  1 5  February 
1967. Table  5-10 summarizes t h e s e  f i n d i n g s .  

R e l i a b i l i t y  p r e s e n t a t i o n s  were made t o  AC as p a r t  o f  the 
  pol lo Programs p r e s e n t a t i o n  9  January and 9  February 1967. 

R e q u a l i f i c a t i o n  T e s t s  o f  t h e  OUA w i t h  1012156-4 motors was 
completed on 23  March 1967. A f i n a l  report w a s  submi t ted .  

EPT T e s t i n g  was completed on a l l  s i x  Dove P r i s m s ,  PN 2011153, 
one  B e a m  S p l i t t e r ,  P N  2012222, one Mirror, PN 2011260, and one 
R-eticle (LM) P N  6011430. 

5.6.2 Major R e l i a b i l i t y  Problems 

5.6.2.1 Beryl l ium Corros ion  

Beryllium c o r r o s i o n  has  been n o t e d  on t h e  e loxed  a l d  machined 
i n t e r f a c e  s u r f  aces of t h e  Optics Base i n t e r i o r .  

Analys i s  i n d i c a t e d  t h e  c o r r o s i o n  t o  be b e r y l l i u m  hydroxide,  
p robably  due to  carbide i n c l u s i o n s  and o t h e r  i m p u r i t i e s  on t h e  
s u r f a c e  of e l o x e d  w a l l s .  

I n v e s t i g a t i o n  w a s  made t o  f i n d  a method o f  removing and in -  
h i b i t i n g  t h e s e  contamina t ion  sites. Be p a s s i v a t i o n  t r e a t m e n t  was 
subsequen t iy  developed to  r e t a r d  t h i s  c o r r o s i o n .  

I t  w a s  a l s o  recommended t h a t  a p e r i o d i c  n i t r o g e n  purge should  
be performed a f te r  OUA d e l i v e r y .  
5.6.2.2 S e x t a n t  - S h a f t  and Trunnion Drive Axes S h i f t s  (OUA) 

During v i b r a t i o n  tests, t h e r e  w e r e  s h i f t s  i n  t h e  s h a f t  d r i v e  
axis  and i n  the t r u n n i o n  d r i v e  a x i s .  The s h a f t  d r i v e  a x i s  problem 
w a s  s o l v e d  by the i n t r o d u c t i o n  of  an epoxied  wedge. me t runn ion  
d r i v e  a x i s  problem was minimized by co-planer  l a p p i n g  o f  mounting 
pads, e x t e n s i v e  c l e a n i n g  of pads and an i n c r e a s e  i n  s p r i n g  washer 
force. 

During thermal  vacuum tests, there were s h i f t s  i n  t h e  t r u n -  
n i o n  drive a x i s .  I n v e s t i g a t i o n  showed t h a t  stresses i n  the mirror 
axis cause  the s h i f t .  New b e a r i n g s  were desic,.~ed to e l i m i n a t e  
stresses. T e s t s  i n d i c a t e d  a t  0 ° ,  36O and 9 0 ° .  A t  A c e s  d i r e c t i o n ,  
the o r i g i n a l  b e a r i n g s  were r e - i n s t a l l e d  and a new c a l i b r a t i o n  pro- 
cedure  was developed. 



Table 5-10 

AOT QUALIFICATION 
FAILURE SUMMARY 
LM AOT 604 S/N 10 

FAILURZ RECORD ! FAILURE RECORDED 1 FAILURE HETOR 
l i T u 4  1 1 I I ~ p c r .  I 
o. 1 Date I ~'pt .h 'o .  tn 1 Environment Location 1 

i I I I 
- 

1 i 1 101 6/66 AC 13721 I ~0 .1  IMUIAOT I I Paint chrpped off AOT Housing a rea  1 Qua1 V~bration / ~ l ~ u k e e  where accelerometers were 

Post Ihf'cltAOT 
Qua1 Mbratron 
Testing 

I 
Post IhfUIAOl 
Qua1 Vrbrrtton 
Testing 

Post IMUIAO'I 
Our1 Vrbratron 
Testing 

Tesirng 

Bameltne Test 
Post XMUIAOT 
Qurl Vibration 
b Shock Testing 

ACED 
M~lwaukee 

i 
ACED 
MrlwauLee 

mounted 

A 0 1  Housrng surface dr rl y. Just 
external to spacecraft rnterface. 

AOT Nav. Base hlountrng Pads 
(all four) exhibit scorrng. 

. 
I. Forergn pusclem on r e t ~ c l e  b 

ispherrc lens. Blemish on 
rctrcle plane (8) eight trmes 
thrckness a4 retrcle ltne. 

2. Separatron d reticle lamp 
leads at b m p  Hourrng Army 
~ t h  one conductor ezposed. 

3. Screws on counter cover 
plate loose. 

Retrcle cursor readoat at  900 i s  
90°2'20"; hltral  h s e l t n e  value was 
9O0OL'08" 
KIC-C I 2 8 .  Limit i 90°00'00" 
*_ 60". 

Pa~n t  chipped =If when 
accelerometers were 
removed 

G u m r  I* unknown. 
Surprct dry lube film 
from h l ball mearm ol 
the F a  gation h s e .  

Suspect condrtron I* caused 
by low torque value rued 
to mount AOT to Nav. &me. 
CAEC uses 6 5 ~ 1 5  in-I&. 

I. Luxorb fla&ry off 
0ptlc8l elementm. 

habllrty d obmewer to 
interpo1a.e counter to bc.ler 
than *_ 36". Readrngs to a 
cena in  extent a r e  subjective 
in nature. 

Un.t cleaned a d  reworked follomng 
complet~on d acceleratron test at 
Kollmman Inmtr. b r p .  No futlher 
correcttve action requared m~ncc 6s-  
crepaniicm were r emult d spect.l tes ts  
performed at ACED. M~iwaubee. 

Same am C I A  for  AC 13721 
hem I above. 

Recommend tncreasc IF torque 
reqtu rementm. 
ACEDIGAEC accron. 

I. Untt orrgrnally sold df wate this c d -  
tton L accepted v ~ a  Warver OIQC C-241. 
TDRR 3 1700 replaces k u o r b  with 
Black Velvet &FP LCE-6B. 

2 .  Md~tronal  rnspecrion procedur+s 
~ncorpordted for more  s t  rangent 
monltorln@ durrng stage. 

3. Prelrmlnary dearan c h n g e  submatted 
to AC Dectronrcm. 

FXO 120144-L Reading. to be taken at 
15' freld of vtew tnstead d u lo0 k- 
cause system Locus I* r~prmt+ed at lSO. 
Amo. tmtead d talung 11) une readan@. 

(10) readmgs wall k t a n  
a d  wtat~mtlrally avera#ed t o  elarnssue m y  

I I I I I erroocoru readings close au. 
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r 
ITEM 
KO. 

6 

I 
i 
I 

8 

I 
I 
10 

I I 

1L 

I3 

1 
i 

Optr.  
Trme 

36 

94 

292 

292 

577 

578 

578 

6 3  

FAILL'RE RECORD 1 FAILURE RECORDED 
--- 

FNLURE H I S P  '2.1 

Symproms 

Precrsron flarged bushlna P1.1'6011092 
located nearest head prrsm.had burr 
on ~ t s  1. D. surface. 

Star LOS "F de:ent a t~rnuth  dd -  
lerencr rs 65 sec. brnrt +_ 21 sec. 
Ertvaaon daffcrence IS  39 sec.  
Lmlt  IS 2 IS sec. 

Xkflerence ~n reticle cbrror  read- 
out a:curacy 1s 43 sec. Mar. 
allowed 18 36 s rc .  

Refer to 1432 I .  kern 7 above. 

Retrclr power match at L2.S0 ftrld 
rettcle read 31°SS' 19' . Readlnp 
should be 3L01.S2": 87. -86 sec.  

fif1erence in  r e t ~ c i e  pover m tch 
readtngs at IS0 11cld. Before and 
after thermal vacuum rs 4 1 aec 
Lml t  + 28 sec. 

Refer to 14321. hem 7 above. 

Counter posrt~on at 90° Recorded 
data I* 82.559 drg. Sp r .To l .  
82.  SO1 dee to 82.537 dcg. 

l b t e  - 

11 12 1166 

12/16/66 

Envl ronmcnt 

Post Acceleration 
Banellnc 
Ve rtfrcatlon 

R'pt No. Em: 

16202 

1432 1 

Cause 

1. Bushrng hardness was 
per prrnt but below 
ND requr rement . 

2. Ehrr I* probably resutr d 
mount~na A 0 7  on 
uceleratron fixture. 

Possrble cause. Relaaac~on 
of taper prns. 

Out of spec condlrlon cdused 
by rmpropcr .caving and 
al~gnment technrque of the 
olartrc aperture stop prror 
to Functtonal Test. 

Refer to 1432 I. 
hem 7 above. 

Out of spec cor.drtion carued 
8). impropeu meatrng and 
alignment techmques of :be 
plastrc aperture stop. 
p n o r  to Funct~onal Teat. 

Refer t o  1432 I. hem 7 above 

Smrc ss Cause 14325. 
Item 8 above. 

Locatton 

Kollsmm 
ins:r. 

I 

- 
b r r e c t r v e  Art~on 

1. TDRR 31649 adds new note to  SCD 
66 11092 ro have bushrng h a t  treated 
to RC 3 4 4 1  per ND 1002114. 

2. a n g e  rn RbT bpiurara ty  
eatablrsbed after assembly. 
Uoae Out. 

a.  lnterrm CIA . 
1. M d d  s e t ~ i ~ n g  r~bra t ron 

EiF. LCE-606. 
2. Se: bearing preload to hreh pornt. 

b Failure A-aIysrs requested 1/21 167. 

A 0 1  604 I S  last w z  .nth long eyeprec* b 
plasclc apenure  stop. Am pcrfD1R31123 
AOT 605 a d  up -111 have ohon eyepcce  
and m 1.1 aperture stop mtb rnowu. Tlum 
prcverus misalgranent d stop r luch 
cause* p r r a l l u  and r e a u l n q  errorm. 

Ileicrt o I432 1. bem 7 abova. 

S m e  a s  C I A  lor  14325. k m  L above 

lu lure k u l y s r r  requer ed 1/27/67 

Refer to 1432 I. kern 7 above. 

S u n e  a. CIA for 14325. kern 8 &owe. 

Pre-c l~mat lc  Kollsman 

111/6t 

1/9/61 

1 12 1 I67 

1/21/67 

ll21167 

ll241167 

Instr. 

Ko:lrman 
Instr. 

Kollsman 
Inrtr. 

Kollsmm 
h s t r .  

Kollsman 
Insr r. 

Kolloman 
Instr. 

Kollsman 
h t r .  

Base11ne 

14325 

14321-1 

14233 

Post Gromd Temp 
Baoeirne 
Ve-~ficat~on 

Post Ground Temp 
Ekisel~ne 
Ve r ~ f ~ c a t l o n  

Post Thermal Vac 
Basel~ne 
Venfrcatron 

14235 Post Thermal Vac 
Baseline 
Verr f~cat~on 

04321-2 Post Thermal Vac 
&re lane 
Verrftcarron 

14234 Poat Cabin 
Atmosphere 
Bareline 



ITEM 
Xo . 
14 

IS 

16 

17 

18 

19 

LO 

2 I 

Correctire keioa 

Reler to I4311. k . n  1 a b w e  

Refer to  14233. kern 10 above. 

Refer to 14235. ken% 11 & w e .  

Refer to  145L 1. tom 1 abow 

M a r  to  14235. kcn I1  . b r m .  

FAILURE 

h w ~ m n m e n t  

Port Crbbn 
Atmasphere 
Baselrne 
Ve r111cat:on 

Post Cabrn 
Atmosphere 
Baael~ne 
Verification 

Post Cabi rn 
Atmobphere 
S e e l i n e  
Verrf~catian 

Poet Temp. 
Hurntdirl Paat . 
line Verificat~on 

Poat Temp 
Hum~dity Ehse- 
llae Verlfrcation 

Pomt T emp 
Humid~ry Base- 
line Verification 

Post Temp 
Humid~ty &me- 
lane Verif~cation 

Post Temp 
Humidity Base- 
line Ve rification 

G u r e  

R e k r  to  14321. &em 7 above 

R d e r  to  14233. hem 13 above 

Refer to 14235, hem 11 above. 

p o s i  bie C.uac: h lvbmC 
corrosion. Lamimilu  metal 
corract. mpecial test frxture to  
h 8 l e  b u n t e  r Worm Shrlt 

Refer no 1432 1 
Item 7 .bore 

Refer to 14235, 
kem 11 above. 

RECORDED 

Locat roa 

Kollmman 
hmtr. 

KolInmn 
l>mtr. 

ibllmman 
hmtr. 

Kollaman 
hmtr. 

Kollsmsa 
Inmtr. 

Kollsmm 
hmtr. 

Kollarmn 
hmtr. 

Koll*lran 
bmtr. 

ope?. 
T lme 

613 

613 

613 

677 

677 

677 

677 

617 

FAILURE RECORD ' 

I 

FAILLIRE HETORY 

S p p o m m  

Refer to I432 I. h u n  7 above. 

Refer t o  14233. hem 10 above 

Refer to 14235. bem 11 above. 

Foretgr: hfaterral deposit. on: 
I. Eyeguard PIN 6011814 
2. Ret~cle Control Knob PIN 601 1059 
3. Rcmsure Seal Rvng PIN 6011 156 
4. Worm & G a r  Houmiq &mv. 

PIN 60 11820 
5. L*nm Housing Thteadm 

PIN 60 I I034 
Part  No. inkins ille#ible. 

Ru8 on: 
1. Angle counter wrm ahaft 

PIN 601 1035C 
2. LocLng Lever Cam Yoke 

PIN 6011150 

b n d e r u u i o n  on inmidz mudbce d 
k y l e  Counter Wlndow PIN 1012524 

Refer to  143L I. hem 7 above 

Refer to  14235. hem 11 above. 

Lhte 

I /24k? 

1124'161 

I/&IIb7 

1130167 

Il?-0167 

1/30, ' 

1130167 

1130167 

I 
! 

I R'pl No. Dn 

1432 1-3 

14233-1 

14235- 1 

14236 

14237 

14238 

1432 1-4 

14135-1 

! 
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During manual d i rect  mode o p e r a t i o n ,  s e x t a n t  s h a f t  s p r i n g  
back,  up to 0 .4 ' ,  w a s  obse rved .  Kollsman i n v e s t i g a t e d  t h e  p ro-  
blem: s p r i n g  back was i n c r e a s e d  w i t h  gearbox  removed, and d i d  
n o t  o c c u r  when f l e x p r i n t s  were n o t  i n s t a l l e d .  Kollsman p r e p a r e d  
d e s i g n  s k e t c h e s  o f  v a r i o u s  f r i c t i o n  d r i v e  d e v i c e s .  AC c o n s i d e r e d  
a p o s s i b l e  electrical  c ~ n t r o l  c i r c u i t .  

When d r i v i n g  a t  l o w  s p e e d ,  d u r i n g  sys t em t e s t i n g ,  random 
o p t i c a l  h e s i t a t i o n  and speedup  was no ted .  I t  was found t h a t  t h e  
6 4 X  r e s o l v e r  l e a d  wind-up f o r c e  and a n t i - b a c k l a s h  spring f o r c e  were 
about  e q u a l  a t  one  time and tended  t o  buck each  o t h e r .  A f t e r  i n -  
v e s t i g a t i o n ,  Kollsman d e s i g n e d  a new s p r i n g  (P/N 2012767) , which 
s o l v e d  the problem. 

5.6.2.3 E v a l u a t i o n  o f  Thermal B lanke t  f o r  S e x t a n t  Eyepiece  

Pa rame te r s  w e r e  e s t a b l i s h e d  f o r  a  t h e r m a l  b l a n k e t  to  be i n -  
s t a l l e d  i n  the s e x t a n t  e y e p i e c e  and t h e  t e l e s c o p e  p r i sm hous ing .  
No i n f o r m a t i o n  was a v a i l a b l e  for foam m a t e r i a l  i n  an oxygen env i -  
ronment or for b u r n i n g  rate,  odor, t o x i c i t y ,  f l a s h  and f i v e  p o i n t  
o u t g a s s i n g .  Vendor samples were u n s a t i s f a c t o r y  because  o f  i n t e r n -  
a l  v o i d s  a n d  l o o s e  s k i n .  A l t e r n a t e  materials from I s o c y a n a t e ,  
Fresman Chemical ,  NoPco and P roduc t  Research were e v a l u a t e d .  
Kollsman also i n v e s t i g a t e d  s o l i d  u r e t h a n e s .  

5.6.2.4 Motor Tachometer G e n e r a t o r  ( S o l v e r e )  

mo f a i l u r e s  o c c u r r e d  i n  t e s t i n g  S o l v e r e  motor t achomete r  
g e n e r a t o r s .  S/N 1 3 0 1  and 1302 showed axees skve  s t a t i c  f r i c t i o n ,  
S/N 1302  a f t e r  test equipment  f a i l u r e .  A f t e r  d i s a s s e m b l y ,  s c o r i n g  
proved t o  be machining marks and n o t  rub marks.  On S/N 1302,  a 
s o f t  g r e e n  d e p o s i t  w a s  c h e m i c a l l y  i d e n t i f i e d ,  b u t  i ts s o u r c e  w a s  
n o t  found. I t  w a s  conc luded  t h a t  this d e p o s i t  had  no e f f e c t  on 
the problem. There  was e v i d e n c e  o f  c o n t a c t  wear between t h e  re- 
tainer and the i n n e r  r i n g .  N o  wear of b e a r i n g s  w a s  no t ed .  I t  
was conc luded  t h a t  t h e  v e n d o r ' s  p r o c e d u r e s  were s a t i s f a c t o r y .  

5.6.2.5 Reso lve r  Loading 

AC'S sys t em tes t  i n d i c a t e d  a s h i f t  from z e r o  i n  t h e  64X re- 
s o l v e r .  KoPlsman checked peak-tc-peak v a l u e s  and  found s i g n i f  i- 
c a n t  d i f f e r e n c e s  f rom r e s o l v e r s  wi4:ir l o a d  and those w i t h o u t  load. 
It w a s  found t h a t  t h e  15K ohm s h u n t  on the 5K ohm F i n e  Reso lve r  
Load r educed  e f f e c t i v e  load to  4.8K ohms, b u t  w a s  n o t  c r i t ica l .  
Using vendor  tests as a s t a n d a r d ,  c o n n e c t i n g  the r e s o l v e r  l o w  ends  
W I ~ U L ~  rlround p r o v i d e s  t h e  l a r g e s t  peak-to-peak error r e a d i n g s ,  
as much a s  a arc s e c o n d s ,  b u t  n o t  i n  a c o n s i s t e n t  p a t t e r n .  When 
a ground  w a s  c o n z z ~ t e 3  t o  t h e  l o w  e n d s ,  peak-ta-peak v o l t a g e  w a s  
a s  much as 6 arf:  second^^ w i t h  no c o n s i s t e n t  p a t t e r n .  I t  was 
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conc luded  t h a t  the existing JDQ's s h o u l d  be c o n t i n u e d  as vendor 
component data is  d u p l i c a t e d .  f t  w a s  reconmended t h a t  t h e  sys tem 
c a b l i n g  s h o u l d  be r e v i s e d  f o r  ~ n b a l a n c e d  c a p a c i t i v e  l o a d i n g .  

5.6.2.6 SCT Manual A d j u s t  Knob 

When i t  was d i s c o v e r e d  t h a t  the  manual a d j u s t  knob occas ion -  
a l l y  was s l u g g i s h  or jammed, Kol l snan  r e d e s i g n e d  t h e  assembly by 
chamfer ing the "0" r i n g  s e a t ,  added a s p r i n g  washe r ,  m o d i f i e d  t h e  
s p r i n g  l e n g t h .  

5.6.2.7 I n v e s t i g a t i o n  o f  Non-Metal l ic  Materials 

Kollsman i n s t i t u t e d  a s e a r c h  f o r  f i r e p r o o f  o r  f i r e  r e t a r d e n t  
material i n  an  oxygen environmznt .  S u b s t i t u t e  material were con- 
s i d e r e d  f o r  

AOT seal P/N 6011143 

AOT and OUA Eyeguard P/N 2011279, 2011974 

AOT and OUA I n s u l a t i n g  B l a n k e t s  P/N 2012606, 2012687, 
2012688, 201 2711, 2015714, 2012715, 6011138, 6011139. 

5.6.3 P a r t s  and M a t e r i a l s  Program 

5.6.3.1 S p e c i f i c a t i o n s  and P rocedures  

OPTICAL BASE - PN 2012663 - P r o c e d u r e s  were e s t a b l i s h e d  f o r  
t h e  h a n d l i n g  and  c l e a n i n g  of t h e  O p t i c a l  Base, p r i m a r i l y  f o r  t h e  
ramoval  and p r e v e n t i o n  of c o r r o s i o n .  Refe rence  : Apol lo  R e l i a b i l i t y  
P rocedure ,  NO. 59. 

5.6.3.2 P a r t s  and  M a t e r i a l s  E v a l u a t i o n  

NITRIC A C I D  AND BERYLLIUM ANODIZE - Flaking of t h e  a n o d i c  
s h e l l  on the seal area of the telescope p a n e l  was traced to  the 
n i t r i c  acid-ammonium b i  fluoride s o l u t i o n  used by the vendor  t o  
clean t h e  chamfer  area r s i ~ r  to anod iz ing .  The vendor  compl ied  
w i t h  t h e  recommendation t o  e l i m i n a t e  t h e  u s e  of this mix. 

TEFLON FINISH PN 1010666 & PN 1010667 - T e f l o n  f l a k i n g  from 
t h e  SXT Mirror Housing and Eyepiece Assembly, PN 2012719, was 
c a u s e d  by poor f u s i o n  between t h e  p r i m e r  a n d  the t o p c o a t .  In-  
c r e a s i n g  the c u r e  tcmperstuxe to 750°F on t h e  i n i t i a l  coat of FEP 
r e s u l t e d  i n  a f i n i s h  w i d 1  a t  least 20 t i m e s  t h e  a b r a s i o n  r e s i s t a . n c e  
p r e v i o u s l y  a t t a i n e d .  A change was made t o  ND 1002067, c a l l i n g  f o r  
the 750°F c u r e  t empera tu re .  (TDRR 32933) 
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ANODIZED BERYLLIUM - An i n v e s t i g a t i o n  was i n i t i a t e d  t o  de- 
t e rmine  t h e  c o r r o s i o n  r e s i s t a n c e  o f  the g r a y  a r e a s  f r e q u e n t l y  
found i n  t h e  recessed a r e a s  o f  anodized beryllium p a r t s .  T e s t  re- 
s u l t s  i n d i c a t e d  t h a t  t h e  g ray  a r e a s  pass  t h e  c o r r o s i o n  r e f t i s t a n t  
requi rements  o f  ND 1002296. Reference : Apollo R e l i a b i l i t y  Report, 
No. 62. 

CADMIUM PLATING ON NAS-1394-08 - An i n v e s t i g a t i o n  was i n i t i -  
a t e d  to  de te rmine  the p o s s i b l e  consequences of  us ing  cadmium 

I p l a t i n g  on QUA p a r t s .  As a r e s u l t ,  a recommendation w a s  made t h a t  
no cadmium or cadmium p i a t e d  p a r t s  should  be used i n  t h e  OUA. The 
recommended m a t e r i a l  was p a s s i v a t e d  s t a i n l e s s  steel. Reference: 
Apollo R e l i a b i l i t y  Report, N o .  63, 

FLEXPRINTS PN 1012519, 250-1, 250-2 - Spr ing  back o f  t h e  SXT 
s h a f t  was n o t e d  dur ing  open s e r v o  l o o p  o p e r a t i o n .  F r i c t i o n  o f  
t h e  f l e x p r i n t s  a g a i n s t  the wraparound c a v i t y  w a s  cons ide red  as a 
p o s s i b l e  cause .  An i n v e s t i g a t i o n  w a s  i n i t i a t e d  t o  determine t h e  
f e a s i b i l i t y  o f  l u b r i c a t i n g  t h e  f l e x p r i n t  b u t ,  based  on t h e  coe f -  
f i c i e n t  o f  f r i c t i o n  between t h e  f l e x p r i n t  i t se l f  and v a r i o u s  
l u b r i c a n t s ,  i t  became obvious  tha t  r a t h e r  t h a n  improve the lubri- 
c i t y  of t h e  f l e x p r i n t ,  it would add a p o s s i b l e  s o u r c e  of contami- 
n a t i o n  t o  the f l e x p r i n t  area. There fo re ,  it was recommended t h a t  
t h e  f l e x p r i n t  's i n h e r e n t  r e s i l i e n c y  be i n v e s t i g a t e d  as a c o n t r i -  w 
b u t i n g  f a c t o r  to  t h e  s p r i n g  back tendency,  Reference:  ApolLo Re-  
l i a b i l i t y  Report, N o ,  64. 

COVER AND BAFFLE ASSEMBLIES, PN 2012547, 675 and BLACK VELVET 
PAINT, PN 1012543-001 - Particles o f  a b l a c k  contaminant  were dis-  
covered  on t h e  OUA d u r i n g  v i s u a l  i n s p e c t i o n  after v i b r a t i o n  test- 
ing .  A s  a r e s u l t  o f  an i n v e s t i g a t i o n ,  it was determined t h a t  t h e  
contamina t ion  w a s  Black Velvet  p a i n t  emanating from t h e  i n t e r i o r  
p a i n t e d  s u r f a c e s  of t h e  cover  and b a f f l e  assemblies. The recom- 
mendation w a s  to black a n ~ d i z e  t h e  area i n  l i e u  of p a i n t i n g ,  
TDRR's  33158 and 33159 s e r v e d  t o  implement t h e  recommendation, 
Reference:  Apoflo R e l i a b i l i t y  Repor t ,  N o ,  66. 

EYEPIECE THER4AL INSULATORS - An e v a l u a t i o n  o f  t h e  molding 
characteris tics af f o u r  polyurethzne foams and one  polyure thane  
p o t t i n g  compound w a s  under taken,  u t i l i z i n g  a Mutoon PN 2832711A 
mold. Of the m a t e r i a l s  ,.esred, the most promising was Isofoam 
L-131. Reference:  Apollo R e l i a b i l i t y  Report, NO. 67, 

EFFECTS OF 10 PERCENT OXALIC ACID SOLUTION ON SPRAYLOT SC-1071 
PROTECTIVE COATING - Chemical removal o f  c o r r o s i o n  from be ry l l ium 
s u r f a c e s  r e q u i r e d  exposure  to a 10 p e r c e n t  o x t l i c  acid s o l u t i o n .  
T h i s  exposure  a d v e r s e l y  afzacted c e r t a i n  area? such  as i n s e r t s  and 
c r i t i c a l l y  machined s u r f  aces. Spraylog SC-10 71 proved to  be an 
effective means f o r  masking these cr i t i ca l  areas, Reference: 
Apol lo  R e l i a b i l i t y  Report, N o .  68, 
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COMPATIBILITY OF 2.1 PERCENT RIDOLENE SOLUTION WITH GRAY 
VELVET PAINT, PN 1012543-003 - The use o f  Ridolene 53  c lean ing  
compound on elementary be ry l l ium p r e s e n t s  no d i f f i c u l t y  . However, 
t h e r e  are many i n s t a n c e s  where p a r t s  have been coa ted  wi th  Gray 
Velvet P a i n t  and an i n v e s t i g a t i o n  was i n i t i a t e d  t o  determine the 
e f f e c t  o f  Ridolene on  these p a r t s .  The conclus ion  was t h a t  Rido- 
l s n e  fihould n o t  be used on p a r t s  coa ted  w i th  o rgan i c  f i n i s h e s ,  
n c t a b l y  Gray Ve lve t  P a i n t .  KPS-1003C. 7011B list8 a e v e r a l  a l t e r n a t e  
methods which may be used depending e n  t h e  s u r f a c e  f i n i s h  o f  the 
p a r t  t o  be c leaned .  Reference: Apollo R e l i a b i l i t y  Report ,  N o .  
ARR 70. 

LOT EVALUATION REPORT, WIRE, ELECTRICAL, TFE INSULATED, PN 
SO10789 - The purpose o f  t h i s  tes t  was to v e r i f y  t h e  a c c e p t a b i l i t y  
o f  the fo l lowing i t e m s :  

The test was performed i n  accordance wi th  MIL-W-22759. The re- 
sa l ts  i n d i c a t e d  that the w i r e  specimens s a t i s f y  t h e  spe:i  f ication 
requirements .  The r e s p e c t i v e  w i r e  s poo l s  were r a t e d  accep tab le  
for manufactur ing purposes.  Reference : A p o l l o  R e l i a b i l f  t y  Report, 
No.  69. 

EFFECTS OF 10 PERCENT OXALIC ACID SOLUTION ON THE DIMENSIONS 
OF BERYLLIUM PARTS - Oxal ie  a c i d  s o l u t i o n  was used to  remove cor- 
rosion from beryllium p a r t s .  The purpose o f  t h F s  evaluation w a 8  
t o  determine dimensional  loss versus  v a r i a t i o n s  i n  immersion t i m e  
and s o l u t i o n  temperature .  A f t e r  an immersion t i m e  of  one hour i n  
an  oxalic a c i d  s o l u t i o n  a t  a temperature  o f  SO0 to 60°C an average 
o f  0.6001 i nch  was removed from t h e  c y l i n d r i c a l  diameter .  Re- 
f e rence :  Apollo R e l i a b i l i t y  Report ,  N o .  71. 

5.6.4 R e l i a b i l i t y  Tra in ing  Program f o r  Personnel  C e r t i f i c a t i o n  - 
The number of personnel  c e r t i f i e d  and r e c e r t i f i e d  as r equ i r ed  

dur ing  1967, is listed as follows: 
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C a  teqory 

Welding 

Crimping and Soldering 

Pott ing 

Plat ing  

Wglo  
Heat Treatings 

Clean Room Proc. 

Number -- 
10 

21 

1 3  
2 

2 

5 

11 - 
Total 68  

5,6.5 Extev ded Performance T e s  t inq  Program 

TEST LOTS COMPLETED. In 1967, 39 test lots were completed, 
bringing the total  completed to  date  to 185. 
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5.6.6 p u a l i  f i c a t i o n  Teat Progrrm - 
5.6.6.1 Command Module 

PLANNING 

General .  A l l  t e s t i n g  w a s  completed. Submission o f  the f i n a l  
r e p o r m e  1012157 Resolver completed M e  program. 

I STATUS 

T e s t i n  . A s  i nd i ca t ed  i n  Table 5-11, a l l  parts have completed 
q u a l i  d ca ion .  

MILESTONEt' ACCOMPLISHED. Q u a l i f i c a t i o n  Teo t i n g  w a s  completed 
on a l l  Command Module parts ,  subassemblies and assemblies. 

PLANNING 

General .  F a i l u r e  a n a l y s i s  w a s  performed on the AOT counter  
and c-n problem. 

STATUS 

Documentation. Table 5-12 i n d i c a t e s  c u r r e n t  s t a t u s  of P lans ,  
Procedures ,  and Tes  t Reports. 

Tes t inq .  Complete - See Table 5-13. 

MILESTONES. A l l  LM Q u a l i f i c a t i o n  Tes t ing  w a s  completed. 
F ina l  reports were submitted. . 
5.6.7 Design Chanqe Act iv i ty  

OUA 

Table 5-14 shows OUA Design problems, their r e so ru t ion  (Class 
I or IT) and the retrofit  e f f e c t i v i t y .  

AOT 

Table 5-15 shows AOT Design problem r e s o l u t i o n s  ( C l a s s  I or 
11) and the r e t r o f i t  e f f e c t i v i t y .  

i 

5.6.8 Failure Reports 

A sununary of reports processed dur ing  the r e p o r t i n g  period of 
1967 is listed es follows: 



Table 5- 11 

APOLLO PARTS QUALIFICATION STATUS 

Final 
Report 

X 

X 

X 

X 

Remarks 

Complete-Sot Qualified 

Complctc-Qualified 

Complete-\QiaIificd 

Complete-Qualified 

Test  
Plan 

Approval 

X 

X 

X 

X 

.Qualification 
Start 

X 
X 

X 

X 

T. P. 2nd 
Q. S. s. 
Xo. Tr. 

096-1 

003- 1 

004-1 

00 8- 1 

Drawing Xo. 
Test 

Complete 

X 

X 

X 

X 

1012056-1,-11 

1012065 

1012065 

1012142 

1012142 

1012145 

1012149 

1012157 

1012502 

Part Type 

X 

S 

X 

X 

X 

X 

X 

1011499 

1@1150 1 

1011748-1,2 

1012041 

1012042 

1C12048 

1012052 

I Complete-QuIiiied 

X 

X 
X 

X 

X 

X 

Complete-Not Qualified 

Clifton-Qualified 

Reeves-Qualified 

Complete-Not Q~a l i f i ed  

Complete-Not Qualified 

Complete-Qualified 

Complete-Qualified 

Clifton 

Corr~pIete-Qualified 

X 

X 

X 

X 

X 

X 
X 

X 

X 

10 1034 1 

1011281 

101 1294 

101 1374 

X 

X 
X 

X 

X 

X 
X 
X 

X 

Conaect o r  1 012-1 I X I 

Diode Zener 

Resolv3r Ass'y 

Resolver Ass'y 

Capacitor Ceramic 

Capacitor Tantalum 

Power Trarrsformer 

Power Transformer 

Resolver 

Capacitor Wet Slug 
Tantc-lum 

Complete-Qualified 

Complete-Qualified 

Complete-Qua lified 

Complete-Sot Qualified 

Complete-Qualified 

Complete- Xot Qualified 

X 

X 

X 

X 

X 

X 
X 
C47 

X 

Resolver 

Differential 

Reso!vcr Ass'y 

Projection Lens 

X 

X 

X 

X 

X 

X 

Comcct or 

Connect or 

Ceramic Capacitor 

D i d e  Si!icon 

Transis tor  Si Ph'P 

T~.n,nsformer Audio 

137-2 

135-1 

13 8-2 

131-1 

132-1 

149- 1 

159-1 

143-1 

156-1 

X 

X 

X 

X 

X 

X 
X 
X 

X 

013-1 X 

02 6- 1 I X 

130-1 

136-1 

150- 1 

145-1 

X 

X 

X 

X 



Table 5-11 (Cont'd.) 

\ 
'I'&P. and Test  
Q. b . ~  I Plan Qualification Test  

Drawing No. Part Type No. h. Approval Start Complete 
1012512 Counter Rotating 165-1 X X X 

Flex Print 170- 1 X 
Flex Print fCab:z; 169-1 X 

F-inal 
Remarks 

Complete-Qualified 

2007024 

2007032 

2007022 

X 1 Sanders-Complete Qcaiified 

I Complete-Qualified 
I X 
I Complete-Xot Qualified 

Head Elec. Ass'y 
(Tracker) 

HV Power Supply 
Ass'y (Tracker) 

Tunin: Fork Assty 

60 1 

602 
I 
X 

I XPOLLO SUBWSTEY QUALIFICATION STATUS I I 

Complete- Not Qualified 

X 

X 

X 

Complete-Qualified X 

1021255 

X 

X 

X 

Eyepiece Storage 
Compartment 
withEyepieces 

X 

X 

X 
X 

X 

X 

X 
X 

Complete-Quali fied 

Complete- Sot Qualified 





Table 5-14 

OUA DESIGN PROBLEM STATUS 

OVA -TDRR 
RESOLUTION RETROFIT IN-UNE CLASS 

J?PECTlVITY - EFFECflVE 
AGE PROBLEM PERFORMANCE RELdAILd'W 

TDA Shlft with Vibration lacarporal~on of st!Iler 
wave washers 8nd controlled 
load. Authorized None 

205 
New - 4  motor config. 
(bearing luoe increase) Authorized 

202.201,204.205, 206 
208 and up. 

Yotor -Tach Reliablllty 

Llnnral Adjust YaoO Failure 201.202. 
1-201. 203 
and up. 

Incorporated 1 ead-~n 
chamfer. shorter spring 
a d  spacer Aulhorlred 

Image S p r l n ~  Bark 

BDA Shift with Vibration 

Eyeptece Vacuiim Shim 

G and N System Control 
Change N/A 

Inslallation of be wedges Aulhorlzed 

Color coding and position 
ambiguity Recommended Peadtng 

& Corrosion 

T runnion he sit at^ X 

Developed be possivation 
process Aa Rqulred N/A 

tom. 202 
203,201,205,208 
208 and up 

Incorporation d new 
trunnion spring assembly AuUlorlKd 206 and up 

Resolver Test ModilicaUon X 
to  inclr ' : lor dtng 

10 x and 64 x zero's 
checked with load box in 
test circuit 

AC Functional Tester N/A 
presun~ed to Be -1- 
Iunclioning. 

SXT TDA 'O" problem at  AC X 

OVA Perpendicularity X 
Problem 

S X t  Umit Stops 

SCT Gear Weu 

Replace eyepiece a d  
lamp with diffused light 
s ~ c e  f ~ r  1 tteot. N/A 

No problem exists-stop. N/A 
a r e  adequate 



Table 5-14  (Contld.) 

OUA -TDRR Ef F E C m E  
ROILEM PERFORMANCE RELUWUTY RESOLUTION RETROFIT M-LR'E CLASS 

.- - AGE 
EFFECTIVITY 

Non Melrlltc Hat'1 
study 

New "Vlton" rnsulation 
blankets for eyeplecer 
In work. Rccomrnmded N/A ALL 



Table 5-15 

AOT DESIGN PROBLEM STATUS 

AOT 
Retrofit 

AOT TDRR 
In-line a,'. Problem -- 

!. Moisture in winter 

2. Poar  counter illumination 

3. h o s t  retic!e cc~ntrol knob 

4. Reticle ~mperfecl ians  visible 

Perf .  -- - Rel. Resolution 

X Hermetic Seal 

CI. - 
1 

I 

1 

1 

Eff. AOT --- 
6 12 

6 12 

6 12 

6 12 

Provide illum. 

Incorp. drag in knob 

Change bulbs tn retlcle lamp aos'y; 
c lear  to red 

Provide a n  eyeguard plug 5. Light leaking thru cyeguard 

6. A 0 7  contamination 

7. Mech. & Optical axis  rniraligned X 

8. Preesu re  sea l  flammable 

X Provide Protec tor  o r  'boat" 

Pru i ide  objtv. lens centration 

Provide flame guards-two veroiono: 
a. Heavy weight guards 
b. Lighi weight guard0 

9. Thermal  blanket0 flammable Provide thermostat 61 ret icle l amp  
aso'ys f lame guards 

10. Study light impair0 s t a r  
oightingo 

t 

Provide a sunshade 

1 ot production Light weight f lame guard delivered i n  t ime  f o r  AOT 6 10 retrofi t  installation io mpacecraft. / B Y *  .. opo... cut.... 
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Figure  5- 29  OUA Failure Summary 

F i g u r e  5- 30 LM F a i l u r e  Summary 

5.6.9 R e l i a b i l i t y  Report Analyses (ARR-64 t h r u  ARR-78) 

a. L u b r i c a t i o n  o f  F l e x p r i n t s  

R e l i a b i l i t y  report ARR-64 described an i n v e s t i g a t i o n  o f  
the f e a s i b i l i t y  o f  l u b r i c a t i n g  f l e x p r i n t s .  Spring back o f  t h e  
S e x t a n t  s h a f t  had been no ted  dur ing  open s e r v o  loop o p e r a t i o n .  
F r i c t i o n  o f  t h e  f l e x p r i n t s  a g a i n s t  t h e  wraparound c a v i t y  w a s  con- 
sidered as a p o s s i b l e  cause .  A s  o i l s  and greases would e v a p o r a t e  
under  l o w  p r e s s u r e  c o n d i t i o n s ,  a l amina r  s o l i d ,  such as molybdenum 
s u l p h i d e  w a s  cons ide red .  The c o e f f i c i e n t  o f  f r i c t i o n  o f  t h i s  
l u b r i c a n t  proved t o  be s im i l a r  t o  t h e  f l e x p r i n t  i t s e l f ,  The ad- 
d i t i o n  o f  a l u b r i c ~ i t  to  t h e  f l e x p r i n t  d id  n o t  appea r  to  o f f e r  a 
s o l u t i o n  t o  the s p r i n g  back phenomenon. 

b. E f f e c t  of 40% N i t r i c  A c i d  SoJu t ion  on Anodized Bery l l ium 

R e l i a b i l i t y  r e p o r t  ARR-65 described an i n v e s t i g a t i o n  i n  
regard t o  l o s s  o f  adhesion i n  a r e a s  o f  t h e  telescope panel .  I t  
was discovered t h a t  t h e  panel had been c l eaned  w i t h  a s o l u t i o n  o f  
408 n i t r i c  acid, which contaminated areas of the beryllium s u r f a c e ,  
Ni t r ic  a c i d  s h o u l d  n o t  be used t o  c l e a n  b e r y l l i u m  before anodiz ing ,  

c, Contamination o f  Cover and B a f f l e  A s s e m b l i e s  P/N 2012547, *UYJ 
2D12675 

R e l i a b i l i t y  ~ 'eport  ARR-66 d e s c r i b e d  t h e  i n v e s t i g a t i o n  o f  
b l a c k  p a r t i c l e s  d i s c o v e r e d  on t h e  c o v e r  and b a f f l e s  assemblies 
a f t e r  v i b r a t i o n  t e s t i n g .  I t  w a s  found t h a t  t h e  particles were 
Black Ve lve t  p a i n t ,  from t h e  interior p a i n t e d  s u r f a c e s  o f  t h e s e  
a s sembl ie s .  I t  w a s  recommended t h a t  t h e s e  s u r f a c e s  shou ld  b 
b l a c k  anodized i n  l i e u  of p a i n t e d .  

d . Eyepiece Thermal I n s u l a t o r s  

R e l i a b i l i t y  r e ~ o r t  ARR-67 described t h e  i n v e s t i g a t i o n  of 
four po lyure thane  foam and one po lyura thane  p o t t i n g  compound, 
suitable for molding. The m a t e r i a l  w a s  to be used as thermal  in-  
s u l a t i o n  f o r  t h e  eyepiece. The m o s t  promising material w a s  found 
to  be Isofoam L-131. q 

e. Effect of 10% Oxalic Acid S o l u t i o n  on S p r a y l a t  SC-1071 
Protective Coat ing  

Reliability r e p o r t  ARR-68 described i n v e s t i g a t i o n  o f  t h e  
u s e  of a 10% o x a l i c  acid s o l u t i o n  f o r  t h e  removal of c o r r o s i o n  
from b e r y l l i u m  s u r f a c e s .  T h i s  exposure adversely affect  c e r t a i n  
areas such as i n s e r t s  and critically machined surfaces, Spraylat 
SC-1071 prcved t o  be an  e f f e c t i v e  means f o r  masking t h e s e  c r i t i ca l  w 
areas. 
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Figure 5-29 OUA Failure Summary 



Figure 5-30.  Lhl Failure Summary 
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f .  L o t  Eva lua t ion  o f  E l e c t r i c a l  Wire, TFE I n s u l a t e d  

R e l i a b i l i t y  Report ARR-69 described acceptance  t e s t i n g  
of samples from v a r i o u s  lo t s  of electrical w i r e  i n  accordance w i t h  
MIL-W- 22759. 

g. Cornpatabi l i ty  of 2.19 Ridolene S o l u t i o n  w i t h  Gray Ve lve t  
P a i n t  

I 
R e l i a b i l i t y  r e p o r t  ARR-70 described ail i n v e s t i g a t i o n  on 

the ef fe?t  o f  Ridolene s o l u t i o n  on parts coated w i t h  Gray Ve lve t ,  
I t  was found t h a t  Ridolene degraded Gray Velve t  p a i n t .  

h. ;::ffect o f  1 0 %  O x a l i c  A c i d  S o l u t i o n  on the Dimensions of 
l ;8eryl l ium Parts  

3e l iabi l i  t y  r e p o r t  ARR- 71 described an  i n v e s t i g a t i o n  of 
the  e f f e c t  o f  10% o x a l i c  acid s o l u t i o n ,  used t o  remove c o r r o s i o n ,  
on the di;nensiona o f  b e r y l l i u m  parts. I t  w a s  found t h a t  t h e  i m -  
mers ion oi' a b e r y l l i u m  part  f o r  one hour  i n  o x a l i c  acid a t  a t e m -  
p e r a t u r e  c f  SO0 t o  60°C removed an average  o f  0.0001 i n c h  f r o r ,  a 
c y l i n d r i c a  1 diameter. 

i. E f f e c t s  of K I  Beryllium Corrosion Pre-treat S o l u t i o n  on 
ti ~e Dimensions o f  Beryllium Parts 

P 4 , 1 i a b i l i t y  report ARR-72 described an i n v e s t i g a t i o n  to  
deterr,tine the e f f e c t  of K I  Bery l l ium c o r r o s i o n  P r e - t r e a t  s o l u t i o n  
on bery l1 , j .m parts. Th i s  s o l u t i o n  is an e f f e c t i v e  method f o r  re- 
moving c o ~ ~ r o s i o n  from beryllium. I t  w a s  fourid that use of t h e  
s o l u t i o n  xlesulted i n  a dimensional  loss i n  beryllium parts, 

j .  tse o f  S p r a y l a t  SC-1071 as a Masking Agent for  P r o t e c t i o n  
(. f Cr i t i ca l  Beryllium S u r f a c e s  a g a i n s t  P a s s i v a t i o n  
:reatmen ts 

1 i e l i a b i l i t y  report ARR-73 described an i n v e s t i g a t i o n  of 
the effectivity of Spraylat.  SC-1071 as a masking a g e n t  d u r i n g  
passiva:,ion. I t  was found t h a t  S p r a y l a t  w a s  an e f f e c t l . v e  pro- 
tectiw c o a t i n g  agixinst s o ~ u t i o n s  used i n  p a s s i v a t i o n  t r e a t m e n t  a t  
room ~ e m p e r a t u r e s  . 

k. Effec t  of Bery lcoa t  "D" P a s s i v a t i o n  Solut ion,  on  Crit ical  
B e r y l l i u m  Sur f  ace Dimensions 

R e l i a b i l i t y  report ARR-74 described tests performed to  
de termine  the effect of Berylcoat "Dm p a s s i v a t i o r .  s o l u t i o n  on the 
drimensions of beryllium parts, I t  w a s  found that Berylcoat "Dw 
had l i t t l e  or no e f f e c t  upon c r i t ica l  dimensions when exposed for 
30 minutes  a t  room temperature .  For 60 minute and 90 minute im- 
mers ions ,  t h e  change i n  dimensions was n o t  cr i t ical ,  
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1. E f f e c t i v i t y  o f  Teflon Wire Adhesion t o  RTV P o t t i n g  
Compounds 

R e l i a b i l i t y  report ARR-75 described an eva lua t ion  o f  the 
use of RTV p o t t i n g  compounds with t e f l o n  wire. Samples o f  pre- 
etched w i r e ,  w i r e  e t ched  i n  accordance with ND1002146A, and non- 
e tched  w i r e  were prepared and i n s e r t e d  i n  RTV881 s i l i c o n  rubber  
as presc r ibed .  I t  w a s  found t h a t  t h e  pre-etched w i r e  provided t h e  
m o s t  reliable bonding su r f ace .  

I 

NOTE: R e l i a b i l i t y  Report ARR-76 was n o t  i s sued .  

m. Displacement o f  Relay Lens Assembly P/N 6011847 (LM) 

R e l i a b i l i t y  r e p o r t  ARR-77 described an i n v e s t i g a t i o n  to  
determine t h e  cause of t h e  displacement o f  the  i n s t a l l e d  r e l a y  
l e n s  assembly i n  LM 611. The r e l a y  l e n s  assembly had t i l t ed  i n s i d e  
of t h e  i n n e r  tube  P/N 6011804. The assembly is a l igned  and held  
i n  p o s i t i o n  by means o f  set screws u n t i l  i t  is  i n s t a l l e d  i n  the 
inner t ube ,  when epoxy is a p p l i e d  through the s i x  set  screw holes .  
I t  wag fel t  t h a t  epoxy did n o t  supply the suppor t  r equ i red  to  hold  
the assembly i n  p o s i t i o n  and t h a t  set screws should be used, 

n ,  Hermetical ly  Sealable TFE-FEP Shrink Sleeving w 
R e l i a b i l i t y  report ARR-78 desc r ibed  an eva lua t ion  of Penn- 

tube WTF sh r inkab le  (Teflon)  s l e e v i n g  as a replacement for Kynar 
s h r i n k a b l e  s l e e v i n g  . Penntube appeared to be less f lananable than 
Kynar. It. was found tha t  Penntube w a s  s a t i s f a c t o r y  f o r  metal 
b u t t  type solders, solderless connect ions or by high temperature 
solder opera t ion .  The l i m i t i n g  f a c t o r  was the use of  l o w  temper- 
szkure solders which m e l t  and flow dur ing  the rshrinking ope ra t i on ,  
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5.7 SUMMARY OF YEARS 1968 - 1969 

5.7.1 In t roduc t ion  

The SXT trunnion f a i l u r e  f i r s t  .yeport 3d i n  January 1968  on 
AGE 209 and aca in  i n  June of 1968 on AGE 217 was resolved f i n a l l y  
when a redesign of t h e  gearbox was made. 

Eyepiece flammabili ty p r o t e c t i v e  covers  were designed and 
f ab r i ca t ed .  Corrosion and v i b r a t i o n  problems were resolved by re- 
design.  

The AOT sunshade and Radar S h i e l d  passed a l l  func t iona l ,  
environmental and q u a l i f i c a t i o n  t e s t i n g .  

The r e l i a b i l i t y  s e c t i o n  of Q u a l i t y  Assurance department con- 
t i nued  t h e i r  e f f o r t s  on t h e  p a r t s  and m a t e r i a l s  eva lua t ion  program. 

5.7.2 Major R e l i a b i l i t y  Problems 

5.7.2.1 AGE 220 - OUA Over-vibration 

On J u l y  8 ,  1968, while  proceeding through normal s e l l - o f  f 
tests,  OUA AGE 220 was i nadve r t en t ly  exposed to  a random v i b r a t i o n  
l e v e l  t h r e e  t i m e s  (Figures  5-31 and 5-32) g r e a t e r  than nominal. 
An ex t ens ive  eva lua t ion  covering v i s u a l  examination,  stress ana- 
l y s i s  and f u n c t i o n a l  performances was conducted and f i n a l i z e d .  
(See Tables 5-16, 5-17 ; Figures.  5-33, 5-34, and 5-35) 

Resu l t s  o f  eva lua t ion  presented  t o  ACED and NASA personnel  a t  
t he  J u l y  2 4 ,  1968 meeting a t  Kollsman. These f a i l u r e s  were de- 
t e c t e d  t h ru  phys i ca l  examination and f u n c t i o n a l  t e s t i n g .  

a Two s p r i n g  spacers  i n  SCT f i e l d  o f  view 

e Both SCT manual d r i v e s  b inding 

a SXT TDA 64X Zero e r r o r  measures 25.2 seconds. Maximum 
al lowable 5.0 seconds. 

Various approaches t o  d i s p o s i t i o n  AGE 220 were considered and re- 
viewed by ACED, NASA, and MIT w h i l e  t h e  u n i t  was he ld  a t  Kollsman. 

Dispos i t ion  agreed upon by a l l  parties w a s  t o  perform a con- 
f idence  v i b r a t i o n  func t iona l  t es t  and c o r r e l a t e  funct ion? '  ' a l a ,  
a f t e r  necessary c o r r e c t i v e  a c t i o n  was completed, to  pre- . i t i o n  
da ta .  
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OUA h\D CONTROL ACCELEROMETER MOUNTING 

/ 

C O N ~ R O L  ACCELEROMETER 

ACCE LEROMETER S/N 407 ORIGINAL CAL 3.15 M V / ~  
ACC&lEROIgIETER s/~407 RECAL 2.85 M V / ~  

MAXIMIJFVI PROBABLE EXPOSURE 7 jrms 
WORKMARISHIP EX POSURE 5.3 g r m s  

Figure 5-31. Overstress Condition 
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Figure 5-32. Power  Spectral Density, Comparison of Levels 
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Table  5-16 

PHYSICAL INVESTIGATION 

The fo l lowing  major and subassembl ies  w e r e  v i s u a l l y  checked 
f o r  physics1 c s n d i t i o n :  

SCT SIDE: OPTICS 

2011153 P r i s m  Assy. 

2011724 Pechan Pr ism Assy. 

2011 792 Relay L e n ~  Assy. 

2011722 O b j e c t i v e  Lens 6 Reticle Assy. 

2011732 Relay Lens Assy. 

2011784 SCT Panel  Window 

SXT SIDE: OPTICS 

2012735 SXT Index Head Mirrors and B e a m s p l i t t e r  
(mirrors were removed and mount sur fa?=es  
checked f o r  damage) 

SXT S h a f t  O b j e c t i v e  Lens 

R e t i c a l  Assy. 
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T a b l e  5-16 

PHYSICAL INVESTIGATION ( C o n t , )  

SCT SIDE: MECHANICS 

2011215 T r u n n i o n  D r i v e  Assy 

2011723 Cluster Gear Assy , 

2011703 SCT TDA G e a r b o x  

2011702 SCT SDA G e a r b o x  

SXT SIDE: MECHANICS 

2011705 G e a r b o x  

2012712 T r u n n i o n  Assy, 

SO12387 G e a r  and Spring A s s y ,  

2011906 Hsg. and Stator A s s y ,  

B o t h  the SXT and SCT cavities were checked for damage or lcose 
hardware. N o  d a m a g e  or loose parts w e r e  found, 

RESULTS : OPTICS- 

NO visible evidence of glass fracture w e r e  found 

XECHANICAL ASSEMBLIES - 
Gears, Shafts , B e a r i n g s ,  and H a r d w a r e  showed no damage, 
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ELEMENT 

SCT S h a f t  

SXT S h a f t  

Table 5-17 

STRESS ANALYSIS 

SUMMARY 

SXT obj.  and 

i n t e r m e d i a t e  

l e n s  hsg.  (2011796) 

SXT Bear ings  

(1012506-2) 

SCT Bear ings  

(1011606-2) 

f = 4961  HZ > 2000 HZ o f  n 
exposure  max dynamic 

stress 100 p s i  

n = 2316 Hz > 2000 Hz o f  

exposure  max dynamic stress 
2294 p s i  allowable y i e l d  

stress i n  B e  30,000 p s i  

f > 6000 Hz > 2000 Hz o f  n 
exposure  max dynamic 

stress 21 p s i  

a t  head end-max load ing  

r a d i a l  l o a d  360 l b  < 2191 1b  

r a t e d  r a d i a l  capac. 

r a d i a l  l o a d  181  l b  < 2416 l b  

r a t e d  r a d i a l  capac. 

r a d i a l  l o a d  131  l b  < 1933 l b  

r a t e d  r a d i a l  capac. 



Table 5-17 

STRESS ANALYSIS (Cont.) 

ELEMENT 

Worm S h a f t  

SCT Relay Lens 

Assy (2011792) 

SCT Objective 

Lens Assy 

S W A R Y  

f = 2 7 0 H z  n 
Max stress 8150 psi 

yield strength (8620 steel) 

65,000 psi 

Typical elements 2011175,172 

compressive stress 2 500 psi 

<<  50,000 rated compressive 

stress 

Typical element 2011708 

compressive stress = 650 psi 
<< 50 ,OCO rated compressive 

stress 
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Figure 5- 33.  "High Mass" Cearshaf t 
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F i g u r e  5-34. Sextant  Trunnion 
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L- HORIZONTAL COMPONENT OF 
SPRING REACTION =4.1 Ibs. 

'6' LOADING I 
3 Q WORKMANSHIP LEVEL ; 159 x .21bs=3lbs 

3 ibs 4 4.1 I bs. 
3 O OVERTEST LEVEL; 519 x .21bs=10.21bs. 

10.2 1bs>4.1 lbs. 

Fiqure 5-35. Pechan P r i s m  
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The SCT i n n e r  tube  was d isassembled ,  Pechan pr ism assembly 
removed, v i s u a l l y  examined and s p r i n g  s p a c e r s  rep laced .  The 
manual d r i v e s  were reworked t o  maximum t o l e r a n c e  and r e l u b r i c a t e d .  
( T h i s  i s  a c h r o n i c  problem, n o t  a s s o c i a t e d  w i t h  o v e r - v i b r a t i o n .  ) 
The SXT head was removed, index m i r r o r  and b o t h  4 5 '  mirrors re- 
moved. Evidence of  f r e t t i n g  o f  m i r r o r  mounting pads observed.  
Pads were c l e a n e d  and wave washers were rep laced .  

~ l l  SXT and SCT f u n c t i o n a l  and p h y s i c a l  d e f e c t s  a f t e r  r e p a i r ,  
were a c c e p t a b l e  and c o r r e l a t e d  to p r e - v i b r a t i o n  d a t a  b e f o r e  over-  
v i b r a t i o n .  

F i n a l  d i ; p o s i t i o n  w a s  made t o  con t inue  and complete FTM. A l l  
r e s u l t s  w e r e  w i t h i n  parameter .  Conclusion drawn was t h a t  a f t e r  
necessa ry  r e p a i r s  were made, t h e r e  w e r e  no degrada t ion  o f  o p t i c a l  
a l ignment s ,  r e s o l u t i o n ,  motors ,  r e s o l v e r s ,  c o u n t e r s ,  g e a r s ,  bear-  
i n g s  and t r i m  modules. AGE 220 w a s  yel low dotted p e r  AC 
d i r e c t i v e  and p u t  i n t o  non-f ly ing  ca tegory .  

5.7.2.2 OUA AGE 2-6 SCT S h a f t  Unbalance 

I n  May, f 968, AGE 206 e x h i b i t e d  u n c o n t r o l l e d  SCT s h a f t  rate 
v a r i a t i o n s  d u r i n g  G 6 N System t e s t i n g  a t  ACED. 

Kollsman personnel  v i s i t e d  AC to obse rve  t e s t i n g  of AGE 206. 
While an i n t e r n a l  i n s p e c t i o n  o f  SCT r e v e a l e d  no p a r t  o r  workman- 
s h i p  d e f e c t s ,  a  r e l a t i o n s h i p  between OUA o r i e n t a t i o n  and rate 
d e v i a t i o n s  w a s  detected. The problem w a s  i d e n t i f i e d  a s  be ing  t h e  
pendulaus e f f e c t  o f  t h e  s h a f t  unbalance due t o  t h e  a b l a t i v e  cover .  
This  was a f f i r m e d  by r e t e s t i n g  w i t h  Kollsman @s aluminum cover  con- 
t a i n i n g  coun te rwe igh t s ,  which r e s u l t e d  i n  t h e  d i sappea rance  o f  t h e  
r a t e  v a r i a t i o n  r epor t ed .  

Thus, it w a s  recommended t h a t  AC d e c i d e  t o  eva luace  impact  o f  
imbalance on Sys t e m  p e r f  o m a n c e  and pending r e s u l t s  would direct 
f u r t h e r  i n n o v a t i o n  i f r e q u i r e d .  

5.7.2.3 AGE 204 - SXT Trunnion F a i l u r e  

A t r u n n i o n  g e a r  t r a i n  f a i l u r e  was r e p o r t e d  i n  January  o f  1968, 
Kollsman s t u d i e d  t h e  problem and p r e s e n t e d  an a n a l y s i s  to  AC. I t  
was found tha t  the b e a r i n g  and g e a r  between l i m i t  s t a y s  and mirror 
w e r e  e x t e n s i v e l y  damaged. The mating c o r n e r s  o f  t h e  f loa t in( :  dogs 
were worn i n  the zero o p t i c s  d i r e c t i o n ;  t h e  mirror had s t r u c k  the 
a b l a t i v e  cover .  The redes ign  of t h e  dogs i n c l u d e d  reducing  the (( 

end p l a y  and tilt, i n c r e a s i n g  the s u r f a c e  c o n t a c t  between dogs,  
and s q u a r i n g  o f f  t h e  c o r n e r s  of  t h e  dogs. T k 2  s p r i n g  rate was in -  
creased to  absorb motor and g e a r  t r a i n  energy.  The a b l a t i v e  cover  
was machined t o  a s s u r e  m i r r o r  c l e a r a n c e .  
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A f u r t h e r  problem developed i n  June of 1 9 6 8 ,  when t h e  doc 
l i m i t  s t o p  p i n  i n  AGE 217  became loose .  A redes ign  o f  t h e  g e a r  
box cover  e l i m i n a t e d  t h e  p o t e n t i a l  s t o p  p in  problem. 

Addi t iona l  problems, SCT s h a f t  wi th  a b l a t i v e  cover  proved t o  
be unbalanced and t runnion  i n s t a b i l i t y  occur red  when s l i g h t  pres-  
s u r e  w a s  a p p l i e d  t o  t h e  s p l i t  g e a r ,  were t o  be eva lua ted  a t  t h e  
end o f  t h e  r e p o r t i n g  pe r iod .  

5 .7 .2 .4  Flammabil i ty P r o t e c t i o n  of OUA Eyepieces 

Kollsman was directed t o  des ign  and f a b r i c a t e  m e t a l l i c  covers  
f o r  t h e  eyep ieces .  The c e w  des ign  inc luded  a p o t t e d  a d a p t e r  and 
cable to  p r o t e c t  t h e  power supply by fu s ing  and to provide s t r a i n  
r e l i e f  between connector  and eyepiece .  To s o l v e  t h e  v i b r a t i o n  
p roof ing  problem, Kollsman recommefided a  wave washer. To s o l v e  t h e  
problem of  w r r o s i o n  on t h e  p lunger  (which prevented  o p e r a t i o n  of 
the quick  d i sconnec t )  , ,Kollsman recommended f l u o r i n a t e d  g r ea se .  

Because t h e  to rque  l e a d  o f  the eyepiece  window cover  proved 
t o  be h igh ,  a s t a i n l e s s  steel s p r a y ,  s l i g h t l y  s t i f f e r  t han  t h e  
beryl l ium-copper  s p r a y ,  was used. Shims were added to  s t a n d a r d i z e  
the s p r i n g  load ing .  The v i b r a t i o n  problem was reso lved  by t h e  
a d d i t i o n  o f  t w o  f l a t  washers and a lock  washer. 

5.7.2.5 AOT Sunshade and Radar S h i e l d  

The c o n i c a l  sunshade and radar assembly i s  a modi f i ca t ion  to  
the Alignment O p t i c a l  Telescope (AOT] . The prime purpose o f  t h e  
sunshade is to preven t  s t r a y  l i g h t  or  light r e f l e c t e d  from the 
l u n a r  module radar gyro from s t r i k i n g  the AOT prism. R e s a l t s  of 
tes ts  conc lu s ive ly  i n d i c a t e d  t h a t  t h e  sunshade was q u a l i f i e d  for 
space  f l i g h t .  Stresses and s t r a i n  imposed by the test  environment 
were wi th s tood  and s t r u c t u r a l  and dimensional  i n t e g r i t y  remained 
i n t a c t .  Func t iona l  check,  performed on t h e  AOT, showed that  the 
sunshades d i d  n o t  adverse ly  a f f e c t  AOT ope ra t i on .  

5.7.2.6 Variable Deviat ion Wedge 

I t  w a s  d i scovered  that t h e  v a r i a b l e  d e v i a t i o n  wed5 s were n o t  
s p e c i f i e d  as to  d e v i a t e  i n  any p a r t i c u l a r  d i r e c t i o n .  KolLsman re- 
commended t h a t  as t h e  wedges were acceptable a s  s p e c i f i e d ,  that a 
deca l  should  be added to  snow the d i r e c t i o n  of d e v i a t i o n  o f  each 
wedge. 
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5.7.3 P a r t s  and Ma te r i r . 1~  - Program 

5.7.3.1 Eyepiece Non-metallic Ma te r i a l s  

S u b s t i t u t e  non-metal l ic  m a t e r i a l s  and adhesives were s e l e c t e d  
f o r  eyepiece  i n s u l a t i o n  f o r  use w i t h i n  t h e  cab in  environment. 
S C D ~  w e r e  prepared.  Pos t  cure  procedures were developed t o  a s su re  
conformance t o  t he  tes t  requirements o f  MSC-A-D-3. Presen t  con- 
f i g u r a t i o n s  were eva lua ted  i n  thermal  vacuum, F i r e  d r i l l  samples 
were prepared f o r  NASA eva lua t ion  and C l a s s  "A" u n i t s  were f a b r i -  
ce ted .  Fur ther  e f f o r t  was dependent on r e s u l t s  o f  tersts.  

NASA recons idered  i t s  p o s i t i o n  r e l a t i v e  to  c l a s s i f i c a t i o n  o f  
eyepiece i n s u l a t o r s  i n  terms of  Category B based on r e s u l t s  of 
Fire D r i l l  T e s t .  E f f o r t  on t h e  non-metal l ic  m a t e r i a l  eva lua t ion  
had been terminated.  

5.7.3.2 AGE 203 B e  Corrosion 

D u r i ~ g  R&I of OUA AGE 203 co r ros ion  w a s  noted  i n  t h e  SCT and 
SXT interma1 c a v i t i e s .  A. ;n.?aivation t rea tment  was developed 
a f t e r  a n a i y s i s  and d e t a i l  6 a o  ', which would h e l p  r e t a r d  this cor- 
r o s i v e  process, 

5.7.3.3 Hand Heid Sex tan t  Non-Metallic Ma te r i a l s  

Non-metallic m a t e r i a l s  used i n  f a b r i c a t i o n  of  Hand Held 
Sex tan t  were reviewed t o  determine sample s i z e  and con f igu ra t i on  
fox  NASA eva lua t ion  t o  parameters of MSC-A-D-66-3. A r e p o r t  was 
prepared, inc lud ing  a c o s t  estimate, and submit ted  to  NASA, 

5,7.3.4 S t a i n s  on PIN 6011105 Gears 

The s t a i n s  on the blackened s u r f a c e  o f  t h e  P /N 6011105 have 
been determined t o  be p r i n c i p a l l y  n o t  cor ros ion .  S ince  t h e  d e f e c t  
is cosmetic,  n o t  a f f e c t i n g  func t ion ,  a recornendat ion was made to  
r e l e a s e  t o  manufacturing. 

5.7.3.5 AGE 205 I n t e r n a l  Corrosion 

~ n v e s t i g a t i o n  completed r e l a t i v e  t o  excess ive  cor ros ion  on 
i n t e r i o r  of OVA AGE 205. Samples were collected f o r  tests and 
a n a l y s i s .  X-ray d i f  f r c c t i o n  i d e n t i f i e d  products  as beryl l ium 
oxide, B e  pas s iva t ion  t rea tment  was recommended, 

5.7.3.6 Radial/End Play 

~ad ia l /End  Play f i x t u r e  i d e n t i c a l  t o  So lvere  in-line f i x t u r e  
purchased by SK t o  s tandaxdize "in-house " i n spec t ion  procedures t o  
t h a t  o f  vendor. F ix tu re  was c e r t i f i e d  by S K  Metrology Laboratory. 
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5.7.3.7 EC-2216 Adhesive App l i ca t ion  

I n v e s t i g a t i o n  was completed to  develop  a r e l i a b l e  procedure  
f o r  the a p p l i c a t i o n  of EC-2216 adhes ive  on t h e  P/N 6011809 assembly. 
Report was i s s u e d .  

5.7.3.8 AGE 209 Trunnion L i m i t  S t o p  F a i l u r e  

An i n v e s t i g a t i o n  i n i t i a t e d  to  de te rmine  f a i l u r e  mode of l i m i t  
I s top  OUA AGE 209 w a s  closed a f t e r  r e d e s i g n  o f  g e a r  box n e c e s s i t -  

ated by i d e n t i c a l  f a i l u r e  occurence i n  AGE 217 ,  June  1968,  w a s  ap- 
proved and implemented. 

5.7.4 R e l i a b i l i t y  F a i l u r e  Action Summary 

AFR 9615, AC 1/29/68 SCT TDA Manual Drive. F a i l u r e  
a n a l y s i s  completed. Report w a s  i s s u e d .  

AFR 20177, AC 1/14/68 SXT Trunnion Gear T r a i n  F a i l u r e :  
F a i l u r e  a n a l y s i s  determined cause  o f  o u t  o f  mesh con- 
d i t i o n  between SXT Trunnion Mirror and 2011706 Trunnion 
Gear T r a i n .  Report completed and i s s u e d .  

Par t ic le  removed from duplex  b e a r i n g  LM-AOT-606 i d e n t i -  
fied a s  ECCO-Bond 55. Report was completed. 

The p a r t i c l e s  removed frm LM-AOT-609 have been i d e n t i -  
f i ed  by emiss ion spec t roscopy.  The material is a p a i n t  
which o r i g i n a t e d  from a s o u r c e  e x t e r n a l  to t h e  unj-t. 
Report w a s  made. 

a FR 2018D, AC 1/17/68. F a i l u r e  analysis completed on SXT 
Purge Valve. Reported completed. 

a The l i q u i d  contaminant  removed from the o u t e r  f l a n g e  of 
t h e  worm arid gear housing of LM-AQT-607 was i d e n t i f i e d  
by i n f r a r e d  a n a l y s i s  as a s i l i c o n e  f l u i d .  Report com- 
p l e t e d .  

Extended Performance T e s t i n g  Program 
-c 

EPT : 

T e s t  L o t s  

I n  Process 
Pending 2 

Completed t h i s  Period 0 
T o t a l  Completed t o  Date 185 

T e s t s  
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5.7.6 Design A c t i v i t y  

OUA 

OUA Design Problems are listed i n  Table 5-18, w i t h  their 
r e s o l u t i o n  and r e t r o f i t  e f f e c t i v i t y .  

AOT 

I 
AOT Design Problems a r e  l i s t ed  i n  Table  5-19, w i t h  t h e i r  

r e s o l u t i o n  and r e t r o f i t  e f f e c t i v i t y  . 
5.7.7 F a i l u r e  Report  Summarv 

OUA 

F i g u r e  5-36 i l l u s t r a t e s  t h e  number o f  f a i l u r e  reports a s s i g n e d  
to t h e  o p t i c a l  u n i t  by AGE d e s i g n a t i o n .  The f a i l u r e  r e p o r t s  are 
f u r t h e r  c l a s s i f i e d  as t o  d e s c r i p t i o n ,  cause  and d i s p o s i t i o n .  

AOT 

F i g u r e  5-37 i l l u s t r a t e s  the number of f a i l u r e  r e p o r t s  a s s i g n e d  
t o  the AOT by AGE d e s i g n a t i o n .  The f a i l u r e  reports a r e  broken down 
f u r t h e r  accord ing  to  d e s c r i p t i o n .  W 

5.7.8 R e l i a b i l i t y  Report  Analys is  (ARR-79) 

DISPLACEMENT OF OBJECTIVE LENS P/N 6011809 (LM) - R e l i a b i l i t y  
r e p o r t  ARR-79 described an i n v e s t i g a t i o n  o f  an  apparen t  d i s p l a c e -  
ment of the o b j e c t i v e  l e n s  i n  LM 614. I t  w a s  found t h a t  the tech- 
n ique  for t h e  a p p l i c a t i o n  o f  s p r a y  adhesion w a s  adequate ,  but 
cou ld  be improved. A hypersonic  s y r i n g e  w a s  used to  i n j e c t  a 
measured amount o f  adhesive between Xsns and housing.  

~ e l i a b i l i t y  E f f o r t  on Range f i n d e r  

A h i g h l i g h t  of Reliability e f f o r t  i n  e a r l y  1969 w a s  t h e  
q u a l i f i c a t i o n  t e s t i n g  of t h e  Range f i n d e r .  These tests, conducted 
on an around the clock basis, provided t h e  c o r r e c t i v e  a c t i o n s  t h a t  
were immediate ly  accomplished on t h e  f i r s t  f l i g h t  u n i t .  

RANGEFINDER QUALI FICATXON SUMMARY 

Environmental  q u a l i f i c a t i o n  t e s t i n q  of an Apollo Rangefinder 
(ARF), Kollsman P/N 2013250, S/N 0 0 2 ,  was i n i t i a t e d  on 24 January 
1969  and completed on 13 February 1969. 

The tests w e r e  performed t o  demonst ra te  the a b i l i t y  o f  tk-e Ah? 
to f u n c t i o n  w i t h i n  requ i red  t o l e r a n c e s  b e f o r e ,  d u r i n q ,  and a f t e r  
exposure  to the envi ronmenta l  design lid t. - ,  

I 
I) 



Table 5-18 

OUA DESIGN PROBLEM STATUS 

NATURE 
OUA IN- LINE 

RETROFIT EFFECTMTY CUSS PROBLEM 

S)ST TDA Shift wilh vibralion 

Motor-Tach Failure 

Performance R€-solved Incorporate st iffer  -re washers Authorited 207. 209 n 
and higher screw torqer. and up 

Reliability Resolved New: 4 M d o r  cmfigunt ion  Authorized 206. 209 I 
(bearing lube increase) and up 

Manual Adjust Knob Lock-up Re1 iability Class U Provide lead-in chamfer, shor ter  Authorized 206 II 
changes s p r i n ~  and spacer. . 
Implemented Modify with s h i n l e s s  steel  As Required 219 LI 

sleeve insert. 

;mage Spring Back Performance Resolved G and N System Control Change S 'A h A N .'A 

SXT SDA Shift with Vibration Pc rlormance Resolved InsIallation of beryllium wedges Authorized 296 I 

Eyepiece Vacuum Shin .  
Installation Ambiguity 

Performance Resobed Designed, Redesignated a s  
6;s- 

Beryllium Corrosion Reliability Resolved Developed beryllium passirration As  Required 216 N:A 
process. 

Performance Resolved Incorporation of new tmnnion 4 u t n o r i z d  206 I 
spring. 

Trunnion Hesitation 

Resolver Test hlodification Lo 
include l a d i n g  

SCT Gear Wear 

Heating Cable Strain Relief 

SXT Limit Stop Override 

Perfornlance Resolved P6X and MX zero's checked with N ;A 213 n 
load box in test circuil. 

Performance Resolved Omprove gear  meshing techniques As Required N 'A N /A  

Performance Resdved Eyepiece redesigned. Authorized N ;A I 

P e r f o r m  nce Resolved a d e s i g r e d  to insure disengagement Authorized 218 I 
and up  

Perfor manee Resolved Applicatlan d grease to plunger N ,'A N.A U 
suggested. 

Jammkg of EP Qdrk  
Disconnect 

Relbbilit y Resolved Addition of lock r a s h e r  to 
thumb screw suggested 

ESU E P  Mounting 

Reliability Resdved R e d e s i p  of Gear Box Cover Recor.rn?ended Pending U SXT Limit Stop Pin 



Table 5-19 

A m  DESIGN PROBLEM STATUS 

AOT- TDKZ 
IN- LINE 

EFFECTIVITY 
AOT 

RETROFIT PROBLEM NATURE STATUS CLASS - 
1 

1 

1 

1 

1. hlois ture rn counter.  Reliability Resolved Hermetic  Seal. 

2. P o o r  counter ill~:r.iination. P t  r lu rn~i ince  Resolved Provide illumination 

3. bmse  re t i c le  control knob. Reliability Resolved Incorporate  d r a g  in knbb. 

4. Ret icle  imperfections vlsible. R e l i n b ~ l ~ t y  Resolved Change bulbs in re t i c le  l amp 
assembly;  c l e a r  to red. 

5. Light leaking through ryrpuard .  P e r l ~ r n a n c e  Resolved Provide a n  eyeguard plug. 

6. AOT ccmtaniir~atic~~i. Re1i:it)i:ity Resolved Provide  Pro tec tor  o r  ' b w t  " 

7. Mech. and Optical Axis Per lo rGance  Resolved Provide objective lens centration. 
n i s r r l~gned .  

8. P r e s s u r e  s e a l  flar;~mable. Reliability Resolved Provide  f lame guards,  two 
versions: 

a. :-leavyweight &wards 
b. Li@twcight guards  

9. Therma.  blankets flammable. Reliability Resolved Provide t!icrmostat and re t i c le  
lam[, s e n ~ b l i c s  flanle p a r d s .  

10. St ray  light i n p a i r s  s t a r .  P c r  lor ~ n a n c e  Resolved Provide  a sunshade. 
sightings. 

1 s t  production lightweight flanie guard del ivered in t inie  f o r  AOT 610 retrof i t  ins ta lk t ion  in spacecraf t .  

*' Proposed cut-ins. 



Due To OUA Malfunction 

Other Than OUA Malfunction 

Malfunction Corrected or Allowed Per Waiver 
AT KOLLSMAN 

Failure Occurred at Receiving Inspection 

j(C No Failures 

DE SC RIPTIOC 

1 - SXT TDA Zero 
2 - SST SDA Zero 
3 - SCT SDA Zero 
4 - SCT TDA Zero 
5 - SXT Perp & Ecc 
6 - SXT Creep 

CAUSE 

D Design 
E Operator Error 
H Handling 
M 3Iisccllaneous 
P Part 
S Secondary 
T Test ~quip/Procedure 
V Visual 
\V Workmanship 

Figure 5-36. Block 11, OUA Failure Sununary 



1 - Visual and Dwg Comp 
2 - Focus and Resolution 
8 - Cursor Readout n 
4 - Power Match 

l-l L J  5 - Eccentricity and SL3S 
rV 
ID 

6 - Environmental Testing 0 
;D 

1 7 - Reticle - - -  - -  lamp^ 
* 

I 1  P 
-i - 

* NO FAILURES 

IN FIELD 

Figure 5-37.  LM AOT Failure Summary 
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Baseline testinq was per ITP 01609, p a r t  of a c c e p t a n c e  test  
p r o c e d u r e  KPS 11K 2013250. The equipment  and  methods u t i l i z e d  
i n  t h e  a c c e p t a n c e  t e s t  o f  t h e  ARF w a s  used i n  a l l  b a s e l i n e  tests, 

T h e  acan c o n t r o l  lower l i m i t  a t o p  w a s  o u t  o f  t o l e r a n c e  f o l l w i n q  
the q u a l i f i c a t i o n  v i b r a t i o n  test. The knob assembly was reset t o  
t h e  correct l i m i t  p o s i t i o n s  for  continuzt , j ,on o f  t e s t i n q ,  2nd an 
e n g i n e e r i n g  i n v e s t i g a t i o n  i n i t i a t e d .  TP, . l i m i t  s top  f a i l u r e  re- 
c u r r e d  d u r i n g  t h e  t h i r d  f u n c t i o n a l  t e s t  r n  t h e  t h e r m a l  vacuum en- 
v i ronmen t ,  w h i l e  t h e  s c a n  c o n t r o l  knob was b e i n g  e x e r c i s e d .  A 
t e m p ~ r a r y  f i x  w a s  performed c o n s i s t i n g  of csment inq  t h e  knob sub- 
assemblies. The knob performed s a t i s f a c t c r i l y  d u r i n g  t h e  remainder  
of t h e  t he rma l  vacuum test, and i n  t h e  p o s t  thermal vacuutn b a s e l i n e ,  
The f i x  w a s  t h e n  removed and t h e  knob assembly modi f ied  as re- 
d e s i g n e d  t o  resolve t h e  s l i p p a g e  problem. M o d i f i c a t i o n  c o n s i s t e d  of 
t h e  i n s t a l l a t i o n  of a set screw t o  p r o v i d e  a p o s i t i v e  l o c k i n g  a c t i o n  
w h i l e  p r o v i d i n g  f o r  a d j u s t m e n t ,  i n  t h e  scan.ning c o n t r o l  knob, 
R e t e s t  i n  v i b r a t i o n  and shock have  v e r i f i e d  +-hat t h e  r e d e s i g n e d  
s c a n  c o n t r o l  knob assembly i s  now a d e q u a t e l y  iocked.  The l i m i t  
stop modi f ica t iox i  n e c e s s i t a t e d  d i s a s s e m b l y  of t h e  s c a n  c o n t r o l  knob. 
It  was found t h a t  the d e v i a t i o n  wedges and the r ange  scan  drum had 
i n a d v e r t a n t l y  been thrown o u t  o f  a l i g n m e n t  d u r i n g  t h e  rework,  I n  
order to  a v o i d  l e n g t h y  r e a l i g n m e n t  p r o c e d u r e s ,  which may have re- 
quired d i s a s s e m b l y  o f  t h e  A R F ,  i t  w a s  decided t h a t  t h e  r a n q e  a c c u r a c y  
achieved a t  t h a t  p o i n t  be used as a b a s e l i n e  f o r  t h e  remainder  of 
the test. 

In the b a s e l i n e  t es t  f o l l o w i n g  t h e  knob rework,  t h e  limit 
stop p o s i t i o n s  w e r e  checked by d i f f e r e n t  operators, w i t h  e r r a t i c  
r e s u l t s .  The c a u s e  w a s  found t o  be a s h i f t i n g  c o n d i t i c  o f  t h e  
c u r s o r  window. I t  w a s  n o t e d  t h a t  t he  c u r s o r  qlass cou,* be moved 
as desired by j a r r i n g  the i n s t r u m e n t .  The q u a l i f i c a t i o n  zest  was 
c o n t i n u e d  w i t h  t h e  c u r s o r  located i n  a known p o s i t i o n ,  w i t h  rework 
t o  be per formed  later ,  s i n c e  t h e  r ema in inq  tes t  e x p o s u r e s  were 
climatic o n l y ,  Review of t h e  assembly r e q u i r e m e n t s  showed t h a t  t h e  
window s h o u l d  have been cemented i n  p l a c e .  I t  w a s  de t e rmined  t h a t  
A R F  serial numbers 0 0 3  and 004 had been  cemented as required, 
Fo l lowing  t h e  c a b i n  atmosphere test ,  t h e  window w a s  s e c u r e d  as  
specified, and was t h e n  subjected t o  a retest i n  v i b r a t i o n  and 
shock. B a s e l i n e  t e s t s  results v e r i f i e d  t h a t  the window does n o t  
s h i f t  when p r o p e r l y  cemented i n  place. 

One of t h e  three locki.r,g p i n s  i n  t h e  eyepiece assembly f e l l  
o u t  a f t e r  t h e  shock t e s t  exposure .  The p i n  and  its ma t ing  hole 
were measured a g a i n s t  drawing r e q u i r e m e n t s  ; t h e  p i n  w a s  found .t;o 
be t a p e r e d  such t h a t  i t  d i d  not p r o v i d e  a force fit. Replacement 
with a pin of the correct diai-reter r e s u l t e d  ' n an  a c c e p t a b l e  
assembly, which s u r v i v e d  a l l  s u b s e q u e n t  dynamic tests . 
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m o  of the t h r e e  eyep iece  lock ing  p i n s  were noted  t o  be 
c o r r o d e d  fo l lowing  t h e  humidity test ,  (The t h i r d  p i n ,  which had 
been p r e v i o u s l y  r ep laced  as d e s c r i b e d  above, was s l i g h t l y  corroded,  ) 
The material s p e c i f i e d  f o r  the s u b j e c t  p i n s  i s  s t a i n l e s s  s teel ,  
type 416, which w i l l  co r rode  i n  a s e v e r e  environment,  The e f f e c t  of 
p i n  c o r r o s i o n  on o p e r a t i o n  of t h e  ARF w a s  reviewed, I t  w a s  con- 
c l u d e d  t h a t  t h e  presence  o f  p in  c o r r o s i o n  w i l l  n o t  a f f e c t  ARF 
o p e r a t i o n ;  t h e r e f  o r e ,  the  u n i t  wi 11 n o t  be modified. 

Range drum i l l u m i n a t i o n  appeared to  be d i m  a f t e r  t h e  q u a l i f i -  
I 

c a t i o n  v i b r a t i o n  test  . I n v e s t i g a t i o n  showed t h a t  t h e  i l l u m i n a t i o n  
l e v e l  had been normal; and t h a t  t h e  a p p a r e n t  c u r s o r  i l l u m i n a t i o n  i s  
dependent  on background l i g h t .  

One end o f  t h e  Porro  prism w a s  found t o  be chipped away a f t e r  
t h e  R e q u a l i f i c a t i o n  V i b r a t i o n  t e s t ,  However, s i n c e  t h e  prism had 
s u c c e s s f u l l y  undergone i n i t i a l  q u a l i f i c a t i o n ,  the f a i l u r e  i s  n o t  
cons ide red  re l e v a n t .  

5.7.10 Waiver Summary 

OUA - 
F i g u r e  5-38 illlistrates t h e  number of waivers a s s i g n e d  t o  

the O p t i c a l  U n i t  by AGE d e s i g n a t i o n .  The wa ive r s  are f u r t h e r  classi- 
f i e d  as  t o  r e l e v a n t  and non-relevant  d i s p o s i t i o n ,  S t a r  symbols 

4 

i n d i c a t e  no waivers a s s i g n e d  t o  t h a t  AGE. 

AOT - 
F i g u r e  5-39 i l l u s t r a t e s  t h e  number of wa ive r s  a s s i g n e d  t o  

t h e  Alignment Te lescope  by AGE d e s i g n a t i o n .  The waivers a r e  f u r t h e r  
classified as t o  r e l e v a n t  and non-re levant  d i s p o s i t i o n .  Star 
symbols i n d i c a t e  no wa ive r s  a s s igned  t o  t h a t  AGE. 



6 

Figure 5-38, OUA WAIVER SUMMARY (BLOCK 100 AND BLOCK 11) 

Figure 5-39.  AOT WAIVER SUMMARY 
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Sec t i on  6 

QUALITY ASSURANCE 

6.1 SUMMARY O F  THE YEAR ENDING 31 DECEMBER 1962 

6.1.1 Program E f f o r t  

6.1.1.1 Assignment 

Q u a l i t y  Assurance was ass igned  t h e  r e s p o n s i b i l i t y  for  ensu r ing  
the q u a l i t y  of  the S e x t a n t  ( S X T ) ,  t h e  Scanning Telescope (SCT), t h e  
Map and Data V i e w e r  Display Unit  (MDV), and t h e  Ground Support  
Equipment (GSE) and t o  a s s u r e  t h a t  t h e  elements  t he r eo f  are i n  coan- 
p l i a n c e  wi th  NASA Q u a l i t y  P u b l i c a t i o n s  NPC 200-2 and NPC 200-3 and 
~ f ~ - ~ - 9 8 5 8  r e s p e c t i v e l y .  Th i s  inc luded  t h e  e s t ab l i shmen t  and moni- 
t o r i n g  of a l l  c o n t r o l s  necessary  t o  f u l f i l l  t h i s  r e e p o n e i b i l i t y .  

 he Q u a l i t y  Assurance Group worked under T.D.'s K 4 ,  K-11 and 
K-30. 

6.1.1.2 Accomplishments 

A vendor s e l e c t i o n  program got  underway wi th  q u a l i t y  surveye  
conducted a t  t h e  f a c i l i t i e s  o f  f o u r  proepective! Apol lo  s u p p l i e r s .  
The conc lus ions  o f  these surveys  were as fol lows:  

(a) Reeves Ins t rument  Corp - Unqual i f ied approval  
(b) American Beryll ium Co. Inc .  - J n q u a l i f i e d  approval  
( c )  Fish  Schunnan - Approved as a source  for raw g l a s s ,  

b u t  disapproved as a f a b r i c a t i o n  and/or processor .  
(d) American P r e c i s i o n  Industries - Approved f o r  g e n e r a l  

machining, b u t  disapproved for be ry l l ium f a b r i c a t i o n .  

P r e l im ina ry  v i s i t s  were made t o  D.W. Mann Co., The Barden Corp. 
and Belock Ins t rument  Corporat ion t o  determine the c a p a b i l i t y  of I 

these p r o s p e c t i v e  vendors to produce and i n s p e c t  tne close t o l e r a n c e  
items contemplated for their manufacture. I n  a d d i t i o n ,  Kollsman 
evaluated i n s p e c t i o n  equipment needs t o  determine t h e  economics of I 

sou rce  i n s p e c t i o n  ve r sus  the acqu i s i t i o r .  of a d d i t i o n a l  capital  
1 
1 
I 

equipment. 

Historical q u a l i t y  informat ion  a v a i l a b l e  on p rospec t i ve  sources  
4 
X 

for  r o t a t i n g  components was developed f o r  USL by tho Reliability 
group fo r  t h e i r  e v a l u a t i o n  i n  q u a l i f y i n g  p a r t s  and vendors. 
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A comprehensive l i s t i n g  of f a c i l i t i e s  and equipment r e q u i r e d  
for the q u a l i t y  a s s u r a n c e  a s p e c t  of t h e  p r o j e c t  was developed. 
These, r equ i remen t s  were based upon d e s i g n  i n f o m a t i o n  a v a i l a b l e  a t  
t h e  t i m e ,  and would p rov ide  a complete c a p a b i l i t y  o f  v s r i f i c a t , i o n ,  
p r o d u c t  and process e v a l u a t i o n ,  and f a i l u r e  a n a l y s i s .  

The document fami ly  tree prepa red  f o r  t h e  S e x t a n t  (SXT) and 
Scanning Telescope (SCT) was reviewed. I n s p e c t i o n  and t e s t i n g  re- 
qu i remen t s  were i n s e r t e d  a t  t h e  proper p o i n t s .  The a p p l i c a b l e  docu- 

I m e n t a t i o n  r equ i remen t s  r e l a t i n g  t o  i n s p e c t i o n  and t e s t i n g  were also 
no ted  a t  each i n s p e c t i o n  p o i n t .  T h i s  alerted a l l  project pe r sonne l  
t o  t h e  need f o r  s p e c i f i c  equipment and e f f o r t  i n  t h e  r e s p e c t i v e  
areas. 

P r e l i m i n a r y  d e s i g n  reviews were conducted on drawings r e c e i v e d  
from MIT i n  a pre-Class B ( p r e l i m i n a r y  drawings - released o n l y  
fo r  breadboard f a b r i c a t i o n )  s t a t e .  Review at t h a t  p o i n t  allowed 
n e c e s s a r y  changes t o  be made a t  MIT w i t h o u t  having e u y  go through a 
f omal change c o n t r o l  p rocedure ,  and t h u s  r educ ing  p o s s i b l e  d e l a y s  
d u r i n g  W e  formal  d e s i g n  review phase, 

A s  per r e q u e s t ,  a n  e x p l o r a t o r y  meeting w i t h  A i r  Fo.rce Newt York 
C o n t r a c t  Management District p e r s o n n e l  was h e l d  t o  d i s c u s s  t h e  
  pol lo program a t  Kollsman, and t h e  A i r  F o r c e ' s  role as a irecondary 
a d m i n i s t r a t o r .  An in fo rmal  p r e s e n t a t i o n  was made t o  t h e  A i r  Force  

h d  

d e s c r i b i n g  t h e  f u n c t i o n  and o u t l i n e  d e s i g n  of t h e  S e x t a n t ,  the 
Scanning Telescope and t h e  Map and Data V i e w e r  Display Uni t .  

P r e s e n t a t i o n 8  were made to  Kollsrnalr e x e c u t i v e  and management 
p e r s o n n e l  d e s c r i b i n g  t h e  role of Q u a l i t y  Assurance on t;ds project, 
and t h e  r e s p o n s i b i l i t i e s  o f  t h e  v a r i o u s  depar tments  for e n s u r i n g  
complete cvrnpliance wi th  NASA Q u a l i t y  P u b l i c a t i o n s  NPC 200-2 and 
NPC200- 3.  

The proposed NASA S p e c i f i c a t i o n  ND 1015404, "Conf igura t ion ,  
Process and Q u a l i t y  C o n t r o l  Requirements for S u p p l i e r s  o f  High R e l i -  
a b i l i t y  Articles for U s e  i n  S p a c e c r a f t  and Suppor t ing  Equipment", 
w a s  reviewed,  and comments w e r e  t r ansmik ted  to MIT, 

M he Kollsman Apol lo  Q u a l i t y  Assurance Manual w a s  completed and 
reviewed; and a l ist  compiled of  minor c o r r e c t i o n s  and a d d i t i o n s  
n e c e s s a r y  for t h e  efficient a d m i n i s t r a t i i a  of t h e  procedures .  These 
r e f inement s  were i n c o r p o r a t e d  i n t o  the manual d u r i n g  f i n a l  puhlica- 

i t i o n .  

i n g  
f o r  

A v i s i t  w a s  made t o  Bendix (Eclipse P i o n e e r  Div i s ion)  regard- 
a one hundred and twenty-eight  p o l e ,  u l t r i  -precise r e s o l v e r ,  
u se  on t h e  S e x t a n t .  

v 



KOLLSMAN INSTRUMENT CORFORATlON 

F i x t u r e  requirements  to  s imu la t e  t h e  func t ion  o f  t h e  r e s o l v e r  
i n  the Trunnion Assembly were developed for  acceptance  t e s t i n g  by 
'8,bl.b118man. 

The -n., o p t i c a l  glass requirement8 for t h e  Scanning Telescope 
were r e v i 2 . &  and grouped according  t o  xype and grade. A s  a p a r t  
of t h i s  review, s p e c i a l  i n s t r u c t i o n s  were formulated for  t h e  in -  
s p e c t i o n  requirements  o f  t h e  raw glass m e l t s .  

Grumman and K a a r f o t t  were v i s i t e d  i n  a con t inu ing  s t udy  of 
c l e a n  room ope ra t i ons .  

Qua l i t y  ;Assurance assisted the  R e l i a b i l i t y  Group i n  t h e  r:,rep- 
& r a t i o n  of an i n t e g r a t e d  f a i l u r e  r e p o r t i n g  system f o r  i n - p l a n t  and 
f i e l d  malfunct ions.  

Purcllase Orders for r a w  glass, and f o r  cmponen t s  of Factory  
~ e s t  Equipment and GSE were reviewed and approved by Qua l i t y  
Assurance. 

6.1.1.3 Major Problems 

p re l iminary  informat ion  i n d i c a t e d  t h a t  MIT in tended  to  p l a c e  
one approved source  on some cri t ical  drawings. Thus, a change i n  
source  would i nvo lve  a formal eng inee r ing  change. Should a vendor, 
r e a l i z i n g  t h a t  t.,? is  the only  approved source ,  r e f u s e  to  comply 
w i th  NPC 200-3, d i f f i c u l t y  and d e l a y  could  arise on scheduled de- 
l i v e r i e s .  C l a r i f i c a t i o n  o f  MIT's role i n  e v a l u a t i n g  vendor confor-  
rnance t o  the NASA Q u a l i t y  P u b l i c a t i o n s  was obtained.  

6 . 2  SUMMARY O F  YEAR ENDING 31  DECEMBER 1963 

6.2.1 Program Effoui; 

6.2.1.1 Assignments 

Qua l i t y  Assurance was responsible fur prepar ing  and implemen- 
t i n g  the detailed proceduren,  methods and d i r e c t i v e s  of a Q u a l i t y  

I Assurance program which i s  i n  accordance wi th  the requi rements  of 
I 
I NASA Q u a l i t y  P u b l i c a t i o n s  NPC 200-2 and NPC 200-3. 

5 . 2 . L . 2  Accomplishments 

S e l e c t i o n  of procurenlent s o u r c e s  cont inued wi th  a two-pronged 
effor t  invo lv ing  both  a review of t h e  q u a l i t y  h i s t o r y  of possible 
  pol lo program spppliers and a survey  o f  t hose  s u p p l i e r s '  faci l i t ies 
and procedures .  Ex tens ive  asszs t ance  w a s  f : . rnished to p o t e n t i a l l y  
desirable s u p p l i e r s  who did n o t  comply f u l l y  w i th  a l l  a p p l i c a b l e  
q u a l i t y  requirements .  As a result, several of these sources  were 
p laced  on the list of approved ApoLo prograin s u p p l i e r s .  
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A sununary of  t h e  procurement source  e v a l u a t i o n  dur ing  the 
y e a r  f ol lowe : 

Pioneer  A s t r o  I n d u s t r i e s ,  C h i c a g o ,  111. 
Approved f o r  p r e c i s i o n  machinery i n c l u d i n g  beryl l ium.  

Speeding Corp., Warren, Mich. 
Approved f o r  p r e c i s i o n  machinery i nc lud ing  bsry l l ium.  

Leemath Inc . ,  Syosse t ,  N.Y. 
Approved f o r  p r e c i s i o n  machinery i nc lud ing  beryl l ium.  

B. G. Ins t rument  Corp., Corona, N.Y. 
Approved f o r  p r e c i s i o n  machinery i nc lud ing  beryl l ium.  

W' 

Beryl l ium Mfg. Gorp., Valley Stream, N.Y. 
Approved f o r  p r e c i s i o n  machinery i n c l u d i n g  beryl l ium.  

Moore S p e c i a l  Tool C o , ,  Br idgepor t ,  Conn. 
Approved f o r  non-bery l l i cm p r e c i s i o n  machinery. 

Curt iss-Wright ,  E l e c t r o n i c s  Div i s ion ,  E a ~ t  Pa te r son ,  N. 3. 
Approved for e l e c t r o n i c ,  electrical and e lec t ro-mechanica l  
l i f e  t e a t i n g  . 

Minia tu re  P r e c i s i o n  Bearings,  Inc . ,  Keene, N. H. 
Approved f a r  b a l l  bear ings .  

S p l i t  B a l l  Bearing Divis ion ,  Lebanon, N. H. 
Approved for b a l l  bear ings .  

New Hampshire B a l l  Bearing,  Peterborough, N. H. 
Approved f o r  b ~ l l  bear ings .  

Braun Tool & Ins t rument  Company, Hawthorne, N. J. 
Q u a l i f i e d  approval  for p r e c i s i o n  stampings;  w i l l  :<qi~~'cd 
s u r v e i l l a n c e .  

Barden B a l l  Bearkngs,  Inc., Danbury, Conn. 
Approved for ball bear ings .  

Beryl l ium Corp., Nuclear Div., Hazleton,  Pa. 
Approved s u p p l i e r  of beryllium i n g o t s  and rough machined 
be ry l l ium components; n o t  q u a l i f i e d  for  h e a t  t r e a tmen t  of 
beryllium per ND 1002092. 

Arwood Corpora t ion ,  T i l t o n ,  N.H. 
Approved f o r  non-ferrous inves tment  ccrstings. 
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Hudson Tool 6 D i e ,  I n c , ,  Newark, N. 3. 
Approved f o r  deep draw work; 
KI t o  supply  m a t e r i a l .  

Custoraatic ,  Stamford, Connec t i cu t  
Approved f o r  F.T .Z .  on ly .  

Penn-Keystone, Derby, Connec t i cu t  
Approved for  l i g h t e d  i n d i c a t o r s  ( P e a k l i  te p r o c e s s )  

Meta-Vac, Inc .  , Flushing ,  N.  Y. 
Disapproved f o r  Apollo prime equipment. 

Kinney Vacuum, Camden, New J e r s e y  
Approved for o p t i c a l  c o a t i n g s .  

Messinger B a l l  Bear ings ,  P h i l a d e l p h i a ,  Pa. 
Approved f o r  P.T.E.  & G.S.E. b e a r i n g s  only ;  no th ing  
a m a l l e r  t h a n  8" I . D .  bore. 

Melland Gear Company, Jamaica, New York 
Approved f o r  f a b r i c a t i o n  of gears. 

C l i f t o n  P r e c i s i o n  Produc t s  Co. ,  Inc . ,  C l i f t o n  Heights ,  Pa. 
Approved f o r  motor g e n e r a t o r s ,  r e s o l v e r s ,  synchros .  

Kaydon Engineer ing  Corp., Muskegon, Michigan 
Approved f o r  b a l l  b e a r i n g s  

Newcomb S p r i n g  Company, V a l l e y  Stream, N. Y. 
Disapproved. 

Palmyra Foundry , Palmyra, New 3 e r s e y  
Disapproved. 

Eastman Kodak, Rochester ,  N e w  York 
Approved far lenses and o p t i c a l  c o a t i n g s .  

Bausch & Lomb, Rochester, New Ysrk 
Approved f o r  lenses and optical  c o a t i n g s .  

R i l e y  G e a r  Corpora t ion ,  N .  Tonawanda, N. Y. 
Approved f o r  f a b r i c a t i o n  of gears. 

Lee  S p r i n g  Compaay, Sxooklyn, New York 
Approved f o r  springs. 

Eclipse  P ionee r  Division of Bendix, Te te rboro ,  N. J. 
Approved for r e s o l v e r s ,  synchros ,  motor g e n e r a t o r s .  
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K e a r f o t t  Div. o f  General  Aerospace I n c . ,  A s h e v i l l e ,  N o ,  C a r .  
Approved f o r  r e s o l v e r s ,  synchros ,  motor g e n e r a t o r s .  

Sander s  A s s o c i a t e s ,  Nashua, N. H, 
Approved f o r  f l e x p r i n t  (F lexcab le  &/or h a r n e s s e s )  

T a y l o r  & Helander  Manufacturing CO., C l i n t o n ,  Conn, 
Disapproved. 

C o n t i n e n t a l  Connectors ,  Woodside, New York 
Approved f o r  connec to r s .  

P a r k e r  Seal Co., E a s t e r n  Div i s ion ,  Beria, Kentucky 
Approved f o r  0 r i n g s ,  rubber  seals and s e a l i n g  dev ices .  

P o l a c o a t ,  I n c . ,  F lue  A s h ,  Ohio  
Disapproved for  Apol lo  prime. 

P h o t r o n i c s ,  F lush ing ,  N. Y. 
Disapproved. 

F.W. B l a n c h e t t e  Co., C l i f t o n ,  N. J, 
Approved gauge labora tory-mechanica l  i n s p e c t i o n  s e r v i c e s ,  

Solveze ,  I n c .  , S a n t a  Anna, C a l i f o r n i a  
Appz,oved for r o t a t i n g  components. 

Stewart  T r a n s  Lux Corp., Torrance ,  C a l i f o r n i a  
Disapproved 

P a r k e r  Seal Co., Western D i v i s i o n  C u l v e r  C i t y ,  C a l i f o r n i a  
Approved f o r  metal r e t a i n e d  seals, 

A u t o t r o n i c s ,  I n c . ,  F l o r i s s a n t ,  Mo, 
Approved for c l u t c h e s ,  brah3s and for g e n e r a l  machining 
e x c e p t  B e .  

K.  W. Thompson Tool C o . ,  New Hyde Park ,  N.Y. 
Approved f o r  f e r r o u s  and non-fer rous  inves tment  c a s t i n g s .  

A t l a s  P a t t e r n  and Mold Co., Brooklyn, N , Y .  
C o n d i t i o n a l  approva l  f o r  sand c a s t i n g s .  

La  Vezzi Machine Works, Chicago, Ill.  
Approval l imi ted  t o  c u t t i n g  of  s p r o c k e t  t e e t h  o n l y ,  

I n d u s t r i a l  T e c t r o n i c s ,  Ann Arbor, M i c t . .  
Disapproved,  access denied-awards n o t  permitted. 

A s  t r o  G e a r ,  S toughton,  Mass. 
Approved f o r  gears and g e a r  assernblied ( d i f f e r e n t i a l s )  
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D.W. Malnn Co., Lincoln,  Mass. 
Limited approval  - o p t i c a l  engraving and assembly only 
KI to  supply raw m a t e r i a l  

Po la ro id  Corp., P o l a r i z e r  Div., Cambridge, Mass. 
Approved f o r  f a b r i c a t i o n  and process  of po l a r i zed  f i l t e r s .  

Long I s l a n d  Metal Spinning,  Freepor t ,  N. Y e  
Disapproved. 

Mechanical Rubber Products ,  Warwick, N.  Y. 
Approved f o r  processing rubber  and rubber  products .  

General  Product  and Gear Co., Lynn, Mass. 
Disapproved. 

Eas te rn  Heat T r e a t ,  Glen Cove, New York 
Approved f o r  h e a t  t r ea tment  of a l l  metals. 

Omicro, Inc,, Westbury, L. I. 
Limited approval  - 2 o r d e r s  max., pending f u r t h e r  review. 

New Je r sey  Gear and Mfg. Co . ,  Inc . ,  H i l l s i d e ,  N.  J. 
Approved f o r  gears .  

O p t i c a l  Coating Laboratory,  Inc . ,  Santa  Rosa, C a l i f .  
Approved f o r  vacuum depos i t i on  of  o p t i c a l  coat ings .  

Davidson Optronics ,  Inc . ,  W. Covina, C a l i f o r n i a  
Approved f o r  manufacture of o p t i c a l  ins t ruments  and 
components. 

Vinco Corp., D e t r o i t ,  Mich. 
Approved f o r  gears .  

Equi tab le  Engineering Royal Oak, Mich. 
Approved f o r  g e a r s ,  gear masters. 

C .  B. Kaupp and Sons, Maplewood, N. J. 
Approved f o r  deep drawing, hydraform and metal spinning.  

Serv ice  Machines, Elizabeth, N. J. 
Disapproved f o r  Apollo prime. 
Requires s u r v e i l l a n c e  a l l  o t h e r  work. 

Greenf ie ld  Tap and D i e ,  Greenf ie ld ,  Mass. 
Approved f o r  w a n 0  g e a r s  only. 

General Foundry, Coroaa, N.  Y. 
Appra:ed as source f o r  non-ferrous sand ca s t i ngs .  



KOLLSMAN INSTRUMENT CORPORATION 

P l a i n v i l l e  Cas t ing  Co., Ind ian  Orchard,  Mass. 
Not approved. 

Ten Bosch Co., P l e a s a n t v i l l e ,  N. Y. 
N o t  approved f o r  be ry l l ium machining. 

Mitron R&D Corp. Waithams, Mass. 
Approved f o r  development & mfg. of Apol lo  c o n t a i n e r s .  

Sigma Ins t rument s ;  S. B r a i n t r e e ,  Mass. 
T e n t a t i v e  approval  as Apollo s u p p l i e r  pending survey.  

Kappel 6 Mazur, Westbury, N.  Y. 
Not approved. 

N a t i o n a l  B e r y l l i a  Corp., H a s k e l l ,  N.  J. 
Approved a s  Apol lo  s u p p l i e r .  

Weckesser Co., I n c . ,  Chicago, I l l .  
C o n d i t i o n a l  approval  as s o u r c e  f o r  nylon cables, straps, 
e t C e  

Vernon P l a t i n g ,  Woodside, N. Y .  
Approved f o r  p l a t i n g  comments n/a f o r  b l a c k  anodize  of 
be ry l l ium.  

Mepco, Morristown, N.  J. 
Approved f o r  t r a n s i s t o r s ,  c a p a c i t o r s .  

Sumr,~i t F i n i s h i n g ,  Thomaston, Conn. 
Approved f o r  a l l  p l a t i n g  
C o n d i t i o n a l  approva l  f o r  b l ack  anod ize  of bery l l ium.  

Design review a c t i v i t y  i n c r e a s e d  s i g n i f i c a n t l y  as the f l o w  of 
d e t a i l e d  drawings accelerated. During t h e  y e a r  Q u a l i t y  Assurance 
p a r t i c i p a t e d  i n  s e v e r a l  des ign  review s e s s i o n s ,  each  cover ing  a t  
least twenty drawings ranging  i n  s t a t u s  from pre-Class B through 
C l a s s  A. During these reviews e x t e n s i v e  QUA. e f f o r t  w a s  devoted 
t o  t h e  r e d u c t i o n  of d e s i g n  inadequac ies  which may cause  problems t o  
a r i s e  d u r i n g  t he  i n s p e c t i o n E  procurement,  f a b r i c a t i o n ,  s t o r a g e ,  
assembly and test  phases .  The p r e v e n t i v e  accamplishments o f  t h e  
d e s i g n  review a c t i v i t y  w a s  d e f i n i t e l y  reflected d u r i n g  la t te r  phases  
of  t h e  program. 

S p e c i f i c a t i o n s  called o u t  on b l u e p r i n t s  submi t t ed  f o x  des ign  
review were i n  t u r n  reviewed t o  de te rmine  t h e i r  a p p l i c a b i l i t y  and 
adequacy. P a r t i c u l a r  a t t e n t i o n  w a s  devoted to t h e  q u a l i t y  and in -  
s p e c t i o n  p o r t i o n s  of these s p e c i f i c a t i o n s  . I n  addi t i s n  to  reviewing 
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and commenting upon t h e  s p e c i f i c a t i o n s  a l r e a d y  appear ing  on t h e  
b l u e p r i n t s ,  0. A. recommended a d d i t i o n s  and r e v i s i o n s  and monitored 
compliance w i t h  such recommendations. 

The Q u a l i t y  Assurance Group recommended c l a r i f i c a t i o n s ,  re- 
v i s i o n s  and re f inements  t o  i t s  s e c t i o n  of t h e  NASA s t a t e m e n t  of 
Work for t h e  Apol lo  c o n t r a c t .  The i n t e n t  of  these recommendations 
w a s  t o  p r o v i d e  a q u a l i t y  l e w l  commensurate w i t h  s p e c i f i c  hardware 
r equ i remen t s  a t  a reasonab le  cost w i t h  t h e  l e a s t  de lay .  These 
recanmendations were g e n e r a l l y  a c c e p t a b l e  t o  NASA, MSC. 

Based upon t h e  l i m i t e d  d e s i g n  in fo rmat ion  which w a s  available 
on t h e  Bendix p r e c i s i o n  r e s o l v e r ,  Q. A. developed a method o f  i n -  
s p e c t i o n  which s i m u l a t e s  t h e  end u s e  o f  t h a t  c r i t i c a l  component. 
I n  c o n j u n c t i o n  w i t h  t h i s ,  Q. A. proposed s p e c i a l  t e s t  equipment 
which accomplished the d e s i r e d  i7 , . rspect ions .  The Kollsman test  equip- 
ment group o b t a i n e d  more i n f o m a t i o n  on t h e  r e s o l v e r  prior t o  de- 
t a i l i n g  t h e  i n s p e c t i o n  equipment d e s i ~ n .  Subsequent ly ,  Q u a l i t y  
Assurance p r o v i s i o n s  f o r  t h e  procurement o f  t h e  s i x t y - f o u r  Speed 
Resolver  were s u c c e s s f u l l y  n e g o t i a t e d  d u r i n g  a meeting a t t e n d e d  by 
r e p r e s e n t a t i v e s  o f  NASA, KI and E c l i p s e - P i o n e e r  D i v i s i o n  o f  Bendix 
Gorp. Dur i rg  t h i s  meeting t h e  NASA r e p r e s e n t a t i v e  a s s i s t e d  i n  t h e  
development o f  mutua l ly  a c c e p t a b l e  i n t e r p r e t a t i o n s  of a p p l i c a b l e  
NASA q u a l i t y  s p e c i f i c a t i o n s .  These i n t e r p r e t a t i o n s  s e r v e d  as a 
gu ide  i n  s imilar  n e g o t i a t i o n s ,  such  a s  t h o s e  conducted w i t h  C l i f t o n  
P r e c i s i o n  Produc t s  Corporat ion.  

Kollsman inspec t ion  pe r sonne l  completed s o u r c e  i n s p e c t i o n  
tests on t h r e e  s i x t e e n  speed r e s o l v e r s  s u p p l i e d  by Bendix, E c l i p s e  
P i o n e e r  ~ i v . ,  and C l i f t o n  P r e c i s i o n  Produc t s .  E x c e l l e n t  correla- 
t i o n  with i n i t i a l l y  recorded  v a l u e s  w a s  observed  f o r  t h e  electrical 
accuracy  measurements. 

One s i x t y - f o u r  speed r e s o l v e r  w a s  r e c e i v e d  from Bendix and 
accep ted  a g a i n s t  a Material Review Report. P rev ious  d i f f i c u l t i e s  
encountered  w i t h  r e p e a t a b i l i t y  w e r e  traced t o  t h e  t e s t  equipment 
and were corrected. While t h e  accuracy  o f  t h e  u n i t  was o u t s i d e  
the  t o l e r a n c e  l i m i t s  (hence t h e  MWR) r e p e a t a b i l i t y  was good. Tk e 
r e s o l v e r  was forwarded to MIT/IL, a t  t h e i r  r e q u e s t  and w i t h  the 
c o n c u r r e n t  of NASA/RASPO, f o r  f u r t h e r  t e s t i n g  and a n a l y s i s .  Upon 
r e t u r n  it w a s  used i n  AGE 3. 

F i n a l  accep tance  t e s t i n g  of  s i x t y - f o u r  speed r e s o l v e r s  Serial 
NOS, 2 and 3 neared  completion.  Electrical e r r o r  s p r e a d  e x h i b i t e d  
by these t w o  units improved c o n s i d e r a b l y  i n  comparison t o  t h e  
s p r e a d  o b t a i n e d  from the first u n i t  d e l i v e r e d .  Although the maxi- 
mum error approached s i x  (6) arc seconds ,  t?.: u l t i m a t e  goal of 
three (3) arc secgnds was expec ted  t o  be ach ieved  based on the 
improvements demonstra ted t o  date. 
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S e v e r a l  releases of  Fac tory  T e s t  Equipment (FTE) assemblies 
w e r e  i s s u e d  t o  t h e  shop and t o  s u p p l i e r s .  Q u a l i t y  Assurance esta- 
b l i s h e d  t h e  q u a l i t y  requi rements  for t h e s e  components and monitored 
t h e i r  implementa t ion .  Tqcluded i n  t h i s  e f f o r t  w a s  a Q .  A. a u r v e i l -  
l anca  of t h e  c a l i b r a t i o n  and acceptance  p rocedure  employed by t h e  
Moore Special Tool 60, of Br idgepor t ,  Connec t i cu t ,  on a high- 
accuracy  indexing  table which is par t  o f  t h e  P r e c i s i o n  T e s t  F i x t u r e .  

Conferences  were h e l d  w i t h  i n d i v i d u a l  p r o s p e c t i v e  s u p p l i e r s  i n  
I 

an  e f fo r t  t o  f a m i l i a r i z e  them w i t h  Kollsman Apol lo  Q u a l i t y  Assurance 
r equ i remen t s  and g o a l s .  Such confe rences  were g e n e r a l l y  h e l d  w i t h  
p o t e n t i a l  s u p p l i e r s  of  c r i t i C a l  i t e m s ,  i .e., t h e  Barden Corpora t ion ,  
Moore Special Tool Company, etc. ,  so t h a t  these companies had a n  
o p p o r t u n i t y  t o  implement a l l  of  t h e s e  r equ i remen t s  prior t o  pre- 
award survey .  

Procurement Document Review began. Q u a l i t y  Assurance reviewed 
a l l  purchase  r e q u i s i t i o n s ,  adding t o  them a l l  special i n s t r u c t i o n s  
and i n f o r m a t i o n .  A w o r '  s t a t e m e n t  s p e l l i n g  o u t  most of t h e  special 
Kollsman Apol lo  q u a l i t y  requi rements  w a s  p repa red  f o r  a t tachment  
t o  each  Request f o r  Q u o t a t i o n  and each Purchase  Order. I n  a d d i t i o n ,  
a l l  Purchase  Orders r e c e i v e d  a f i n a l  Q. A, review prior  t o  t h e i r  
release. 

A member of t h e  Apollo Q u a l i t y  Assurance Group a t t e n d e d  an  
optical t o o l i n g  seminar  sponsored by t h e  American S o c i e t y  of Tool 
and Manufactur ing Engineers .  S e v e r a l  d i s c u s s i o n s  were d i r e c t l y  re- 
lated t o  aspects of t h e  O p t i c a l  Subsystem, and a p r e s e n t a t i o n  cover-  
i n g  s i g n i f i c a n t  in fo rmat ion  o b t a i n e d  from t h i s  seminar  w a s  made t o  
t h e  o t h e r  Kollsman Apol lo  Engineer ing  pe r sonne l .  T r a i n i n 5  such as 
this k e p t  Kollsman A p s l l o  pe r sonne l  abreast o f  t h e  advances and l i m i -  
t a t i o n s  of  i n d u s t r y ,  and t h u s  he lped  t o  p r o v i d e  an  advanced real is t ic  
approach t o  t h e  s o l u t i o n  o f  problems. 

A Navy Department q u a l i t y  m o t i v a t i o n a l  f i l m ,  " I n t e g r i t y  ~ l u s "  
w a s  shown t o  an audience  r e p r e s e n t i n g  I n s p e c t i o n ,  Manufacturing,  
Engineer ing  and Management. The showing of t h i s  e x c e l l e n t  f i l m  w a s  
part of a c o n t i n u i n g  t r a i n i n g  program a t t e m p t i n g  t o  m o t i v a t e  pe r sonne l  
a t  a l l  l e v e l s  toward a clear r e c o g n i t i o n  of t h e  importance o f  q u a l i t y  
and r e l i a b i l i t y .  

In o r d e r  t o  implement adequate  c o n t r o l  of Kollsman changes t o  
~ ~ 0 1 1 0  documents, i n  keeping w i t h  t h e  p l a n  e s t a b l i s h e d  by MIT 
(Techn ica l  Data Release Procedures ,  E-1166; change Con t ro l  Board; 
and SIDL releases), a p re l imina ry  d r a f t  of a Change C o n t r o l  psoced- 
u r e  for KolPsman p n e r a t e d  s u p p o r t  documents (Route and Tool  Books) 
was released for review and comment from a l l  depar tment  supervisorw,  
Upon comple t ion  of review and d r a f t  r e v i s i o n s ,  t h e  proposal w a s  i n -  
c o r p o r a t e d  i n  ,;he Apol lo  Q u a l i t y  C o n t r o l  Manual as a QCI. 
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S p e c i a l  a t t e n t i o n  was a l s o  g iven  t o  problems involved  i n  t h e  
manufacture  and measurement of t h e  Scanning Telescope Spur Gear 
(P/N 1011178) which has  a h igh ly  p r e c i s e  t o o t h  spac ing  requirement .  

Meetings were h e l d  w i t h  r e p r e s e n t a t i v e s  o f  Melland Gear Company, 
Benson Marine, t h e  R e i l l y  Gear Company and Moore S p e c i a l  Tool Company. 
A l l  a s p e c t s  of t h e  complex f a b r i c a t i o n  and i n s p e c t i o n  t echn iques  
were g i v e n  due c o n s i d e r a t i o n .  

D e t a i l e d  i n s p e c t i o n  requi rements  and procedures  f o r  t h e  Map and 
Data V i e w e r  P r o j e c t i o n  Lens ( P / N  1011374) w e r e  d i s c u s s e d  and re- 
s o l v e d  i n  a series of meetings between Kollsman Q u a l i t y  Assurance 
Eng inee r s  and r e p r e s e n t a t i v e s  of Eastman Kodak . 

AS a r e s u l t  o f  e x t e n s i v e  i n s p e c t i o n  test  data r e q u i r e d  on 
o p t i c a l  components, i t  was p o s s i b l e  t o  op t imize  t h e  s e l e c t i o n  o f  
t h e s e  p a r t s  depending upon u l t i m a t e  use  of t h e  assembly. For  example, 
each MDV P r o j e c t i o n  Lens, (P/N 1011374) w a s  p rovided  w i t h  i t s  re- 
s o l u t i o n  test  r e s u l t s  and a f i l m  s l i p  d e p i c t i n g  t h e  r e s o l u t i o n  per-  
formance, t h u s  p e r m i t t i n g  r e so lu t ion -wise  g r a d i n g  o f  t h e  l e n s e s .  

The s p e c i a l  development and t e s t  s t u d y  i n  measurement of l e a d  
error on Worm S h a f t ,  P a r t  N o .  1011198 w a s  completed. The approved 
measurement t e c h n i q u e  e s t a b l i s h e d  employs t h e  P r a t t  and Whitney 
Gage Co.  "Helical Pa th  Analyzer" equipment t o  de te rmine  t h e  composite 
lead error and drunkeness  from a t h e o r e t i c a l  h e l i c a l  a n g l e  r e f e r e n c e .  
The r e p e a t a b i l i t y  and accuracy  of t h e  measuring system, w i t h i n  t h e  
l i m i t s  of t h r e e  complete t h r e a d s  is  0.000015-0.00002 inch ,  The 
accuracy  o f  t h e  system is  d i r e c t l y  dependent  upon, and c a p a b l e  o f  
being checked o u t  by means of gage b lock  s t a n d a r d s .  

Two prime hardware components ( w o r m  s h a f t s )  were s u p p l i e d  by 
G r e e n f i e l d  Tap and D i e  Company and t h e  lead error measurements ob- 
t a i n e d  w e r e  w i t h i n  0.000035 and 0.000050 i n c h  r e s p e c t i v e l y .  These 
v a l u e s  complied w i t h  t h e  r e q u i r c d  l e a d  error t o l e r a n c e ,  

 he P o l a r i z e r  Div i s ion  of  t h e  Polaroid Corpora t ion  exper i enced  
d i f f i c u l t i e s  i n  ma in ta in ing  t n e  r e q u i r e u  f i v e  (5)  seconds r e s o l u t i o n  
and t h i r t y  (30) seconds d e v i a t i o n  f o r  the  B e a m s p l i t t e r  F i l t e r ,  
fP/N 1011663). T h i s  matter was a s s i g n e d  a cr i t ical  p r i o r i t y  i n  
order t h a t  an  e a r l y  s a t i s f a c t o r y  s o l u t i o n  would be achieved.  

A s p e c i a l  e v a l u a t i o n  test of t h e  p r e c i s i o n  worm s h a f t  
(P/N 1011198) and Spur Gear (P/N 1011177) was performed a t  MIT o n  
parts s u p p l i e d  by K I .  Although t h e  parts w e r e  n o t  of  t h e  r e q u i r e d  
accuracy ,  t h e  twenty ( 2 0 )  arc seconds o b t a i n e d  o v e r  a large range  
of gear t r a n s l a t i o n  was gratifying. Consider ing  t h e  magnitude o f  
t h e  worm s h a f t  lead error (.0001 inch) and the s p u r  g e a r  accuracy  
( 1 2  arc seconds) of t h e  parts sup~: . l ed ,  t h e  error c a n c e l l i n g  e f f e c t  
o f  t h e  g e a r  mesh appeared s a t i s f a c e ~ t r y .  
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A major and con t inu ing  q u a l i t y  a s s u r a n c e  e f f o r t  was extended 
f o r  t h e  f i n a l  i n s p e c t i o n  and acceptance  o f  t h e  i n i t i a l  P r e c i s i o n  
T e s t  F i x t u r e  NASA assembly drawing number 1016910. Varioils improve- 
ments b o t h  of  major and minor consequenceo were i n c o r p o r a t e d  d u r i n g  
this t 'check-outt '  phase.  A primary r e s u l t  o f  t h e  aforement ioned 
improvements w a s  i n  i n c r e a s e d  s t a b i l i t y  o f  t h e  o v e r a l l  s t r u c k u r e  
t h u s  y i e l d i n g  t h e  r e q u i r e d  r e p e a t a b i l i t y  o f  r e a d i n g s  when u t i l i z i n g  
the v a r i o u s  a u t o c ~ l l i m a t o r s .  

6.2.1.3 Con t ro l  of In -P lan t  P a r t  and Assembly Manufacturing 
I 

Manufacturing o p e r a t i o n  and r o u t e  sheets for  in-house f a b r i c a -  
t e d  p a r t s  and assemblies were reviewed by Q u a l i t y  Assurance Engi- 
n e e r s  and d e t a i l e d  I n s p e c t i o n  Procedures  were p repa red  f o r  selected 
in -p rocess  and f i n a l  i n s p e c t i o n  c h a r a c t e r i s t i c s .  These were then  
i n t e g r a t e d  t o  p r o v i d e  a complete set  o f  manufactur ing,  assembly and 
i n s p e c t i o n  i n s t r u c t i o n s .  

In t h e  p r e p a r a t i o n  o f  t h e s e  i n s p e c t i o n  p rocedures ,  t h e  f u n c t i o n  
and c r i t i c a l i t y  o f  t h e  p a r t s  and assemblies, t h e  des ign  c h a r a c t e r i s -  
t i c s ,  and  t h e  sequence and methods of part  f a b r i c a t i o n  and assembly 
bu i ld -up  were cons ide red .  

During t h i s  period, approximately  one hundred and n i n e t y  new 
p~.-,...-.'ires were w r i t t e n  f o r  purchased parts, K I  f a b r i c a t e d  p a r t s  
and as sembl ie s .  Approximately seven ty  i n s p e c t i o n  procedures  were 
r e v i s e d  t o  reflect t h e  c u r r e n t  c o n f i g u r a t i o n  l e v e l .  

D i f f i c u l t i e s  were encountered  i n  t h e  h e a t  t r e a t m e n t  and p a s s i -  
v a t i o n  of p a r t s  made from 440C s t a i n l e s s  steel. A q u a l t i y  ~ s ' s u r a n c e  
i n v e s t i g a t i o n  of t h i s  problem r e s u l t e d  i n  changes t o  both the govern- 
i n g  s p e c i f i c a t i o n s  and t h e  a c t u a l  processes. The speedy r e s o l u t i o n  
of t h i s  problem k e p t  t h e  loss o f  t i m e  and material t o  a n e g l i g i b l e  
minimum. 

~ a n u f a c t u r i n g  and i n s p e c t i o n  p e r s o n n e l  completed t h e  prescribed 
t e c h n i c a l  t r a i n i n g  and p r a c t i c a l  e x e r c i s e s  i n  electrical conductor  
s o l d e r i n g  procedures .  Q u a l i f i e d  p e r s o n n e i  were i s s u e d  NASA certi- 
f i c a t i o n  cards. 

Manufactur ing and I n s p e c t i o n  pe r sonne l  underwent t r a i n i n g  i n  
p r o c e s s  c o n t r o l  and f a b r i c a t i o n  p rocedures  of res i s tance-welded  
e l e c t r o n i c  c i r c u i t  modules. Upon % , a t i s f a c t o r y  complet ion o f  t h e  
prescribed t r a i n i n g  program, q u a l i f i e d  operators and i n s p e c t o r s  were 
i s s u e d  NASA c e r t i f i c a t i o n  cards. 

TO e n s u r e  t h a t  p h y s i c a l  impairments of manufac tur ing  and i n -  
s p e c t i o n  pe r sonne l  i n v ~ l v e d  with t h e  f a b r i c a t i 0 . r  of optical  e lements  
and assemblies do n o t  a d v e r s e l y  a f fec t  t h e  q u a l i t y  of Apollo parts, 
eye  examinat ions  w e r e  conducted,  and where necessa ry ,  c o r r e c t i v e  
l e n s e s  w e r e  prescribed. 
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Audi t s  were conducted t o  de te rmine  t h e  e f f e c t i v e n e s s  o f  t h e  
c u r r e n t  methods of documentat ion,  implementat ion and r e t e n t i o n  o f  
i n s p e c t i o n  records, M a t e r i a l  Review Board a c t i o n s ,  waiver  a u t h o r i z a -  
t i o n s ,  and change orders. Any r e q u i r e d  r e v i s i o n s  to those proced- 
u r e s  were under taken  upon complete e v a l u a t i o n  of t;he r e s u l t s  of  t h e  
a u d i t  . 

Q u a l i t y  Assurance p a r t i c i p a t e d  i n  t h e  F i e l d  Opera t ion  T r a i n i n g  
Program by p r e s e n t i n g  s e s s i o n s  t o  f i e l d  s e r v i c e  pe r sonne l  cover ing  

I g e n e r a l  q u a l i t y  requi rements  of NASA P u b l i c a t i o n s  NPC 200-2 and 
NPC 200-3, and i n t e r p r e t a t i o n  of  True  P o s i t i o n  Dimensioning and 
Toleranc ing  requ i remen t s  shown on e n g i n e e r i n g  drawings as d e f i n e d  
i n  MIL-STD- 8B. 

AS t h e  need arose, a d d i t i o n a l  Q u a l i t y  I n s p e c t i o n  and Manufec- 
t u r i n g  pe r sonne l  were i n s t r u c t e d  i n  True P o s i t i o n  Dimensioning and 
Toleranc ing  as r e l a t e d  t o  the r e c o r d i n g  and i n t e r p r e t a t i o n  o f  T. P,  
requi rements  . 
6.2.1.4 Problem Areas 

The w D i s p o s i t i o n "  c a l l e d  o u t  on  some TDRR's w a s  n o t  always 
feasible or even  p o s s i b l e .  More a t t e n t i o n  w a s  g i v e n  t o  t h e  e f f e c t s  
of the  d i s p o s i t i o n  on parts  in -p rocess  o r  a l r e a d y  complete. 

The numerical  l ist  o f  Apollo drawings i n  SIDL d id  n o t  i n d i c a t e  
a l l  usage  code numbers f o r  S p e c i f i c a t i o n  C o n t r o l  Drawings, n o r  d i d  
T D R R ; ~  for SCD's i n d i c a t e  a l l  p a r t i c i p a t i n g  c o n t r a c t o r s  a f f e c t e d .  
Th i s  made it d i f f i c u l t  for  K I  t o  p r o c e s s  r e v i s e d  SCD'e on a t ime ly  
basis t o  amend o u t s t a n d i n g  puxchaee orders to  reflect p roper  re- 
v i s i o n  l e v e l s .  

6.3 SUMMARY O F  YEAR ENDING 31DECEMBER 1964 

6.3.1 Program E f f o r t  

6.3.1.1 Assignment 

Q a a l i t y  Assurance w a s  r e s p o n s i b l e  f o r  p r e p a r i n g  and implementing 
t h e  detailed procedures ,  methods and d i r e c t i v e s  of a Q u a l i t y  Assur- 
ance program which w a s  i n  accordance w i t h  the  requi rements  of NASA 
Q u a l i t y  P u b l i c a t i o n s  NPC 200-2 and 200-3. Coordina t ing  and i n t e g -  
r a t i o n  of t h i s  e f fo r t  w i t h  the Apol lo  R e l i a b i l i t y  Program was also 

I t h e  r e s p o n s i b i l i t y  o f  Q u a l i t y  Assurance. 

I .  AS a member o f  t h e  Failure Act ion  Co.mnittee of t h e  F a i l u r e  
Report ing System. Q u a l i t y  Assurar-e was jointly responsj .ble fo r  i m -  
plementing t h e  corrective measur-s i n i t i a t e d  as a r e s u l t  of t h e  
f a i l u r e  a n a l y s i s .  A detailed d d c r i p t i o n  s f  t h e  a c t i o n s  under taken 
by t h e  Fai l .ure  Act ion  Committee was i nc luded  i n  the R e l i a b i l i t y  
S e c t i o n  of  t h i s  report, 
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6.3 .2  Accomplishment 

A meet ing was h e l d  a t  Kollsman dur ing  which v a r i o u s  q u e s t i o n s  
r ega rd ing  t h e  Apollo requi rements  far p r o c e s s  c o n t r o l  and f a b r i c a -  
t i o n  of r e s i s t ance -we lded ,  e l e c t r o n i c  c i r c u i t  modules were clarif ied.  
A p r e s e n t a t i o n  of t h e  b a s i c  theory  of p r e c i s i o n  r e s i s t a n c e  welding 
and t h e  n e c e s s i t y  f o r  s t r i n g e n t  q u a l i t y  and performance requi rements  
w e r e  dl.scussed. Specf f  i c  q u e s t i o n s  , raised by concerned Kollsman 
pereonthe1 rega rd ing  i n t e r p r e t a t i o n  of t h e  requi rements ,  were anawered. 
Near t h e  conc lus ion  of t h e  meet ing,  m i c r ~ p h o t o g r ~ a p h  slides were 
sk,own or v a r i o u s  levels o f  bo th  acceptable and u u ~ s a t i s f a c t o r y  weld 
cross s e c t i o n s .  

The f i r s t  two O p t i c a l  Un i t s  (AGE 1 61 3 )  and t h r e e  Map and Data 
V i e w e r s  (AGE 1, 2 ,  6 4 )  were s u b j e c t e d  t o  f i n a l  acceptance  tests 
specified i n  FTM l O l l O O O  and 1011559, r e s p e c t i v e l y ,  and found accept -  
a b l e .  

A direct r e s u l t  o f  t h e  l e a r n i n g  e x p e r i e n c e  ga ined ,  d u r i n g  t h e  
f a b r i c a t i o n ,  assembly and t e s t i n g  of t h e  i n i t i a l  assemblies, was 
the c a r e f u l  and thorough manner of upda t ing  a l l  concerned dscumen- 
t a t i o n ,  i.e., q u a l i t y  a s su rance ,  i n s p e c t i o n  procedures ,  assembly 
test methods and manufactur ing o p e r a t i o n  s h e e t s .  I n p u t s  were ob- 
t a i n e d  from a l l  r e s p o n s i b l e  pe r sonne l  (Manufacturing,  T e s t ,  Inspec-  
t i o n ,  ~ n g i n e e r i n g )  and t r a n s m i t t e d  t o  t h o s e  charged w i t h  t h e  t a s k  b d  
of documentat ion r e v i s i o n .  Thus, t h e r e  w a s  a cont inuous  and d e l i b -  
erate movement towards op t imiz ing  t h e  s u a l i t y  and  performance of a l l  
d e l i v e r a b l e  u n i t s  . 

During t h e  y e a r ,  a t o t a l  of one-thousand three-hundred and 
f o r t y - s i x  (1346) Material Review a c t i o n s  were processed. E i g h t  
hundred and  seven  (807)  of t h e s e  invo lved  minor v a r i a t i o n s  frog, 
drawing requ i remen t s  and were d i s p o s i t i o n e d  through p r e l i m i n a r y  re- 
view. ~ i v e - h u n d r e d  and t l i i r t y - n i n e  ( 5  39 ) a c t i o n s  aga in% t nonconl- 
forming s u p p l i e s  w e r e  r e f e r r e d  t o  t h e  formal Material Review Board 
for d i s p o s i t i o n  w i t h  c o r r e c t i v e  a c t i o n s  i n d i c a t e d  to p r e c l u d e  re-. 
cur rence .  Kollsman s u p p l i e r s  accounted for approximate ly  s ix ty-one  
p e r c e n t  of t h e  t o t a l  number of  Material Review Act ions .  

Q u a l i t y  Assurance,  as a p a r t i c i p a t i n g  member of t h e  Change 
C o n t r o l  Board, reviewed and approved approximate ly  six hundred engi -  
n e e r i n g  drawing changes ,  w i t h  pr imary concern on change e f f e c t i v i t y  , 
f e a s i b i l i t y  of p r o d u c t i o n ,  i n s p e c t i o n  and tes ts  and i n c l u s i o n  of 
applicable q u a l i t y  requirements .  

A procedure  w a s  i n s t i c u t e d  f o r  op t imiz ing  t h e  assembly of t h e  
SXT Head Opt i ca l  System by mating t h e  t w o  f i x e d  beryllium mirrors, 
index  mirror, beam s p l i t t e r  and p o l a r s i d  f i l te rs  by s e l e c t i v e  
assembly as t o  s p h e r i c a l  power and astigmatism. 
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Q u a l i t y  Assurance  i n v e s t i g a t e d  a l l  nonconformanccs to  d e t e m i n e  
t h e  b a s i c  cause and t h e  c o r r e c t i v e  a c t i o n  n e c e s s a r y  t o  p r e c l u d e  
r e c u r r e n c e .  

A Cocumeritation Review Board was e s t a b l i s h e d  t o  c o n t r o l  e f f e c -  
t i v e l y  t h e  documenta t ion  r e l e a s e d  f r s m  t h e  e n g i n e e r i n g  s e c t i o n .  
The hoard  inc l .uded r e p r e s e n t a t i v e s  o f  Documentation, Q u a l i t y  C o n t r o l ,  
R e l i a b i l i t y  E n g i n e e r i n g ,  Project Eng inee r ing  and F i e l d  O p e r a t i o n s .  
Review o b j e c t i v e s  w e r e  to e n s u r e  accu racy  and c l a r i t y  i n  specifica- 
t i o n s ,  Q u a l i t y  C o n t r o l  p r o v i s i o n s  and  i n  t h e  f o l l o w i n g  r e q u i r e m e n t s :  
m a t e r i a l  and c o n s t r u c t i o n ,  f u n c t i o n a l  c h a r a c t e r i s t i c s ,  special con- 
d i t i o n i n g ,  and q u a l i f i c a t i o n s .  

Q u a l i t y  Cont~rcl l  ma in t a ined  a j o i n t  r e s p o n s l . b i l i t y  w i t h  R e l i -  
a b i l i t y  f o r  c o r r e c t i v e  a c t i o n  r e q u i r e d  as a r e s u l t  o f  f a i l u r e  a n a l y -  
sis. 

A major e f f o r t  w a s  devo ted  t o  g e n e r a t i n g  t h e  n e c e s s a r y  pro- 
c e d u r e s  and c o n t r o l s  of t h e  Block I1 O p t i c s  which r e q u i r e d  a)?pl.ica- 
t i o n  of  a s p e c i a l  h i g h - e f f i c i e n c y  r e f l e c t i o n  r e d u c i n g  f i l m  
(ND 1002224) o n  a m a j o r i t y  of the Apollo o p t i c a l  e l emen t s .  The 
change t o  the s p e c i a l  c o a t i n g  i n  l i e u  af t h e  s t a n d a r d  magnesium 
f l u o r i d e  f i l m  created t h e  need fo r  new h a n d l i n g  and packag ing  pro- 
c e d u r e s  f o r  t h e  Kollsman o p t i c a l  f a b r i c a t i o n  f a c i l i t y .  

A comple t e  l i a  t i n g  of test  equipment  w i t h  e q u i p s e n t  e v a l u a t i o n ,  
c e r t i f i c a t i o n  p r o c e d u r e s ,  i n s t r u m e n t  l o c a t i o n  and c a l i b r a t i o n  c y c l e s ,  
as specified i n  t h e  F i n a l  T e s t  Method o f  t h e  O p t i c a l  U n i t ,  was sub- 
mi t t ed  t o  Q u a l i t y  C o n t r o l  by T e s t  Equipment Eng inee r ing .  This list- 
i n g  and o t h e r s  compi led  i n  t h e  area of test  equipment  d e s i g n a t e d  
fo r  Assembly T e s t  P r o c e d u r e s  (Job D e s c r i p t i o n  Cards) provided a more 
complete backqround f o r  equipment  c o n t r o l  as r e q u i r e d  by the appli- 
cable NASA Q u a l i t y  P u b l i c a t i o n s .  Q u a l i t y  C o n t r o l  assisted i n  t h i s  
rev iew and p r o v i d e d  gu idance  i n  t h e  i n t e r p r e t a t i o n  of t h e  a p p r o p r i a t e  
s e c t i o n  of NASA NPC 200-2, so t h a t  p o l i c i e s  and p r o c e d u r e s ,  a f ter  
reqrite, p r e s e n t e d  a method of o p e r a t i o n  r e f l e c t i n g  *he r e q u i r e m e n t s  
of t h e  NASA document. A s  noted above, a r ev i ew s f  all A p c l l o  test 
equipment  w a s  made t o  detemine chat the e v a l u ~ t i o n  p r o c e d u r e s  and  
data w a s  available as r e q u i r e d  by NPC 200-2. A l l  areas o f  noncan- 
f o m a n c e  w e r e  r e c t i f i e d .  In a d d i t i o n ,  p r o c e d u r a l  r e v i s i o n s  were 
g e n e r a t e d  t o  p r e c l u d e  r e c u r r e n c e  of nonconformance. 

Q u a l i t y  Assurance, i n  cor . junct ion w i t h  E n g i n e e r i n g  and Zroduc- 
t ioa C o n t r o l ,  was i n s t r u n l e n t d l  i n  deve lop ing  t h e  c o n f i g u r a t i o n  and 
l o g  c o n t r o l  p r o c e d u r e s .  Records were gen. rated and m a i n t a i n e d  t o  
c o n t r o l  t h e  a s s ignmen t  of parts to sys tem assemblies by p a r t  number, 
pa r t  serial  or  l o t  c o n t r o l  number, and as r a t -  e f f e c t  the part  t h e  
 ater rial ~ e v i e w  report and /or  w a i v e r  number. 
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AS an  e f f o r t  t o  p r o v i d e  f o r  in lproved t e s t  and  i n s p e c t i o n  
i n s t r u m e n t a t i o n ,  Q u a l i t y  A s s u r a n c e  a r r a n g e d  f o r  i n - p l a n t  d e m o n s t r a -  
t i o n s  o f  a steroscope made by V i s i o n  E n g i n e e r i n g  I n c . ,  a n d  a 
Kol lmorgan  a u t o c o l l i m a t o r .  T h i s  steroscope p r o v e d  t o  b e  v a s t l y  
s u p e r i o r  t o  t h e  more commonly u s e d  steroscopic m i c r o s c o p e s  a n d  
s c r e e n  projectors. The new l i n e  of Kollmorgan a u t o c o l l i m a t o r  e q u i p -  
men t  r e f l e c t e d  a f r e s h  a p p r o a c h  t o  collimator d e s i g n  w i t h  many i n -  
teres t i n g  f e a t u r e s  . 

Q u a l i t y  Assur&irc;tl p e x s o n ~ ~ c l  a c t i v e  hy pacticipated i n  t h e  manu- 
f a c t u r i n g  as sembly  p h a s e s  o f  d e t i v e r a b l e  prime equ ipment .  C o n t i n -  
u o u s  s u r v * e i l l a n c e  d u r i n g  a s s e m b l y  w a s  m a i n t a i c e d  t o  e n s u r e  a d h e r e n c e  
t o  d r a w i n g  and s p e c i f i c a t i o n  r e q u i r e m e n t s  t h r o u g h  t h e  u s e  o f  pro- 
d a c t i o n  method s h e e t s  and  i n s p e c t i o n  p r o c e d u r e s .  P r o d u c t i o n  a n d  
i n s p e c t i o n  methods and p r o c e d u r e  s h e e t s  were r e v i s e d  whenever  t h e  
p r o p e r  f u n c t i o n  o f  pa r t s  and assemblies w e r e  j e o p a r d i z e d  by Pncom- 
p l e t e  or  i n a d e q u a t e  a s s e m b l y  a n d  i n s p e c t i o n  i ~ s t r u c t i o n s .  E n g i n e e r -  
i n g  c h a n g e s  were i n i t i a t e d ,  when r e q u i r e d ,  duzhng f a b r i c a t i o n  t o  
improve  t h e  q u a l i t y  a n d  r e l i a b i l i t y  aspects of t h e  assemblies. A l l  
rework  d i s p o s i t i o n s  were s u b j e c t e d  t o  'ine f o r m a l  documentary  re- 
q u i r e m e n t s  o f  Material Review Boaza a c t i o n s  f o r  rework a n d  i n s p e c -  
t i o n  o p e r a t i o n s .  

6.3.2.1 L i s t e d  below are t h e  O p t i c a l  U n i t s  a n d  Map and Data V i e w e r s  
s u b j e c t e d  t o  f i n a l  a c c e p t a n c e  tests, a n d  found  acceptable. 

OPTICAL UNIT ASSEMBLY (OUA) MAP 6 DATA VIEWER (MDV) 

AGE 

AGE 

AGE 

AGE 

AGE 

AGE 

AGE 

AGE 

6.3.3 P rob lem A r e a s  

AGE 1 

AGE 2 

AGE 4 

AGE 7 

AGE 8 

1. B e n d i x  w a s  e x p e r i e n c i n g  d i f f i c u l t i e s  w i t h  t he  64-speed  SXT 
T r u n n i o n  A x i s  R e s o l v e r  i n  the areas of a c c u r a c y ,  i n s u l a t i o n  resis- 
t . ance  a n d  d i m e n s i o n a l  t o l e r a n c e  r e q u i r e m e n t s .  A close l i a i s o n  be- 
tween t h e  Bendix  and Koilsman engineering and q u a l i t y  c o n t r o l  g r o u p s  
was c o n t i n u e d  i n  order chat she problem areas may be s a t i s f a c t o r i l y  
r e s o l v e d ,  P r o c u r e m e n t  S p e c i f i c a t i o n  r e q i l i r e m e n t s  were r e l a x e d  t o  
provide  more r e a l i s t i c  performance goals. 



KOLLSMAN INSTRUMENT CORPORATlOtJ 

6 , 4  SUMMARY OF TIiE YEAR E N D I N G  31 DECEtlBER 1965 

6 .4 .1  Management 

GENERAL - The Space D i v i s i o n  P r o d u c t  Assurance  rlcpar'tment w a s  
r e o r g . m d u r i n g  t h e  r e p o r t i n g  p e r i o d  as shown i n  F i g u r e  6-1. Of 
s i g n i f i c a n t  impor t ance  i s  t h e  f u r t h e r  p r o j e c t  o r i e n t a t i o n  o f  s e v e r a l  
major  P r o d u c t  Assurance  f u n c t i o n s .  These i n c l u d e  p l a n n i n g  and 
d e s i g n  c o n t r o l ,  f a b r i c a t i o n  c o n t r o l ,  f i n a l  tes t  and i n - p r o c e s s  i n -  
s p e c t i o n ,  a l l  of which are now per formed  by an  Apollo/LM Progrzm 
Prod~lct Assurance  S e c t i o n  w i t h i n  t h e  P r o d u c t  Assurance  Department.  
The o r g a n i z a t i o n  s t r u c t u r e  of t h e  new g roup  is  i l l u s t r a t e d  i n  
F i g u r e  6-2. The Q u a l i t y  C o n t r o l  S e r v i c e s  S e c t i o n  o f  t h e  Department 
w i l l  c o n t i n u e  t o  p r o v i d e  t h e  ApoLlo/LM Program w i t h  such  d d d i t i o n a l  
s u p p o r t  s e r v i c e s  as sys tems  and p r o c e d u r e s ,  s u p p l i e r  e v a l u a t i o n  and 
c o n t r o l ,  a u d i t s  and s p e c i a l  p r o c e s s  c o n t r o l .  

O t h e r  s u p p o r t  s e r v i c e s  such  as me t ro logy  and  r e c e i v i n g  fn spec -  
t i o n ,  test equipment  s e r v i c e ,  and env i ronmen ta l  t e s t i n g  w i l l  c o n t i n u e  
t o  be performed by t h e  I n s p e c t i o n ,  T e s t  and Environmenta l  Test 
S e c t i o n s  o f  t h e  P r o d u c t  Assurance  Department ,  r e s p e c t i v e l y .  

MANPOWER STATUS - F i g u r e  6-3  l i s ts  t h e  number o f  p e r s o n n e l  i n  
~ p o l l o / L M  P r o d u c t  Assurance  a t  t h e  end of t h e  r e p o r t i n g  p e r i o d .  

Space D i v i s i ~ n  P roduc t  Assurance ,  as p a r t  of a c o n t i n u i n g  
m o t i v a t i o n  program, p r e s e n t e d  a  series of i n d i v i d u a l  symposia re- 
l a t e d  t o  t h e  Apollo/LM Programs d u r i n g  t h e  r e p o r t i n g  p e r i o d .  The 
s e s s i o n s  were a t t e n d e d  by p e r s o n n e l  from a l l  a r e a s  concerned w i t h  
Kol lsman 's  p a r t i c i p a t i o n  i n  t h e  Apollo/LM Program. The l z c t u r e r  for 
t h e  nApol lo  Q u a l i t y  C o n t r o l  and R e l i a b i l i t y  Symposium" w a s  M r .  R. 
C r i m m e l ,  R e l i a b i l i t y  Research and Educa t ion  S e n i o r  S t a f f  Engineer  a t  
AC E l e c t r o n i c s  D i v i s i o n  of Gene ra l  Motors.  M r .  C r i m m e l  had been 
conduc t ing  s imi lar  symposia a t  major Apollo/LM s u b c o n t r a c t o r  fac i l i -  
t i e s .  His p r e s e n t a t i o n  o f  t h e  s u b j e c t  w a s  h i g h l y  i n f o r m a t i v e  and 
s t i m u l a t i n g .  

The m o t i v a t i o n a l  film "Walk i n  Space" was shown d u r i n g  October 
f o r  p r o f e s s i o n a l  and e n g i n e e r i n g  p e r s o n n e l .  

QUALIFICATION TRAINING - A summary o f  t o t a l  Apollo Certi-fica- 
t i o n s  i n  t h e  v a r i o u s  s k i l l s  as of t h e  end of  t h e  r e p o r t i n g  period, 
1965, ?s c a t e g o r i z e d  as follows: w e l d i n g ,  3 4 ;  w i r i n g  and c r imping ,  
4 8 ;  p o t t i n g ,  13; p l a t i n g ,  15;  and h e a t  t r e a t m e n t ,  2. 

Q u a l i t y  C o n t r o l  h e l d  a t r a i n i n g  l e c t u r e  + h a t  covered  t h e  p o l a r i -  
scope  o p e r a t i o n  and t h e  i n s p e c t i o n  r equ i r emen t  f o r  opt ical  s u r f a c e  
q u a l i t y  . 



ORGANIZATIOX CHART 
SPACE DIVlSIOh' 

PRODUCT ASSURAKCE DEPARTMENT 

b I 
S p c c  Division 

Gcrlcrnl Manager 

I 
1 

Direct01 Progranls P r o ~ r a m s  Scrv rccs 
L)I I - C L I O ~  Urrcctor 

.. 

Quality Control 
;+l magc r 

Inspection 
hlanager 

Environmental 

Reliability 
Assurance 
Manager 

(?A0 PI.~C;I.IIII 
Procluct Xssur . 

1lmagcr 

ality Planning Fabrication 
and DCS ip 

Cor~trol Chrcf 

Tcst 
Foreman 

l ~ ~ s l s c t i o n  
Foreman 

Figure 6-1 



PRODUCT ASSLXAXCE 
FUNCTIONAL ORGANIZATION 

FOR 
APOLLO/LEM PROGRAMS 

Progran~s 
Product Assuranc 

Quality Control 
Services 

r---- I ,- - - 7 -  

1 I 7 

Services ii 

1 1 

- Engineering Design - Quality Systems - Receiving Inspection - Test Equipment - En~ironmcntzI 
Standards and Procedures - Metrology Service and Control Test Servicm 

- Primary Electrical - Qual i ty  A u d i t s  - Source Inspection - Secondary Electrical - Environnle:~tal 
Standards - Supplier E;raluation - Gage and Measi;rir?g Standards Test Pknr.l~.,; 

and Control Equipment Control 
- Sjwciai Process - Shipping Inspection 

Control 
- Reports 

I 

Figure 6-2 

, I ,  
I 

4 -  - i 
I 
I 

Fabrication I In-Process 

Assura~ce  
I Quality Control 1 Inspection 

--- 

I 
I 
I 

Final 
Test I 

I -- 1 - In-Process and ' I  
Proc =zdures Assembly Inspec- I Final Acceptance 1 

- Dcsil~;: Review 1 Test 
- Failure Ar:alysis I - Qual i ty  Engineering 

i 
- Parts Qualification 1 I 1 

I I 

Engineer1 ng Inspec tian 
Standards Services 



KOLLSMAN INSTRUMENT CORPORATION 

IWALITY CONTROL I I N S P E C T ~ O N  I FINAL T E S T  1 

Figure 6-3. Manpower Sta tus  



A Q u a l i t y  c o n t r o l  e n g i n e e r i n g  r e p r e s e n t a t ' . v e  a t t e n d e d  a series 
o f  e n g i n e e r i n g  c o u r s e s  c o n d u c t e d  by A p o l l o  Project E n g i n e e r i n g  p e r -  
s o n n e l .  T h i s  c o u r s e  w a s  d e s i g n e d  t o  a c q u a i n t  a l l  c o g n i z a n t  e n g i -  
n e e r i n g  p e r s o n n e l  w i t h  t.he e n g i n e e r i n g  d e s i g n  c o n c e p t s  of t h e  
O p t i c a l  U n i t  Assembly (OUA) and o t h e r  s u p p o r t  equ ipment .  

A t  t h e  d i r e c t i o n  of Q u a l i t y  C o n t r o l . ,  a n  O p t i c s  T r a i n i n g  Program 
w a s  d e v e l o p e d  t o  f a m i l i a r i z e  new s u p e r v i s o r y  p e r s o n n e l  t o  f u n c t i o n  
e f f i c i e n t l y  i n  t h e  d i r e c t i o n  of t h e  p r o d u c t  e f f o r t .  I n s t r u c t i o n  
w a s  s p e c i f i c a l l y  o r i e n t e d  t o  improv ing  t h e  p e r f o r m a n c e  o f  e a c h  t r a i n e e  
i n  h i s  company-assigned d u t i e s  by t r a i n i n g  him i n  t h e  f a c t o r y  assem- 
b l y ,  t e a t ,  a n d  c h e c k o u t  o f  a l l  O p t i c s  G a n d  N equ ipment .  

6 . 4 . 3  Problem A r e a s  and  C o r r e c t i v e  A c t i o n  

PROBLEM RESaLVED AND CORRECTIVE ACTION - Table 6-1 l i s ts  t h e  
problems a n d  c o r r e c t i v e  a c t i o n  t a k e n .  

6 .4 .4  P r o c u r e m e n t  - 
MATERIAL RECEIVED - O f  t h e  11 ,836  p a r t s  i n s p e c t e d  by t h e  R e -  

c e i v i n g  I n s p e c t i o n  Depnrtment  d u r i n g  t h e  r e p o r t i n g  p e r i o d ,  2 3  per- 
c e n t  w e r e  found nonconforming and  d i s p o s i t i o n e d  by 224 ~ a t e r i a i  
Review Board a c t i o n s .  F o u r t e e n  p e r c e n t ,  o f  t h e  t o t a l  i n s p e c t e d ,  
were d i s c r e p a n t  d u e  t o  i m p r o p e r  paperwork ,  i d e n t i f i c a t i o n  mark ing ,  
or i n t e r p r e t a t i o n  of p r o c u r e m e n t  requiremexlcs  a n d  were p r o c e s s  i n  
t h e  normal  manner  by i n s p e c t i o n  a f t e r  c o r r e c t i o n  o f  t h e  d e f i c i e n c y .  
S e e  T a b l e  6-2 f o r  a breakdown of material received. 

A c o m p a r i s o n  p e r c e n t a g e  c u r v e  of s h i p m e n t s  e v a l u a t e d  a n d  u n i t s  
i n s p e c t e d  is  shown i n  F i g u r e s  6-4 a n d  6-5. F o r  breakdown of d is -  
c r e p a n t  c a t e g o r i e s  r e la t ive  t o  t h e  nonconforming s h i p m e n t s ,  see 
T a b l e  6-3. The nonconforming s h i p m e n t s  form t h e  ba s i s  o f  t h e  m a t -  
e r i a l  r e v i e w  a c t i o n  l i s t ed  i n  Table 6-4. 

MATERIAL REVIEW ACTIVITY -- - Q u a l i t y  C o n t r o l  d u r i n g  t h e  r e p o r t i n g  
period p r o c e s s e d  2 2 4  FoD.I*~ Boara A c t i o n s  f o r  t h e  P rocurement  s e c t i o n  
bf t h e  Material Review Board. One hundred  n i n e t y - n i n e  FDA's w e r e  
for  t h e  Command Module anr 2 4  f o r  t h e  LM p r o c u r e m e n t  a c t i v i t y .  See 
T a b l e  6-4 f o r  a d d i t i o n a l  breakdown. See  F i g u r e  6-6 f o r  l i n e a r  t r e n d  
i n d i c a t i o n .  

6 . 4 . 4 . 1  S u p p l i e r  A c t i v i t i e s  

SUPPLIER SURVEY STATUS - The s t a t u s  o f  ND 1015404 S u p p l i e r  
S u r v e y s  i s  l i s t ed  i n  ~abie-6-5. 

ACTIVE CONDITIONALLY APPROVED SOURCES - Table 6-6 d e l i n e a t e s  
i n  d e t a i l  t h e  s t a t u s  o f  a c t i v e  c o n d i t i o n a l l y  a p p r o v e d  s o u r c e s .  
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Kollsman P r o c e s s  Specification 
(KPS) removal  f r o n ~  drawings 
\:;as oric of NAS;Sts reco:nrncndations 
duririg the survey crf Kc~llsrnn~!'s 
facility on 11 tlirtiugh 14 May 1965. 

MANAGEMENT PROBLEMS RESOLVED 

Kol l sma~ l  TDRR proposal K532 was d i s a p p r ~ v e d  by MrT/IL on 
23 August 1965. MIT/IL was contacted by Kr,llsm,m regard ing  
the disapproval.  MIT/IL 111 t c rn  contacted P.C Elrzctronrcs on 
i? September 1965 a t  the ,~cI;cduled Ccnligui-zt l u r ~  meeting. hfI'I'/IL 
indicated t o  Kollsman after the  subject mectrn;. that TDRR K532 
would be approved 'and a l l  Kol'sman P r ~ c e s s  SpeCif icat~on ( K P S )  
r e f e rences  would be removed from Cie c i r a c i n ~  in approximately 
four ..r.eeks. 
Subsequently NASA (Mr.  Dell) via le t te r  to .4C (Mr. Brcldy) 
modified the decision mentioned in paragraph one at, i.e. The 
modification was as iollows: 

- 
PROBLEM - 

a. KPSts  w e r e  removed as d rau ings  were  submitted fcr other  
changes. 

b. KPS's on NASA drawings w e r c  considered as re'erence only. 

CORRECTIVE ACTION 

3. In agreement  with AC, the following ground ru l e  was  applicable to 
KI% removal  f r o m  drawings. During the normal  process ing  of 
TDRR's t o  MIT/IL, Kollsman reviewed !he specified drawing 
for KPS reference  note. When a K X  re ference  n ~ t e  was  indicated, 
a ndtation was added to the TDRR request ing KPS removal.  

4. Number of drawings with KPS reference.  
KPS References  198 
KPS Removed 0 



- -- - 

PROBMM - -- 
Kollsman forwarded the f lml  
status report of the NASA- 
MSC audit of 11-14 M y  to 
AC Electronics durlnr th is  
rcpor ling period. Specifi - 
cally, t h i s  rcjscbrt covcrs 
action i tems co:nplclcr! hy 
KolLsnlnri in r en,;ird to the 
recornn1e!:d3t~ur1 ttlade in the 
NASA-hlSC Qual~ty Co::trol 
f teprt  of 1 June 1965. 

TABLE 6-1 (m 2 of 5) 

MANAGEMENT PROBLEMS RESOLVED 

CORRECTIVE ACTION 

Paragraph V. A. of NASA Audit Report: 

1. The Quality Control Manual Procedure QCI-2SQ-001A, "Drawlng arld 
Specification Change Control" has been approved by the KXC resident AFQAR, 
released, and implemented. 
ACTION: COMPLETE. 

2. Reference drawings have k e n  prohibited for use by Manufacturing and 
Inspection perso~lnel and haw: been removed from their respec:lve areas. 
ACTICN: COhIPLE.:TE. 

3. A new format now requires approval signaiures oil first page and revision 
letter on all pages of Quality Control Instructions. 
ACTION: COMPLETED. 

4. AJDRR, initiated by Kollsman,requesting that a l l  KPS references on d r a ~  - 
ings k removed as olle effort, was rejected. Approach now is thzt as 
drawings are submitted for other changes, request to  remove K P S  reference 
Is added to change. 

KFS's  on NASA drawings are to be considered for REFERENCE GFLY per 
M t e r  from D;.ll (:JASA) to AC Electronics. 
ACTION: COhTINUOUS. 

5. A KPS index has been issued to the Route/Tool Planners with instructions 
for usiog the index to reflect the latest KPS revisim on the Routeno01 
Sheets. Revision t ~ ,  or a revised K P S  Index is issued monthly. 
ACTION: COMPLETE. 



TABLE 6-l (hge  3 of 5) 

- MANAGEMENT BROBmMS RESOLVED 
---- - 

CORRECTIVE ACTION 

magraph V. B. of NASA Audit Report: 

1. A new format for t !e  Vendor Approval Summa1.y is now used and includes both 
approval signatures and dates. 
ACTION: COMPLETE 

2. Less than C k s s  A par ts  arennu. identified a s  such prior  to re lease  from R e -  
ceiving Inspection for stocking in the segregated s t o r e s  a r e a  of the production 
stock room. Itirlntification is per AOP-1 (Apollo Operating Procedure). 
ACTION: COhII'LE TE: 

3. fr recellt! and [ullo.;+-up system is now in use i n  Receiving Inspect~on when par t s  
are released pr io i  to final acceptance. 
ACTION: COI.IPLETE. 

Paragraph V.C. of NASA Audit Report: -- 

1. Procedure AIIP-4 (Apollo Reliability Procedure) ''Age Control for  Limited Life 
Shelf Items" has  k e n  initiated and implemented. Remain'ng useful life of 
linailed life i tems appears in the Acceptance Data Package shipped ~i th each 
unit. 
ACTION: COMPLETE. 

2. Present  system allows traceability of a l l  i tems fabricated from a particular Lot 
o r  piece of r a w  mitlerial but the method is manual and s lob.  A Procedure for  
Electronic Data Processing of Configuratioa and Traceabi  bty (CAT) has  been 
written, i s  k i n g  subjected to a t r ia l  run,  and will be effect~r! c - ~  AGE 109 
Optical Unit Assembly. 
ACTION: COMPLETE. 



MANAGEMENT PROBLEMS RESOLVED 
7- 

---- 

-- --I--- CORRECTIVE - ACTION a 

Paragraph V. ID. d NASA Audit Report : I- -- - 
1. A l l  forms and sketphes reltting to Matexiat H : i - Reports are now cross 

referenced by tke use of n u n ~ k r s  or  serial qu,. ;*-;s. Black tall-point pens 
a r e  now used. 
ACTION: COMFLETE. 

1 Paragraph --- V. E. of NASA Audit R e p r t :  - 
1. All plug gages a r e  now dippcd in a protective cmting and/or stored in a separate 

compartment. 
ACTIOPJ: COhIPLETE. 

2. Audits fur co~liorrn~nce haw been increased in the a reas  indicated by Ule NASA 
Report. The : ~ ~ c i f i c  ~ t e m s  referenced Irt the report have been corrected. 
ACTION: COhIP LETE. 

3. At the present time relocation to a more comp!e!ely environmentally controlled 
area is pL111ne:l for the Standards Laboratory as ?art of a major rearrangenent 
and consolidation of facilities at our Elmhurst Plant. In the meantime, ark a i r  - 
conditio~ied localion in milding F-3 has k e n  provided for performing critical 
electrical rne.lsurenients. 

In the air-conditioned Standards hbora tory  area i r ~  Elrnhurst, the filtered a i r  
supply i s  believed to supply satisfactory results for  working standards calibra- 
tion. This aspect of Standards Liboratory control wi l l  te f ~ r t h e r  evaluated for 
the new Standards Laboratory. The hletrology Laborztory at  Syos;et iS 5n a 
c o ~ ~ t r ~ l l t ~ d  access drea arid has a filtered alr supply. 2 ompcrature and hum~ditp 
readin(,-s arc recorded dally. Tire Sycrsset Metrology laboratory AS awating 
completion of the ~-elocat~on ul facihlies which is alsd taking place at our S)~sa t r t  
Plmt. 



TABLE 6-1 (Page 5 of 5) 

MAN.AGEMENT PROBLEMS RESOLVED 
7 
- --- I -- CORRECTIVE ACTION 

Paragraph V. E. of NASA Audi t  Report (cont'd): I____ 
It shc-)~ld be noted that in c a s e s  of cr i t ica l  measurements, such as surface flat- 
ness  o r  concentricity measurements on 0ptlc.71 and mechan~ca l  c o m ~ n e n t s ,  
that such measurements a r e  made only aftcr  temperature stabilizaticn; that is, 
the components a:e allowed to temperature so& over a reh t ive iy  long p r i d  
of time s o  that the i tem being measured arid the measuring equipment a r e  a t  the 
same  temperature,  lxfore  the measurements a r e  performed. 
ACTIOX: COMP=?',A EXCEPT FOX1 RE WCATION OF FACILITKS. 

4. Quality Control Instruction SSQOOl "Test Equ~pment  C o n t ~  ol" and Quality Assur- 
ance Psocedure 98550 "Gage Control" have been revised to include ra t io  require- 
ment far equipment specified in JDQ's. 
ACTIOU: COMPLETE. 

5, Kollsman sys tem of Tes t  Equipment calibration data  and analysis  has been 
modified and now meets  both the intent an* letter df NVC 200-2. 
ACTION: COhlPLETE. 

6. Prac t ice  of listing test  equipment and serial n u m k r  is now defined in change t o  
Quality Ass t~ rance  Procedure 98409. 



TABLE 6-2 

COh!iM.AND M~DULE/LUNAR EXCURSION MODULE 
---.- - - 

I:: 
.-- 

Units 

Inspected 

54322 

- - -- 

Shipments 

Nonconforming 

15005 

--- 
E:valuated 

2326 

Nonconforming 

1523 



MONTHLY PLOT I m ~ I I I I I U m 8 m I I I a  LINEAR TREND 
Pcrcer~t Shipn;ents Containing Linear Relationship Y = a - b x 

= PSCN a = Y Intercept 

Shipmen t s  Nonconforming PSCN = --- 
Shipments Received x 100% Year 

b = Regression Coefficient 

End of Quarter 

Figure 6-4. Procured Material (Shipment) Nonconformance 
Trend 



K O L L S M A N  INSTRUMENT CORPORATION 

SLP OCT NOV D E C  JAr.4 F E B  M A R  APR MAY JUN JUL A U O  SEP O C T  N O V  O E C  J A N  F E B  M A R  APW YAr J ~ J W  
.H 

j +te64*- lee5 - 1966 a-- 

MONTHLY P L O T  8 B ~ t l ~ l l l # l l ~ l B B 8 l ~  LINEAR TREND 
Percent Uni t s  Containing = PUCN &inear Welatiorrshiy Y = a - b x 
Nonconf ormances 

a = Y Intercept 

Units Nonconforxr,ing - 
- x 100% b = Regression Coefficient 

PUCN = Units  Inspected I 

Year End of Quarter 

Figure 6-5. Procured Material (Unit) Nonconformance Trend 



Table 6-3 

Nonconforming Material Evaluation for 1965, Reporting Periods 

Total Noncomforming Shipments 421 326 390 

7 

Third 
Period 
1965 

149 

134 

71 i 
36 

Second 
Period 
1965 

147 

95 

48 

36 

. -- -- 
Most Critical Type of 
Material :ionconformance 
in Each Shipment 

Dimensional and/or Functional 

Workmanship 

Identification Marking 

Incorrect and/or Incomplete 
I Paperwork 

I 

First 
Period 
1965 

192 

82 

91 

56 



Table 6-- .  

Procurement Mater ia l  R e v i e w  Act ion  for 1965  Reparting Per iods  

COMMAND MODULE/LUNAR EXCURSION MODULE 

T o t a l  FBA8s x 100% 
FBA Percentage = Shipments Received 

FBA = Formal Board Act ion  

I 
FBA 

Percentage 

7 . 8  (Avg.) 

5 . 6  ( A v g . )  
I 

7 . 0  ( A v g . )  

Shipments 
Received 

1 0 5 1  

9 9 3  

1282  

Month 
v 

Third Period 
1965 

- -. 

Second Per iod  
1965 

Third Per iod  
1965 

Fornal Boa.rd Act ions  T o t a l  To ta l  
CM LM 

70 1 2  
. 

4 7  9 

82  4 

FBA P i e c e s  

82  1407  

56 

86 



K O L L S h A N  ~ N S T R C ~ M E E ~ T  CORPORATION 

MONTHLY PLOT 

Formal Board A c t i o n s  

R e c e i p t s  (Shipments)  
Inspec ted  

Percent  R e c e i p t s  - - 
Referred to MRB 

-...---.I, LINEAR TREND 

1 s  t 

82 

1282 

Linear  R e l a t i o n s h i p  Y . =  a - bx 

a = Y I n t e r c e p t  
Formal Board Ac t ions  

% = R e c e i p t s  (Shipments) Inspec ted  b = Regress ion  Coefficient 

2nd 

56 

993 

Figure 6-6 .  M a t e r i a l  Xeview A c t i v i t y  Trend CM/LM 

(Procured Material) 

- 
3rd 

1 

86 

1051 



T a b l e  6-5 

Status of ND 1015484 S u p p l i e r  S u r v e y s  

COMMRBJD MODULE/LUNAR EXCURSION MODULE 

A 

I 
Survey A c t i v i t y  t 
Total Suppliers Surveyed 

Approved 
I 

i 

STATUS 
T h i r d  p e r i o d  - 

607  

39 7 

75 

135 

2 

39 5 

F i r s t  P e r i o d  

301 

205 

Second P e r i o d  

515  

341  

76 

6 1  

- 

Conditional or Lj mited  
Approva 1 

I 

Disapproved 

Sole Source S c p p l i e r  
.- - --.... -- 

39 

55 

- 
- 

T o t a l  Resurveys and 
S u r v e i l l a n c e s  

C 

1 
111 261  



TABLE 6-8 

DETAILED STATUS OF 

ACTIVE CONDITIONA LLY APPROVED SOURCES 

Date of 
Part Conditional Status of Final 

SuppU e 7 Approval Problem Corrective Action Disposition 
C- 

Type --- 
Photrodcs Mirror 9-3-65 Inadequate inspection In process parts re-  9-30-65 
Flusf;ing,N.Y. Lenses records inspection 10Gx and 

recorded. Written 
prozedures to be 
implemented. 

Hudson Tool Sheet metal 7-20-65 
and Die fabrication 
Newark, N. J. cans, shields 

shmpings 

Golding Mfg. Sheet metal 6-15-65 
N. Arlington, fabrication 
N. J. 

Metrigraphic Reticles 6-3-65 

Diaphragm Rubber 3-24-65 
Industries Xnc. seal  
Denvers, Mass. 

Inadequate material Submission of QC 10-30-65 
control. Unaccept- manual and plan. 
able QC plan. Supplement Material 

Control Specification. 

Unacceptable QC Suhmission of manual 8-30-65 
plan. and plan. 

Unacceptable QC Submission of manual 9-30-65 
plan. and plan. 

Unacceptable QC Submission of manual 9-30-65 
plan. 



DETAILED STATUS OF 

INACTIVE CONDITIONALLY APPROVED SOURCES 
- -- -- - - - -- 

Date of 
Part Conditional Status of Final 

SuppPier -I= Approval Problem Corrective Actlon Dlsposltion 
- i ' Sclleidl Fiberglass 8-13 -65 Inspection records and No procurement. None required. 

Freeport, Fabrication control of nonconform- 
New York ing material needs im- 

provement. 

Woodbine Sheet 7-27-65 Inadequate QC plan. No procurement. None required. 
Prod. metal 
Deer Park, 
New York 

H. Roessle- Metal 6-28-65 Unacceptable QC plan. No procurement. 
Iiicksvi lle, spinning 
New York 

Box: -)n Optics 2-9-65 Unacceptable QC plan. No procurement. 
Bee1 
Brooklyn, 
New York 

Nme required. 

Now required. 



TABLE 6-8 

DETAILED STATIS OF 

&D APPROVA L SOURCES (hgc 1 ols) 

Date d 
Part Limited Status of 

Supplier ' m ~ e  Approval Limitation Corrective Action 
- -- -- --- - 

Tangent Tools Machining 8-19-65 Class I I1 only Procurement to any other 
F.umi ngdale, General ND or product classifica- 
N. Y. tion will require prior re- 

survey and QC approval. 

Sohrex hlfg. Machining 8-17-65 Class  I II only Procuremefit fo any other 
Farmingdale, General ND or product classifica- 
N. Y. tion will require prior re- 

survey and QC approval. 

Skyline Sheet 7-16-65 Class I11 only Procurement to any other 
Deer Pxr k, metal ND or produci ciassifica- 
N. Y. fabrication tion will require prlor re- 

survey and Qr= approval. 

Gear Corn- Gears 6-30-65 Gears only 
pcnents 
Val k y  Stream, 
N. Y. 

Narda Micro- Test 6-7-65 GSE only 
wave equipment 
Plai nvie w, 
N. Y. 

Procurement to any other 
ND or product classifica- 
tion will require prior 
resurvey and QC approval. 

Procurement to. any other 
ND or product classifica- 
tion will require prior re- 
survey and QC approval. 

Pra t t and Worm 10-29-64 Worm Gear only Procurement to any other 
Whitney gear ND or product classifica- 
W. Hartford, ticn will require prior re- 
C onn . survey and QC approval. 



TABLE 6-8 
DETAILED STATUS OF 

LXBIR'ED APPROVAL SOURCES (Page 2 d 3) 

Date of 
Part Limited Status of 

Supplier Type Approval Limitation Corrective Actlon 
Li  

Creskill- Rubber 7-27-65 C h s  I I1 only Procurement to any other 
Stillman Products ND or product classifica- 
Englcwood, tion will rcquirc prior re- 
N. J. survey and QC approval. 

Gen. Astro Processor 10- 27-64 Raw Material only Procurement to any other 
hletals of Be and ND or prcduct classifica- 
Yonkers, machining tion will require prior re- 
N. Y. survey and QC aprroq.al. 

K and E Collimator 4-22-64 GSE unly 
Hoboken, N. J. Fabrication 

Procurement to any dher 
ND or product classifica- 
tion will require prior re- 
survey and QC approval. 

Greenfield Tap Worm Gear 9-26-63 Worm Gear only Procurement to any other 
and Die ID or product classifica- 
Greenfield, tion will require prior re- 
Mass. survey and QC approval. 

Metavac Inc. Gpiical 6-10-65 Class I I1 only Procurement to any other 
Bayside, N. Y. Coating Nf) or product ciassifica- 

tion will require prior re- 
survey and QC approval. 

Brorurer Tool Machining 1-17-64 Precision maeMning Procurement to any other 
Hanover, N. J. General except beryllium. ND or product classifica- 

tion will require prior re- 
survey and QC approval. 



TABLE 5-8 
DETAILED STATUS OF 

LIMKED APPROVAL SOURCES (Page 3 of 3) 

Date of 
Part Limited Staius of 

Supplier Type Approval Lit~litation Corrective Action 
.- - 

Vernon Phting Phting 12-2-63 Approved for plating Procurement to any other 
Woodside, N. Y. except bbck anodize. ND cr prodact classifica- 

tion will require prior re- 
survey and QC approval. 

C. L. Berger Etching of 7-23-65 Approval limited to Procu- enient to any other 
Bostm, Mass. reticles etching of ret icks ND or product classifica- 

(2nd tier suppher) tion will require prior re- 
survey and QC approval. 

Messinger Ebll 5-23-63 GSE Bearings only. Procuresnent to my other 
B. B. Bearings ND or product classifica- 
Philadelphia, tion will require prior re- 
Benna . survey and QC approval. 

Customat ic Machining 5-7-63 
Stamford, general 
Conn. 

Class In only 

Draun Tool Flat 4-17-63 Chss III only 
Hawthorne, Springs 
N. J. 

Electronic Sheet Metal 11 -17-65 FTE, GSE only 
Sheet Metal Fabrication M1L-B-9858 
Stoughton, 
hLtss. 

Procuretnent to any other 
ND or product classifica- 
tion will require prior re- 
survey and QC approval. 

Procurement to any other 
ND or  product classifica- 
tion will require prior re- 
survey and QC approval. 

Procurement to any other 
M) or product classifica- 
t im will require prim re-  
survey and QC approvalv 



KOLLSMAN INSTRUMENT CORPORATION 

INACTIVE CONDITIONALLY APPROVED SOURCES - Table 6-7 d e l i n e a t e s  
i n  de'-e s t a t u s  of i n a c t i v e  c o n d i t i o n a l l y  approved sources .  

LIMITED APPROVAL SOURCES - Table 6-8 d e l i n e a t e s  i n  d e t a i l  t h e  
s t a t u s  o f  l i m i t e d  a p p r o v s o u r c e s .  

QUALITY CONTROL SUPPLIER SURVEY VISITS - Tabhe 6-9 d e l i n e a t e s  
i n  de t a i l  t h e  s t a t u s  of Q u a l i t y  C o n t r o l  s u p p l i e r  survey  v i s i t s .  

QUALITY CONTROL SUPPLIER RESURVEY VISITS - Table 6-10 d e l i n e a t e s  
i n  de ta i l  t h e  s t a t u s  of  Q u a l i t y  C o n t r o l  s u p p l i e r  v i s i t s .  

QUALITY CONTROL G'JPPLIER SURVEILLANCE VISITS - Table  6-11 de- 
l i n e a t e s  i n  de ta i l  t h e  s t a t u s  of  Q u a l i t y  C o n t r o l  s u p p l i e r  e u r v e i l -  
l a n c e  v i a i t s .  

QUALITY CONTROL SUPPLIER SURVEILLP'YCE AND NEGOTIATION - Table 
5-12 a e l i n e a t e s  i n  de ta i l  the s t a t u s  ol' Q u a l i t y  Con t ro l  s u p p l i e r  
s u r v e i  1 lance  and n e ~ o t i a t i o n  v i s i t s  . 

IN-HOUSE CONFERENCES WITH SUPPLIERS - Table  6-13 de3.f ;ma tes  i n  
d e t a i l  t h e  s t a t u s  o t  in-house confe rences  w i t h  s u p p l i e z s  a t  Kollsman. 

ND 1015404 IMPLEMENTATION STATUS - Tables 6-14 and 6-15 i n d i c a t e  
implementat ion s t a t u s  o f  ND 1015404. 

PllRCHASE REQUISITIONS AND ORDERS - The purchase  r e q u i s i t i o n s  
p r o c e z e d  by Q u a l i t y  C o n t r o l  du r ing  t h e  r e p o r t i n g  p e r i o d  totaled 
2933. Purchase  o r d e r s  reviewed and released by QC totaled 2397 
d u r i n g  t h e  r e p o r t i n g  period. 

SUPPLIER PERFORMANCE RATING - Each s u p p l i e r  of  Apollo material 
to ~ o I l s m a n  r e c e i v e s  a q u a l i t y  r a t i n g  based on the t o t a l  past per- 
fomance i n p u t .  The  r a t i n g  is  based-on t h e  formula: 

- 

NO. of par ts  d e f e c t i v e  percent Q u a l i t y  Performance 
loo0 - N o .  o t  parts i n s ~ ~ e c t e d  Rat ing  expressed  

as p e r c e n t  of parts 
acceptable. 

C a t e g o r i e s  B and C of t h e  Q u a l i t y  Rat ing  of each  low-rated 
s u p p l i e r  a s s  made available on a monchly basis t o  t h e  S u p p l i e r  Con- 
t r o l  Group of Q u a l i t y  C o n t r o l  f o r  a n a l y s i s  and c o r r e c t i v e  a c t i o n .  
Th i s  e f f o r t  i s  coord ina ted  with t h e  Purchas ing  Department. 



KOLLSMAN INSTRUMENT CORPORATION 

TABLE 6-9 

QUALITY CONTROL SUPPLIER SURVEY VISITS (Page 1 o f  4 )  

SUPPLIER 

E x c e l l o  Tool  and D i e  

Accu-Rite Metal P r o d u c t s  

P i o n e e r  I n s t r u m e n t  Co .  

American Dura Fi lm 

P a r k e r  S t e a r n s  

W e s t f i e l d  Gauge Co. 

C o l e  Rubber and  P l a s t i c s  

Toyad C o r p o r a t i o n  

ADDRESS 

H i c k s v i l l e ,  New York 

Farmingda le ,  New York 

Hanover, M a s s a c h u s e t t s  

L o w e r  Newton F a l l s ,  Mass. 
Brooklyn,  N e w  York 

W e s t f i e l d ,  M a s s a c h b ~ e t t s  

Sunnyva le ,  C a l i f o r n i a  

L a t r o b e  , P e n n s y l v a n i a  

Cryotherm,  I nc .  F o g e l s v i l l e ,  Pennsy lvan ia  

Dale E l e c t r o n i c s  

Metals and Con t ro l s ,  I n c .  
(Div. o f  T.I.) 

T h e m a l  C i r c u i t s  

Comco P l a s t i c s  

Chemoptics  

C e n t r a l  , Gasket and Supply  

Mercury P l a s t i c s  

F o u n t a i n  P l a t i n g  

S p r i n g f i e l d  Bronze and Aluminurr! 

Lowry ~ n g i n e e r i n g  

In l and  MotQrs . 

Ball. B r o t h e r s  

Uni ted Trans  f  onner Company 

Arr.erican E l e c t r o p l a t i n g  Co. 

G e n e r a l  Electric 

E l e c t r o n i c  S h e e t  Metal 

G e n e r a l  Electric 

Cox and  Company 

Columbus, Nebraska 

A t t l e b o r o ,  M a s s a c h u s e t t s  
tlr9 

B e v e r l y ,  M a s s a c h a s e t t s  

Fiichmond H i l l ,  New Yark 

New York, N.  Y. 

B e l l m o r e ,  New York 

Chicopee  F a l l s ,  Massachuse t t s  

Chicopee  F a l l s ,  Massachuse t t s  

S p r i n g f i e l d ,  Massachuse t t s  

Danbury, C o n n e c t i c u t  

Radford ,  New York 

Denver, Colorado  

N e w  York, N. Y. 

C a ~ b r i d g e ,  M a s s a c h u s e t t s  

Sy racuse ,  New York 

S tough ton ,  M a s s a c h u s e t t s  

Auburn.  New York 

N e w  York, N. Y. 



KOLLSMAN INSTRUMENT CORPORATION 

TABLE 6-9 

QUALITY CONTROL SUPPLIER SURVEY VISITS (Page 2 of  4 )  

SUPPLIER ADDRESS - 
Logus Manufacturing Corn~~crny Fanningdale,  New York 

Chris-Lin Farmingdale, New York 
General  Avia t ion  and E l e c t r o n i c s  Wood Ridge, New J e r s e y  
Delta Microwave 
Survey: Approved 
Mercer Rubber 
Survey: Disapproved 
I n d u s t r i a l  T e c t r o n i c s  Inc .  
Survey: Approved 
E lg in  Machine Corpora t ion  
Survey: Approved 
K e m e t  Company 
Su rve i l l ance :  So lde r ing  & L o t  
Con t ro l  Procedure 
M e t a l l u r g i c a l  Heat T r e a t i n g  
Survey: Approved 

RCA 
Negot ia t ions  & S u r v e i l l a n c e  

Sky l ine  Corpora t ion  
Survey: Cond i t i ona l  Approval 

Sprague Electric 
S u r v e i l l a n c e  

Hackensack, New Jersey 

Hamilton Square, New J e r s e y  

Ann Arbor, Michigan 

Val ley  Stream, New York 

Clevelana ,  Ohio 

Syosse t ,  New York 

Lancas te r ,  Pennsylvania 

D e e r  Park,  N. Y. 

Concord, New Hampshire 

Hudson Tool and D i e  Newark,  New J e r s e y  
Resurvey: Cond i t i ona l  Approval 
Kinney Vacuum 
Resurvey 

Technical  Machine Company 
Survey 

Sche id l  Manufacturing Co. 
Resurvey 

RCA 
S u r v e i l l a n c e  

Pennsauken, New J e r s e y  

P e e k s k i l l ,  New York 

Copiague, New York 

Lancas te r ,  Pennsylvania 



KOLLSMAN INSTRUMENT C0R:PORATlON 

TABLE 6-9 

QUALITY CONTROL SUPPLIER SURVEY VISITS (Page 3 of 4 )  

SUPPLIER - ADDRESS 

S p e e d r i n g  C o r p o r a t i o n  
S u r v e i  1 l a n c e  

I - Solarsx Manufac tur ing  Company 
Survey : 
I s l a n d  P r e c i s i o n  
Resurvey 

C o n t r o l  A l l o y s  
Survey 
Thomas S p r i n g  Company 
Survey 
Gearcraft I n c .  
Survey 

Tangent  Tools 
Survey 

P l a s t i c  Associates I n c .  
Survey 

R and D Tool I n c .  
Survey 

L. I. Metal S p i n n i n g  Co. 
Resurvey 

Bayswater  Craf t sman  
Survey 
W. L. G o r e  
S u r v e i l l a n c e  
Amesican T i m e  P r o d u c t s  
Resurvey 
P h o t r o n i c s  I n c .  
Resurvey 
Metavac InC. 
S u r v e i l l a n c e  

t 

Thin F i l m  P r o d u c t s  
S u r v e i  l l a n c e  

Warren, Michigan 

Parmingda le ,  New York 

Farmingda le ,  New York 

Farmi n g d a l e ,  New York 

Fann ingda le  , New York 

Haze l  P a r k ,  Michigan 

Farmingda le ,  New York 

Jamaica, N e w  York 

Farmingda le ,  New York 

Freeport, New York 

Brooklyn,  New York 

Newark, Delaware 

Woodside, N e w  York 

F l u s h i n g ,  New York 

Bays ide ,  New York 

Cambridge, Massachuse t t s  



KOLLSMAN INSTRUMENT CORPORATION 

TABLE 6-9 

QUALITY CONTROL SUPPLIER SURVEY VISITS (Page 4 of 4) 

SUPPLIER ADDRESS 

American Time Products 
Critical Processes and Bonded 
File Established 

C. L. Berger and Sons 
Survey: Conditional Approval 

G. E. Capacitor ~ivision 
Negotiations : Critical Process 
Agreement 

W. La Gore 
Surveillance and Critical 
Process List 

Woodside, New York 

Boston, Massachusetts 

Inno, South Carolina 

Newark, Deleware 

Astro-Gear and Instrument Co, Inc Stoughton, Massachusetts 
Surveillance 

Consolidated Testing Laboratory New Hyde Park, N. Y, 
Surveillance 

Dodge Fibers Corporation 
Survey 

Pioneer Astro 
Surveillance 

Siliconix Corporation 
Surveillance 

Solvere, Inc. 
Surveillance 

Hoosick Falls, N. Y. 

Chicago, Illinois 

Mountain View,  California 

Santa Ana, California 



TABIS 6-10 

QUALITY CONTROL SUPPLIER RESURVEY VISITS 

SUPPLIER 

H and D Tool Company 

L and R Stamping Company 

Customatic, Inc. 

Clifton Precision Products 

Texas Instrument 

Scheidl Mfg. Company 

Fairchild Semiconductors 

J 

ADDRESS 

RESURVEY - 
Farmingdab, New York 

Farmingdale, New York 

Stamford, Connecticut 

Clifton Heights, Pennsylvania 

Dallas, Texas 

Copiague, New York 

SURIf EY AND NEGOTIATION 

Moun9Anvie s, California 

DATE OF VISITATION 

1 October 1965 

4 October 1965 

1 November 1965 

17 November 1965 

7-8 December 1965 

14 December 1965 

5 October 1965 

b 



KOLLSMAN INSTRUMENT CORPORATION 

TABLE 6-11 (Page 1 of 2) 

QUALITY CONTROL SUPPLIER SURVEILLANCE VISITS 

-- -- - - - - - 

S U P P L E R  ADDRESS - --- - - - .  - - ---- - -- 
American Time Products Woodside, New York 

C onsoudated Testing Labs New Hyde Park, New York 

Astro Gear Stoughton, Massachusetts 

Bush Transformer Compny Westwood, Massachusetts 

Qualitron Dantxlry, Connecticut 

Moore Special Tool 

Photronics 

Metavac 

American Beryllium 

RCA 

Photronics Inc. 

Sanders Flexprint Division 

American Time Products 

Consolidated Test Labs 

Bridgeport, Connecticut 

Flushing, New York 

BaysMe, New York 

Sar asota, Florida 

Lancaster, Pennsylvania 

Woodside, New York 

Nashua, New Hampshire 

Woodside, New York 

New Myde Park, New York 

Solvere Inc. Santa Am, California 

Metavac Inc. Flushing, New York 

General E lectric Company Irma, South Carclina 

Clifton Precision Products Colorado Springs, Colorsdo 

Arneriean Time Products Woodside, New York 



KOLL SMAN INSTRUMENT CORPORATION 

TABLE 6-11 (Page 2 of 2) 

QUALITY CONTROL SUPPLIER SURVEILLANCE VISITS 

SUPPLIER ADDRESS - 
H.  Roessle Hicksville, New York 

Pyroiilm Inc. Cedar Knolls, New Jersey 
Beryllium Mfg. Company Valley Stream, New York 

Pioneer Astro Chicago, Illinois 

Brush Beryllium Cleveland, Ohio 

W. L. Gcse Newark, Delaware 

Asvro Gear 

C lifton Precision Products 

Pioneer Astro 

Motorola 

Hudson Tool and Die 

Austin Tool 

Stoughton, Massachusetts 

C liftan Heights, Pennsylvania 

Chicago, Illinois 

Phoenix, Arizona 

Newark, New Jersey 

Syosset, New York 



TABLE 6-12 

I QUALITY CONTROL SUPPLER SURVEILLANCE AND NEGOTIATION VISITS 

SUPPLIER - ADDRESS -- 
Contitlcntal Con~lcctor Woodsicle, New York 

Thin Film Products Cambridge, Massachusetts 

Mctrigraphic Stoneham, Massachusetts 

Ccntinental Connector Corp. Woodside, New York 

B. G. Instrument Company Corona, New Yoxk 

Diaphragm Industries Inc. Danvers, Massachusetts 

Radio Corp. of America 

Speedring 

Lancaster, Pennsylvania 

Warren, Michigan 



KOLLSMAN INSTRUMENT CORPORATION 

TABLE 6-13 

IN-HOUSE CONFERENCES WITH SUPPLIERS A T  KOLLSMAN 

- - .  -. 

SUP' "LIER ADDRESS 
-. -- 0 -----. -- 

Solvere. Inc. Smta  Ana, California 

Moore Special Tool 

Pioneer Astro 

Siliconix 

Photronics 

Filetalcraft 

Island Precision 

Metals, b ~ c .  
(Uir .  of T. I. ) 

Bridgeport, Connecticut 

Chicago, Illinois 

Sunnyvale, California 

Flushing, New York 

Garden City, New York 

Farmingdale, New York 

Attleboro, Massachusetts 

Astro-Gear Stoughton, Massachusetts 

W i l -  Nic Corona, New York 

Cust omatic Stamford, Connecticut 

Speedring Warren, Michigan 

Bush Transformer Westwood, Massachusetts 

New Hampshire  Ball Bearings Peterborough, New Hampshire 



KOLLSMAN INS7 i.(UMENT CORPORATION 

TABLE 6-13 

IN-IIOUSE CONFERENCES WITH SUPPLIERS AT KOLLSMAN 

SUPPLIER ADDItESS 
-- -- -.- -- - - -- -.-- . - -..- --.. - -- - - I-.-- .- .--- 

New Hampshire Dall Bearing Peterborough, New Hampshire 

Fhotronics Bayside, New York 

Island Precisian Far mingdale, Sew Y or  k 

Kearfot t Little Falls, New Jersey 

New Hampshire Ball Bearing Peterborough, :New Hampshire 

Ejush 'Ifransformer Co. 

Long-Lok Corp. 

Westwood, Massachusetts 

Radio Corp. of America Lancaster, Pa 

Island Precision 

All Metal Screw 

Kcarfott 

Dr. Heidenhaim 

Farmingdale, New York 

Garden City, New York 
Clarification of Requirements 

Little Falls, New Jersey 
SCD Requirements 

8225 Travemeut Uber Traunstein 
Nannen Strasse,  Germany 
ND 1015404 Negotiations 



TABLE 6-14 

ND 1015404 Class  I and I1 Suppl iers  

COMMAND MODULE/LUNAR EXCURSION MODULE 

Requirements 

Inspection Plans Required 

Approved 

In Process 

Traceabi l i ty  "lans Required 
Approved 

In Process 

C r i t i c a l  Process Agreements 
Required 

Approved 

In Process 

Third Period 
1965 

246 

199 

47 

240 

STATUS 

Fi re t Period 
1965 

152 

99 

53 

152 
112 

40 

298 

259 

39 

Second Period 
1965 

223 

16 7 

66 

232 

186 

46 

461 

4 26 

35 



TABLE 6-15 

ND 1015404 Process and Documentation 

COMMAND HODULE/LUNAR EXCURSION MODULE 

STATUS 

Change Status 

OI 
I 
VI 
t-' 

Change Required Received 

Accepted 

Not Accepted 

I n  Process 
- -- 

First Period 
1965 

-- - 

Second Period 
1965 

266 

208 

45 

13 

64 

23 

8 

33 

Third Period 
1965 

195 

136 

31 

28 



~(OLLSMAN INSTRUMENT CORPORATION 

The breakdown o f  t h e  purchase  r e q u i s i t i o n s  and purchase  orders 
for t h e  q u a r t e r l y  p e r i o d  i s  shown i n  Table 6-16 f o r  t h e  Command 
Module and  Table 6-17 for  t h e  Lunar Excurs ion Module. 

Q u a l i t y  Control.  reviewed 38 Job Par t s  L i s t  releases d e s t i n e d  
f o r  Block I1 c o n f i g u r a t i o n .  T h i s  review i s  p a r t  o f  t h e  F a b r i c a t i o n  
Documents C o n t r o l  p rocedure ,  e n s u r i n g  adequa te  c o n t r o l  o v e r  pro- 
curement o f  machine shop p a r t s .  See Table 6-18 for breakdown o f  
t h e  Job P a r t s  L i s t  reviewed and released for t h e  r e p o r t i n g  period. 

TABLE 6-16 

COMMAND MODULE 

Purchase  R e q u i s i t i o n s  and Orders P rocessed  

s 

Month 

F i r s t  

P e r i o d  

Second 

P e r i o d  

Third 

Period 

Purchase  Orders 
P rocessed  

1027 

614 

50 1 

Purchase  R e q u i s i t i o n s  
P r o c e s s e d  

10 50 

840 

727 

7 

Total 
P rocessed  

2077 

1454 

1228 

* 



KOLLSMAN INSTRUMENT CORPORATION 

Table 6-17 

LUNAR EXCURSION MODULE 

Purchase Requis i t ions and Orders Processed 

TABLE 6-18 

Month 

F i r s t  

Period 

Second 

Period 

Third 

Period 

Job Parts L i s t  Releases 
COMMAND MODuLE/LUNAR EXCURSION MODULE 

Purchased Orders 
Processed 

140 

79 

36 

Month . 
F i r s t  Period 

Second Period 

Third Period 

* 

Purchase Requis i t ions 
Processed 

173 

87 

56 

Qua l i ty  Control R e v i e w  
146 

97 

38 

Total 
Processed 

t 

313 

166 

92 



KOLLSMAN iNSTRUMENT CORPORATION 

SUPPLIER QUALITY RATING STATUS- Table 6-19 " Q u a l i t y  Rat ing 
S t a t u s  Char tw l ists the number of S u p p l i e r s  f o r  t h e  t h i r d  q u a r t e r  
of 1965 and t h e  f o u r t h  q u a r t e r  of 1965 i n  t h e i r  r e s p e c t i v e  Q u a l i t y  
Rating c a t e g o r i e s .  Three (3 )  c a t e g o r i e s  have been developed a s  
fo l lows : 

Category A = Number of S u p p l i e r s  w i t h  Monthly Q u a l i t y  
Rat ing of LO0 - 84 p e r c e n t  

Category B = Number of S u p p l i e r s  wi th  Monthly Q u a l i t y  
Rat ing of 84 - 40 pe rcen t  

Category C = Number of S u p p l i e r s  w i t h  Monthly Q u a l i t y  
Rat ing o f  40 - 0 p e r c e n t  

Q u a l i t y  Cont ro l  developed t h e  graphs  shown i n  F igures  6-7, 6-8, 
and 6-9 t o  i l l u s t r a t e  t h e  r e s u l t s  du r ing  t h e  r e p o r t i n g  pe r iod .  

PROCUREMENT PROBLEM AREAS - Table 6-20 lists procurement prob- 
l e m  areas, t h e i r  cause and s t a t u s  dur ing  t h e  f o u r t h  q u a r t e r  of 1965. 

PROCUREMENT PROBLEMS RESOLVED - Table 6-21  l ists procurement 
problems reso lved ,  t h e i r  cause and c o r r e c t i v e  a c t i o n  taken  dur ing  - - 

t h e  f o u r t h  q u a r t e r  of  1965. 

6.4 .5  Q u a l i t y  Enqineer ing 

Q u a l i t y  Cont ro l  (QC) ,  as a member of t h e  Manufacturing Release 
Committee, reviewed and approved 64  C l a s s  "A" drawings f o r  t h e  Block 
11 O p t i c a l  Uni t  Assembly (OUA) dur ing  t h e  r e p o r t i n g  per iod .  Fourteen 
Class  "Aw drawings f o r  t h e  LM program were processed  dur ing  t h i s  
period. 

Five hundred e igh ty - s ix  eng ineer ing  changes f o r  t h e  OUA were 
processed  by QC as a r e p r e s e n t a t i v e  on t h e  Change Contro l  Board 
(CCB) . 

~ u a l i t y  Cont ro l  ma in ta ins  a j o i n t  r e s p o n s i b i l i t y  w i t h  R e l i a b i l i t y  
f o r  c o r r e c t i v e  a c t i o n  r equ i r ed  as a r e s u l t  of f a i l u r e  a n a l y s i s .  A 
detailed d e s c r i p t i o n  of ac t ims i n s t i t u t e d  by t h e  F a i l u r e  Committee 
i s  inc luded  i n  the Q u a r t e r l y  R e l i a b i l i t y  S t a t u s  Report. 

tl. 4.6 F a b r i c a t i o n  Cont ro l  

INSPECTION PROCEDURES - A t o t a l  of  3668 i n s p e c t i o n  procedures  
1 r ece ived  t h e  a t t en t i o r1  o f  the Q u a l i t y  Cont ro l  2rocedures  group dur ing  

this pe r iod .  O f  t h i s  t o t a l ,  236 covered p u r c h - s e d  items and 3432 
- 

s u p p l i e d  rework,  eng inee r ing  changes and manufacturing o r i g i n  in-  



TABLE 6-19 

QUALITY RATING STATUS CHART 

Month 

F i r s t  

Period 

Second 

Period 

Third 

Period 

CATEGORY A 
100084% 

Number of 
Suppl iers  

166 

171 

196 

Percentage 

50% 

56% 

5 3% 

CATEGORY B 
84040% 

Number of 
Suppl iers  

53 

41 

52 

Total 

333 

30 3 

371 

Percentage 

16 % 

14% 

14% 

CATEGORY C 
40-08 

Number of 
Suppl iers  

114 

91 

123 

Percentage 

34% 

30% 

33% 



KOLLSMAN INSTRUMENT CORPORATION 

SLO O C t  NOV O E C  JAN FEE MAR APA MAY JUN JUL AUO SEP O C t  N O V  DEC JAN FEB MAR APn MAY JUN 

1064 106s leer -4 

64 h'lONTHLY PLOT . 8 i r r r 8 r r 1 i i i 8 8 8 8 8 ~ 8  LINE AR TREND 
Percent of Suppliers in = pS QRC Linear Relationship Y = a + b x  
100-84% Q. R. Category A - a = Y Intercept 

No. of Suppliers b = Regression Coefficient 
in Category A 

PS-ZQRC = --- No. of Suppl i e~~s  
'Shipping Monthly 

'I Figure 6-7 .  Trend of Suppliers in 100-848 Quality Rating Category .p*uy ! 



KOLLSMAN INSTRUMENT CORPORATION 

6 SEP OCT NOV Dr'C 3AN P E 8  MAR ApR MAY JU# 3UL AUO 9EP OCl NOV OEC JAN FEB MAR APR MAY JUN 

MONTHLY PLOT 8 8 8 8 8 8 8 8 8 8 8 8  LINEAR TREND 

Percent  of Suppliers in - ,S - I QRC Linear Relationship Y = a + b x 
84.40% Q. R. Category B - a = Y Intercept 

No. of Suppkjers b = Regression Coefficient 
- - 

in Category B 
-- PS % Q R C = N o .  of ~up- 

Shipping Monthly 

Figure 6-8. Trend of Sappliers in 84040% Quality ~ a t i n g  Category 



KOLLSMAN iNSTRUMENT CORPORATION 

S E P  O C T  W V  D C C  JAN f E B  M A R  APR MAY JUN JUL AUO S E ?  O C T  N O V  OkC JAN FED MAR APA MAY JUN 

MONTHLY PLOT 8 1 1 8 8 8 8 8 l l 8 8 8  LINEAR TREND 

Percent of Suppliers in = pS 
40-03 Q. R. Category C - QRC 

No. of S~ ipp l i er s  

Linear Relationship Y = a - b x 

a = Y Intercept 

b = Regression Coefficient 
in Catecorv C S % QRC = ------A- -- - No. of Supp l i e r s  
Shi pp: I I ~  Month ly 

Figure 6-9. Trend of Suppliers 4 0 4 %  Quality Rating C3tegory 

6-58 



TABLE 6-20 (PPgb 1 d 4) 

PRQCUREMENT PROBIEM AREAS 

PROBLEM I CAUSE STATUS 

Falrchi lcl Semlconductor (Transis - 
tors) P N  1010342, P N  1010352, 
P N  101 043 1 

1. Traceability reqdrements of 
ND 1015404, para. 3.3.8, non- 
con for mance. 

2. Waivers presently required for 
all usage. 

OC LI and Photronics (Beamsplitter) 
P N  2012222 

1. Suppliers could not matntaln 
flatness requirements as  per 
drawing. 

2. Partsanddriftingoutof 
specification. 

Chicago Miniature Lamp Works 
(Lamp) P N  1010493 I 

103 percent rejection rate for 
failure to meet SCD visual 
criteria and workmanship 
standards. 

Disagreement between supplier 
and AC/KIC on adequ$cy of pre- 
sent Fairchild controls and ex- 
pense of ND 1015404 requirements 

Glass used had inherent unstable 
working characteristics and could 
not be stabilized. 

Supplies unable to manufacture 
lamps to SCD requirements due to 
state of the art. 

1. Cmrdlnation with AC for SCD 
charee to reUeve supplier of trace - 
ability requirements. 

2. Contractual relief, other than 
waivers, required by AC and KIC. 

KIC evaluation resulted in drawhg 
change to more stable glass. 

1. KIC and AC Electronics joint 
drawing review resulted In exten- 
sive drawing changes. 

2. Supplier and contractors drawing 
under negotiation prior to CC B 
approva 1. 



TABLE 6-20 (Page 2 of 4) 

PROCUREMENT PROBISM AREAS 

PROBLEM 

Erie TechnoIogical Products 
(Capacitor) PN 1012041 

1. La-..' yield (1 5%) by supplier ln 
manufacture of capacitors. 

3. Supplier refusal to continue 
mat~ulacture of capacitors. 

CAUSE STATUS 

I 
Electrical performance incom - 
patibility with physical size d 
capacitors. 

Drawing change derating electrical 
reguiremer4t is under discussion by 
KIC and supplier. 



TAB= 8-20 (m 3 oi 4) 

PROCUREMENT PRGBI91M AREAS 

PROBIXM I CAUSE I STATUS 

High rejection rate on RCA Photo- 
multiplier tubt-s, PN 1012043, due to 
defective leads 

Supplier (RCA) of Photomultiplier 
tubes, P N  1012043, experiencing ex- 
tremely low yield, causing concern 
lor possible schedule impact. 

Leads inherently susceptible to dam 
age due to processing and inspection 
at RCA (kinks, nicks, soldc-r . ctc. ) 

. i 
1. RCA to institute a lead Quality 

Program. Plan to be submitted 
to KIC Lor acceptance by 1 Oct. 
1965. 

2. KIC and RCA to establish accept- 
ance criteria not later than 15 
Oct. 1965. 

Two meetings held at supplierf s facility 
to  review design and manufacturing 
problems. 
1. Proposed engineering personnel 

changes. 
2. Proposed operator training pro- 

gram. 
3. Supplier continuing investigatim 

of design problems and manufac- 
turing processes. 

4. Supplier anticipates problem 
soluiion 'by 30 Sepi. i065. 

5. S-spplier will submrt progress in- 
formation to KIC via a monthly 
presentation. 

6. KIC processing SCD change. 
7. Metal glass seals will be supplied 

with each lot for lead verification. 



TABLE 6-20 (PP- 4 of 4) 

PROBLEM 

Fairchild AFQAR report to NASA- 
MSC that Taylor Electronics (distri- 
butor) has not ken passing KIC Pur- 
chase Order QC requirements to 
Fairchiid. 

PROCUREMENT PROBLEM AREAS 

CAUSE 
-------- ---- 

Fairchild will not accept direct pro- 
curement for quantities less than 
1000. 

- 
STATUS 

1. KIC requested copies of Purchase 
Order from Taylor Electronics. 

2. KIC AFQAR requested specific 
details from Fairchild AFQAR. 

3. KIC scheduled trip to Fairchild 
for 28 Sept. 1965. 



TABU3 6-21 (Page 1 of 6) 
PROCUREMENT PROBLEMS RESOLVED 

PROBLEM CAUSE CORRECTIVE ACTION 

Thermal Circuits Inc. (Heater Pad) 
PN 1012531 

1. Sole source supplier per QSL. 

2. Will not comply with NI) 
101 5404 Class II requirements. 

Bush Transformer Co. (Trans- 
former) P N  1012148 

1. Transformers were rejected for 
failure to pss self oscillating 
frequency requests. 

2. Additional testing revealed con-. 
tinuing degradation of induced 
voltage characteristics. 

Electra M g .  Co. (Resistor) 
PN 1010364 

Supplier would not ship without' 
waiver of SUD qualification 
test requirements. 

1. Drawing change from ND 
1015404 Class I I I to Class 11. 

2. No parts procured. 

1. Excessive distl i buted cap- 
acitance in windings. 

2. Faulty dielectric material or 
werstressing of electrical 
testing. 

1. Qualification test not perform- 
ed by supplier. 

1. f<IC requested thermal circuits 
removal from QSL. 

2. KiC requested that Cox and Company, 
Inc. be placed on QS L. 

1. Implementation of a more precise 
winding lay procedure. 

2. Failure analysis (including section - 
ing) 01 components. 

1. AC presently qualifying parts. 



TABLE 6-21 (Pzge 2 of 6) 

PROCUREMENT PROBLE US PESO LVED 

2. AC letter 12-64 relieved 
Electra of Qualification Test 
requirements. 

PROBLlEM 

Clifton Precision Products 
(Resolver) PN 1012157 and PN 
1010341 

CAUSE 

Broken lead wires - one unit 
had brokec leads during 
qualification tests and several 
units examined at CPPC, 
Colorado exhibited broken 
strands. 

CORRECTIVE ACTION 

2. Supplier to certify design intent 
to meet Qualification Test. 

3. KIC and CPPC will inspect avail- 
able units for broken strnwls and 
effect repair where required. 

Wires were bent at a right 
angle adjacent to the weld and 
flexing of wires during handling 
resulted in broken strands. 

1. C BPC will change the we! 2 con- 
figuration Lo eliminate right 
angle bend. 

2. C PPC will investigate anchoring 
wires with epoxy. 



TABLE 6-21 (Page 3 of 6) 

PROCUREMENT PROBJXMS RESOLVED 

- -- ~ 

CORRECTIVE ACTION - 
ND 1002242 - Quality ControlJnfttated 

prelimimry TDRR, 
K478 to MIT/IL. 

IUD 1602224 - Quality Control initiated 
changes for submission 
to MIT/IL. 

KIC-QC meeting with NHBB and D-R 
resulted in: 
1. Clean room recertified by indepen- 

dent laboratory. 
2. NHBB decision to purchase Rayco 
. particle counter by 23 August 1965. 
3. Marking of bearing inner container 

was in compliance with ND 1002019. 
4. Certification by GE was deemed 

satisfactory. 
5. NHBB to purchase Rayco particle 

counter for delivery in  October 
1965, and will monitor the clean 
room to Fed. Standard 209. 

I 

v 

PROBIJEM 

Following documents require changes: 
ND 1002224- General specification 

for extremely low re- 
f lcction coatings. 

M) 1002242- General specification 
for thin film coatings 
to enhance reflectaiice 
of fror~t -surfaced 
aluminized mirrors 

DODQAR at New Hampshire Ball 
Bearing Co. would not approve ship- 
ment of parts to KIC pending: 
1. Monitoring of clean room to Class 

100 zelative to particle count. 
2. h? trking of bearings in lieu of 

tagging. 
3. Inadequate supplier certification 

of lubricant. 

CAUSE 

1. Did not cover ultraviolet rmge 
as required by tracker and 
photometer optics. 

2. Lot sampling requirements not 
clearly defined. 

3. Test requirements hot clearly 
defined. 

4. Spectrophotorneter angle of 
incidence measurement was in- 
correct. 

NHBB Class 100 clean room not 
monitored as per Fed. Std. 209. 

DODQAR, W. Knight, felt that mark- 
ing specification was ambiguous. 

NHBB was buying lubricant to Rev. 
"0" of ND 1002077. 



TAB= 6-21 (Ppge 4 d 6) 

PROCUREMENT PROBLEMS RESOLVED 

PROBLE M 

Supplier American Time Products; 
product nonconformance 
1. Foreign matter discovered in 

resonators. 
2. An apparent frequericy drift 

between suppLier final inspection 
and assembly at KIC. 

3. Black oside coating removed 
around aperture. 

Use of unqualified and uncertified 
soldering operators on flex cables 
by W. L. Gore Co. 

CAUSE 

1. Suppliers assembly area not suf- 
ficiently clean; method of in- 
stalting inertia weight produces 
chips. 

2. Burrs on i ne r t i~  weight break 
free causing imbalance. 

3. Mechanical bguging ol aperture 
dimensions removing coating. 

1. W. L Gore preferred to use a 
NASA -trained job shop facility 
for soldering. 

2. Job shop had certification but 
was not qualified for miniature 
precisi~n work. 

CORRECTNE ACTION 

1. Steri-hood assembly has been in- 
stalled by supplier and method d 
installing weights revised and 
documented. 

2. Balancing procedure revised to 
provide instructions for removal 
of loose burrs from weights and 
to the cleaning of the unit aiter 
balancing. 

3. An optical comparator will be 
used in  the future to measure 
aperture dimensions. 

1. Quality Control coordiriated the 
temporary certification (30 days) 
of W. L. Gore personnel by a 
category I1 KIC instructor. 

2. Job shop facility, Mohawk Ekctrlc, 
to certify W. L Gore personnel. 

3. KIC conducted a survey d W. L. 
Gore to verify use d qualified 
per sonne 1. 



TABLE 6-21 (Poge 5 oi 6) 

PROCUREMENT PROBLEMS RESOLVED 

PRBBmM I CAUSE I CORRECTIVE ACTION 

Speedring Corp. optical elements 
n~nconformances: 
1. Inadequate packing of optical ele- 

ments. 
2. t!isp;lted rejects on flatness and 

scratches. 
3. No cleariy defined areas of govern- 

merit inspec!fm responsibility. 

1. Packaging material contacting 
mirror surfaces. 

2. Inspection equipment differences 
anlong KIC, Speedring and 
Speedring lower tier supplier 
(oc 

3. Speedring did not impose GSf 
requirements on lower tier sup- 
pliers. 

High reject rate on Al l  Metal Products 
. lxwrglok screws, burrs, poor threads, I 

etc. 

1. Insufficient designation of screw 
requirements. 

2. Poor quality ut All Metal Pro- 
ducts workmanship. 

1. Speedring to review entire clean- 
ing and packing procedure by 30 
Sept. 1965. KIC supplied infor- 
mation on superior "anti -tarnishv 
lens tissue. 

2. Speedring procured Davidson 
D309 interferometer for flatness 
check. 
Tentatively agreed to procure 
B and L microscope for measuring 
scratches. 
This will now provide a related 
inspection to that of KIC and OCU. 

3. KIC to coordinate GSI request 
with resident AFQAR. 
Speedring will impose GSI on OCLI 
a s  directed. 

1. Longlok agrees to supply instru- 
ment type screws from another 
source. 

2. Each POfrom KIC to Longlok will 
state "KIC requires Hi-Q Instru- 
ment type screw. Basic screw 
must be completely free of burrs." 



TABLE 6-21 (M 6 oi 6) 

PROCUREMENT PROBLEMS RESOLVED 

PROBLEM 

Supplier of Pressure Seal, PN 6011096, 
(Diaphragm Industries, Inc. ) has not 
been able to meet dimensional re- 
quirements 01 the drawing. 

1. Supplier of mirrors, FW 2012368, 
P N  2012369 and P N  2012451, 
(Pnotronics) reported sub-supplier 
experienced 20 penetrant inspec- 
tion failures alter part marking by 
electro etch. 

2. F .b-supplier claimed parts are too 
small to mark per drawing and PO 
requirement. 

CAUSE 

Supplier apparently not sufficiently 
knowledgeable of properties of 
material used and its reaction to 
molding process. 

1. Poor electro etch process con- 
trol. 

2. Inadequate marking equipment. 

CORRECTIVE ACTION 

Supplier visited and procedures and 
controls reviewed. 
1. Supplier obtained additionalinfor- 

mation on silicon rubber material 
properties from Dow Corning, 
mfr . of *he material. 

2. Supplier is confident ihiit investi- 
gations and experimentation h a s  
provided sufficient data to permit 
production of acceptable parts. 

Checked for similar problems at KIC 
and other beryllium fabricators. Only 
likely cause deter mined tc? be impropr 
neutralizing and clezning after etching. 
Supplier QC checked process of subs 
facility. Contacted supplier ta deter- 
mine equipment available for marking. 
Also checked KIC marking procedures 
aitd equipment. 
1. Supplier QC exercising closer con- 

trol of sub-suppliers processing. 
2. Supplier agreement to purchase 

recommended marking tools. 



KOLLSMAN INSTRUMENT CORPORATION 

format ion  to  t h e  shop  and assembly area. See Tables  6-22 arrd 6-23 
f o r  t h e  breakdown of  t h e s e  f i g u r e s  f o r  t h e  Command Module and t h e  
LM on a monthly basis. 

PROCESS CONTROL - Figure  6-10 i l l u s t r a t e s  f i v e  o f  t h e  process 
c o n t r b l  c h a r t s  main ta ined  by QC f o r  t r e n d  a n a l y s i s  and c o r r e c t i v e  
a c t i o n  implementat ion.  

PROCESS CONTROL CORRECTIVE ACTION - Problem/Correct ive  Act ion 
I (CA) S t a t u s  ot Char t  No. 2 ,  Welding Process and C h a r t  N o .  3 ,  Hand 

S o l d e r i n g  P r o c e s s  (F igure  6-10) i s  l i s t e d  i n  T a b l e  6-24. 

FABRICATION INSPECTION AND TEST - During t h e  r e p o r t i n g  p e r i o d ,  
42,556 parts were i n s p e c t e d .  Two thousand seven  hundred f o r t y - t h r e e  
p a r t s  were rejected f o r  a average  r e j e c t i o n  rate of  7 ~ e r c e n t ;  
Table 6-25 r e p r e s e n t s  a f i n a l  summary for t r e n d  a n a l y s i s  and correc- 
t i v e  a c t i o n  implementat ion.  See F i g u r e  6-11 f o r  t r e n d  i n  pe rcen tage  
of parts d e f e c t i v e  (PP/OD) . 

ASSEMBLY INSPECTION AND TEST - During the q u a r t e r l y  r e p o r t i n g  
periob 17783 assembl ie s  were i n s p e c t e d .  E leven  hundred seventy-  
seven  assemblies were rejected for  a ave rage  r e j e c t i o n  rate o f - 6  
p e r c e n t .  Table 6-26 r e p r e s e n t s  a f i n a l  summary for t r e n d  a n a l y s i s  
and corrective a c t i o n  implementat ion.  See F i g u r e  6-12 f o r  t r e n d  i n  
percer, tage of assemblies d e f e c t i v e  (PAD) . 
6.4.7 Mat.eria1 R e v i e w  Board 

MATERIAL REVIEW ACTIVITY - Q u a l i t y  C o n t r o l  processed 196 Formal 
Board Act ions  (FBA) f o r  t h e  in-house s e c t i o n  of t h e  Material R e v i e w  
Board (MRB) d u r i n g  t h e  r e p o r t i n g  pe r iod .  One hundred seven ty - f ive  
FBA's were for t h e  Command Module and twenty-one were for t h e  LM 
f a b r i c a t i o n  a c t i v i t y .  See Tab le  6-27 for a d d i t i o n a l  a n a l y s i s .  
F i g u r e  6-13 i l l u s t r a t e s  t h e  in-house assembly a c t i v i t y  v e r s u s  t h e  
Material R e v i e w  A c t i v i t y  . 

MATERIAL REVIEW CORRECTIVE ACTION- QC h a s  i n v e s t i g a t e d  t h e  
cause  of t h e  nonconfonnances c o n t r i b u t i n g  to  t h e  FBA's processed  - 
d u r i n g  t h e  r e p o r t i n g  period, r e f e r e n c e d  i n  F i g u r e  6-13. C o r r e c t i v e  
Ac t ion ,  as detai led i n  F i g u r e  6-14, was i n i t i a t e d  by QC t o  p r e c l u d e  
r e c u r r e n c e  of t h e  nonconfonnances. 

6.4.8 Problem A r e a s  and C o r r e c t i v e  Act ion  

PROBLEMS RESOLVED - In-house f a b r i c a t i o n  problems r e s o l v e d  
are l is ted i n  Table 6-28. 



KOLLShAN INSTRUMENT CORPORATION 

TABLE 6-22 

I n s p e c t i o n  Procedures  Processed  

COMMAND MODULE 

TABLE 6-23 

Inspect ion Procedures  P rocessed  

LUNAR EXCURSION MODULE 

T o t a l  
I n s p e c t i o n  

Procedures  Processed  

1118 

983 

1148 

Month 

F i r s t  

Perf  o d  

Second 

P e r i o d  

T h i r d  

P e r i o d  

Purchased 
I terns 

117 

49 

41 

Rework 
Eng. Changes 

Mfg. O r i g i n  

1001 

934 

1107 

Rework 
Eng. Chages 
Mfq. O r i g i n  

201 

105 

84 

Purchased 
I terns 

11 

10 

8 

r _. 

T o t a l  
Inspect ion 

Procedures  Processed  

212 

115 

92 

Month 

F i r s t  

P e r i o d  

Second 

P e r i o d  

T h i r d  

P e r i o d  

* 
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Figure 6-10. (Page 1 of 4 )  Process Control 
(Computed on 3-week moving average) 
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Figure 6-10. (Page 2 of 4 )  Process Control 
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Sccond Period Third Period 

-I 
k o n d = d  Period 

Second Period Third Period 

CHART NO. I 
POTTING B PAINTING 
PROCESS CONTROL 

CHART N0.2 
WELDING PROCESS 
CONTROL 

CYART N0.3 
HAND SOLDERING 
PROCESS CONTROL 

Figure 6-10 (Page 3 of 4) Process Control 
(Computed on 3-week roving average) 
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Figure 6-10 (Page 4 of 4) Process Control 
(Computed or' 3-week moving average) 



T A B U  6-21 (M 1 d 2) 

Problern/CorrecUve Action Status (Figure 6-10) 

Corrective Actlon 

1. Nonconforming operator was re-  
trained by the Prograna Servicea 
Department Training Centc-r. 

2. Four nonconforming operators re- 
in approved welding practices by 
the Program Serv~ces Department 
Training Center. 

5. Two nonconforming operabrs were 
released permanently from the 
welding function. 

i 

Chart No. 
U v 

2 1 

2 

3 

Problem 

Rejected module assembly was attri- 
buted to a new operator employing 
poor practice techniques. All  the 
welds on this module were mis- 
aligned and the leads were not trim- 
med, due to a missed operation. 

Subsequent workmanship problems 
inf Luencirlg the three weeks average 
line attributed to four new operators, 
not including the operator referred 
to in Problem 1. above. 

Trend analysis disc loscd random 
influence of defective moduies 
caused percent defective average to 
remain approximately constant at a 
3 percent Level. This was attributed 
to two nonconforming operators. 
Percent defective Level dropped to 
1.6 percent during November after 
two operators were removed from 
this process. 

I I 



TABU 6-24 (Page 2 of 2) 

Problem/Corrective Action Status (Figure 6-10) 

Chart No. 0 
0 Problem 

I I 
- 

Major causes are "insufficient 
solder'' and "excessive solder. " 
Approximately 75 i ~ r c e n t  of rejects 
are of these types. A variation 
from insufficient -to-excessive -to- 
insufficient was apparent. Over - 
correction seemed to be a faclt. 

2 One lot of lead wires with incorrect 

I strip gap was detected prior to use 
by assembly. Inspecti on control was 
alerted and inst'!uted a tighter con- 

I trol check for this characteristic. 
Tor~!i~tg was evaluated and modified 

! l ~ y  rework lo correct this condition. 

Corrective Action 
...- - ,- 

1. Visual aids were procured in form 
of samp!e solder connections as 
prepiircd by N M A  for indoctrina- 
tion purposes. 

Quality Control conducted an in- 
vestig~.tion and evaluatio~t of in- 
spection and operations personnel 
performance relative to the "Hand 
Soldering Process. " Eeficicnt 
personnel were referred to the 
Program Services Department 
Training Center for retraining 
in the soldering skill. 

2. Instituted improved tooling and 
tighter inspection control proce- 
dure. 
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TABLE 6-25 

COMMAND MODULE/LUNAR EXCURSION MODULE 

PARTS/OPTICS FABRICATION-INSPECTED/REJECTED 

TABLE 6-26 

COMMAND MODULE/LUNAR EXCURSION MODULE 

ASSEMBLY FABRICATION-INSPECTED/REJECTED 

Month - 
First 

Period 

Second 

Per icd  

Third 

r e r i o d  

Month 

First 

Period 

Second 

Period 
- 

Third 

Period 

1 

Inspected 

28295 

8000 

5261 

Rejected 

1871 

562  

310 

Assembly 
Units  

Inspected 

Trend Indicator 

7% 

7% 

7% 

Assembly 
Units 

Rejected 

Trend Indicator 
(Relat ionship f to 
Previous Month) 
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S E P  O C T  NOV D E C  JAN ?ED MAR APR MAY JUN 3UL AUO S C P  O C T  NOV D E C  JAN F18 MAR APR MAY JUN 

e l 8 0 4  d- 1068 lee6 ,-d 

MONTHLY PLOT 1tm~om1~mmrnrn18f im~am LINEAR TREND 
"/, Parts/'~ptics Defective = PP/oD Linear Relationship Y = a - b x 

a = Y Intercept 
PP/oD = 

Parts/~ptics Rejected - 
Part s/Dpti c s  Inspected b = Regression Coefficient 

Figure 6-1.1 Percentage of Pnrts /Opt ics  Defective 
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. - 
SLP OCT N O V  D E C  JAN FE0 MAR APR MAY JUN JUL AUO SLP O C T  N O V  D t C  JAN I E b  MAR APR MAY 4UN 

+ I 9 6 4  1968 ' 1 ' - - -  I O U 8  --q 

MONTHLY P LOT w11a811L"811@11111* LI NEAR TI' END 

Percent Assembl ie s  Defective = PAD 

Assemblies Rejected 
PAD = Assemblies Inspected 

Linear Relationship Y .= a - b x 

a = Y Intercept 

b = Regression Coefficient 

Figure 6-12 Percentage of Assemblies Defective 



TABLE 6-27 

In House Material Review A c t i o n  

COMMAND MODULE/LM 

T o t a l  FBA's x 100% 
FBA = T o t a l  I n s p e c t i o n s  

1 

FBA 
Percentage 

1 4  
1 

- 6 0  

- 6 %  

-' 

Month 

F i r s t  

P e r i o d  

Second 

Period 

T h i r d  

P e r i o d  

I n s p e c t i o n s  Formal Board A c t i o n s  
T o t a l  

34592 

13880 

10867  

Assembly  

6 2 9 7  

5880 

5606  

Shop 

28295 

800C 

5 2 6 1  

T o t a l  

5 1  

8 3  

6 2  

C/M 

46 

75 

54  

LM 

5 

8 

8 
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MONTHLY PLOT 

b l W 6 4  *-, 1W66 ,-------+- dB66 '-4 

---.I---.I... LINEAR TREND 

Percent Assemblies= $ 
Ref erred  to MRB 

Third 

5 4  

10867  

8 = Formal Board Actions 
Assemblies Inspected 

Second - 
75 

13880  

5 8  80 

. 6 0  

Formal Board ~ c t i o n s  

Total FBA Pieces 

Assemblies Inspected 

Percent MRB 

Linear Relat ionship  Y = a -b x 

F i r s t  

46 

34592 

6 2 9 7  

.14 

a = Y Intercept  

b = Regression C o e f f i c i e n t  

Figure 6-13  CM/LM Material Review A c t i v i t y  Trend (In-House Assemblies) 
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Figure 6- 14. CM/LEM Material Review Corrective Action 
(In-House Assemblies) 
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TABLE 6-28 (m 1 of 5) 

In-House Fabrication Problems Resolved 

COMMAND MoDULE/LUNAR EXCURSION MODULE 

CORRECTIVE ACTION 

Perpendicularity requirements have 
been imposed by KIC in the internal 
method sheets and inspection proced- 
ures. 

k=IC prepared proposal to MIT/IL for 
design change to allow KIC adjustment 
of star tracker sensitivity by art ex- 
ternal select resistor. 

KIC has submittc 1 a counterweight 
design propssl  lo &ILT/IL a s  an 
efficient economical, permanent flx. 
A s  of 20 Sept. 196s, a verbal approval 
had been granted and a TDRR is being 
initiated by MIT/IL. 

PROBLEM 

Excessive strain on the photomultiplier 
tube assembly. 

Signal gradient for a +l. 0 magrdtude 
star exceeds specified limits due to 
incompatibility between test and pro- 
curement specifications. 

8 - 
:'exunt head shift observed after 
vibration testi~rg of AGE 121. . 

-- 

CAUSE 

Strain resulted from an out-of per- 
pendicuhrity condition between the 
photometer head electronics module 
and the photomultiplier housing. 
MIT/IL had removed the perpen- 
dicularity requirements from the 
.module drawing. 

-- -- 

1. Star tracker design requirements 
allow 5 to 1 change in tracker 
sensitivity. 

2. Procurement specification 
allows for only 3 to 1 change in 
sensitivity. 

3. Design requirements do not 
allow for KIC adjustment of 
Star Tracker sensitivity. 

Unbalanced condition of sextant head 
due to tracker electronic module 
packaging configuration. 
Analysis revealed unbalance of 10 oz. 
at 4 in. from SXT head center (40 oz. 
in. ), which could cause oscillation 
during random vibration. 



TABLE 6-28 (Poge 2 d 5) 
In-House Fabrication Problems F~solved 

COMMAND MoDuLE/LUNAR EXCURSION MODULE 

PROBLEM 

Random out-of-control points in 
daily welding machine qualification 
tests. 

Scanning telescope TDA and SDA 
counter shades damaged during test. 

-- ----- ---- - - - 
CAUSE 

Poor repeatability between thz three 
Raytheon calibrators and within the 
same calibrator using three probes. 

Camter shades bent due to the im- 
pact force at the slewing stop. The 
force transmitted affected amealed 
stainless steel shade. 

- 
CORRECTIVE ACTION 

1. One calibrator that could not be 
calibrated by Raytheon, was re- 
placed durir ,~ KIC visit to Raythem 
facility. 

2. Purchase order issued to Raytheon 
for retrofitting our oldest cali- 
brator for compatibility with other 
two. 

3. Coordimted effort with engineering 
to investigate increase of frequency 
of calibratim. 

4. Quality Control and Test Engineer- 
ing personnel visited AC Electronics 
7 and 8 Sept. 1965 to discuss the 
problem. 

5. Control points now within specifi- 
cation. 

Stress analysis of shade rebealed in- 
capability of material to withstand high 
velocity shock. "Pipe -linew change of 
material to half-hard beryllium copper 
has been approved. 



TABLE 6-28 (M 3 02 5) 
In-House Fabrication Problems R e s o l d  

COMMAND MODULE/LUNAR EXCURSION MODULE 

PROBLSM I CAUSE I CORRECTIVE ACTEON 

Test of AGE 121 disclosed that JDQ's 
03125 and 03023 could not be run 
without deviating from the procedure. 

This was the first use of these JDQ's 
on a prime system and test aquip- 
ment. Major problems were: 
1. Photometer a d  tracker APTF 

mirror reflectivity coefficients 
require redefinition. 

2. More specific method required 
to describe star magnitudes. 

1. Quahty Cmtrol engineers directed 
testing on "round-the-clbck" basis 
for evaluation purpose. 

2. Procedures debugged, resulting 
in significant reduction in test 
time. 

3. JDQ's being revised. 

- 

Syri~g washer (PN 2011944) punc- 
tured in two places. Discrepancy 
found when reticle of AGE 121 was 
removed to correct focus problem. 

Work screws used for removal of 
reticle were turned down too far.. 
Through the reticle and into washer. 

Quality Control dirolrted the use of 
screws made with a specific num'ber 
of threads and identified for use  with 
the reticle remova: tool. 

Pailuse of LEM-AOT Assembly to 
meet required diopter range +2 to -2 
diopters during Learner Model 
acceptance test. 

SXT and Kollmor~zn rerlcbs were 
superimposed during OUA alignment 
test. 

Design inadequacy in lever focusing 
gr mve. 

MIT/IL has been reqdested to institute 
a reduction from the presently required 
(+2 to -2) diopter specification to 
(+I. 7 to -1.7) diopters. (Ref. TIiXR 

KoUmorgen reticle is centered at The SXT reticle readings are now 
5 ft. Oin. Hand 5 ft. 0 in. V. Pro- taken using H a d  V Kolhorgen 
cedure called for SXT reticle correction factors. 
measurementz to be taken J h ' s  revised. 
5 It. H and V Kollmorgen coordinates 



TABLE 6-28 (P11~ I of 5) 
h -House Fabrication Problems Resolved 

COMMAND MODULE/LUNAH EXCURSION MODUIS 

PROBLGM 

Increase in rejection of soldered 
joints 

fault. 

CAiJSE 

Major causes are "insufficient solder"Visua1 
and "excessive solder. " Approx- 
imately 75 percent of rejects are of 
these types. 
A variation from insufficient-to- 
excessive-to-insufficient was appar- 
ent. Over correction seemed to be a 

CORRECTIVE ACTION 

aids procured in form of sample 
solder connections as prepared by 
N-4SA follow -up investigation of 
inspection and operations p e r s o ~ e l  
as to performance and retraining 
~ecessity . 



TABLE 6-28 (hge  5 of 5) 

In-House Fabrication Problems Resolved 

COMMAND MoDULE/LUNAR EXCURSION hXODULE 

PROBLEM I CAUSE 

~- ~p 

I CORRECTIVE ACTION 

Optical Base inserts, PN 2011631 
damaged during assembly causing 
interference with mating screws. 

Damaged bulkhead connector pins 
(Plug J1 201 1799 and 201 1798) 
necessitating disassembly and re- 
work. 

Present desigu does not ensure se- 
cure seating ol the oblective 1er.s. 

Inadequate depth of thread and ex- 
cessive wear on tooling permitted 
mushrooming of locking tangs 
causing interference with mating 
screws. 

Many installations and removals 
of test harness connectors are 
made during the course of Manu- 
facturing and Test. Misalignment 
or operator error can result in 
damage to the unit connectors. 

Combination air cushion effect 
aggravated by resilie~~cy of the "0' 11- 

I ring. I 

Advacsed E C 0  No. 1 13757 was 
processp.1 tr; increase the counter 
drlii d ~ ,  . I .  

Ne-.v ii~sr~rlla!iori tool with improved 
wear characteristic now in use by 
assern bly . 

Intermediate working connectors 
w i l l  be used throughout 3Xanufac- 
turing and Test and will be re- 
moved after conpletian of system 
operations test. 

Interim action includes revised 
assembly techniques iml additional 
test= tu preclude recurrence. 
Recommencled design change is in 
preparatiorr by KIC for submittal 
to AIIT/IL. 
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6.4.9 Audi ts  

QUALITY CONTROL AUDITS - T h i s  s e c t i o n  p rov ides  a d e t a i l e d  
breakaown of  t h e  a u d i t i n g  x c t i v i  t ies conducted dur ing  t h e  r e p o r t i n g  
seriod. 

ANALYSES - T a b l e  6-29 -Future  i n d o c u t r i n a l i o n  and a p p l i c a b l e  
r e o r i e n t a t i o n  o u t l i n e s  have been r e v i s e d  t o  i n c l u d e  g r e a t e r  emphasis 
on t h e  p r ecau t i ons  r equ i r ed  by personnel  working i n  restricted 
areas. 

Taole 6-30 - M i s i n t e r p r e t a t i o n  o f  t h e  procedure r e s u l t e d  i n  
t he  a p p l i c a t i o n  of t h e  "Maintenance Only" labels t o  equipments whi ch 
are n o t  used t o  ti a i r  f u l l  c a p a b i l i t i e s .  Procedures  r e f e r enc ing  
such equipments r e f l e c t  use l i m i t a t i o n s .  The equipment records 
s h a l l  be r e v i s e d  as necessary.  

T b l e  6-31 - k review of  t h e  a p p l i c a b l e  records i n d i c a t e s  t h a t  
t h e  d i sc repancy  w a s  of an  isolated n a t u r e  r e q u i r i n g  no ad ,d i t iona l  
measures a t  t h i s  t i m e .  

Table 6-32 - A procedure change was immediately e f f e c t e d .  

Table 6-33 - Due t o  a temporary sho r t age  of personnel ,  t h e  
" ~ n - ~ ~ i p "  file was maintained by inexper ienced  pe r sonne l  who have 
rslince become thoroughly f a m i l i a r  w i t h  t h e  system. 

Table 6-34 - Since  t h e  i x r s t i t u t i o n  o f  I n spec t i on  Department 
review of  MRR's t h e r e  have been no r ecu r r ences  o f  d i s c r epanc i e s  o f  
t h i s  na tu r e .  

Table 6-35 - A check of  ou t s t and ing  p r i n t s  i n d i c a t e d  t h a t  a l l  
had been i s s u e d  wi th  t h e  a p p l i c a b l e  ECO1s.  N o  f u r t h e r  a c t i o n  is  
cons idered  necessa ry  a t  t h i s  t i m e .  

QUALITY CONTROL AUDITS PREVENTIVE ACTION PROGPiESS REPORTS 

I n  many i n s t a n c e s  a Q u a l i t y  Con t ro l  Audi t  r e s u l t s  i n  immediate 
c o r r e c t i o n  of  t h e  observed d iscrepancy,  and an i n v e s t i g a t i o n  t o  
determine p r even t ive  measures. 

I n  t h e  e v e n t  P reven t ive  Act ion r e q u e s t s  are genera ted ,  i n t e r i m  
measures are immediately e f f e c t e d .  I n t e r i m  measures c o n s i s t  of 
t h e  fo l lowing : 

a. Immediiite c o r r e c t i o n  of t h e  obsexved discrepancy.  

b. I n s t i t u t i o n  o f  temporary measures which w i l l  immediately 
detect and correct a l l  r ecur rences .  
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k d  

c. I n v e s t i g a t i o n  of  measures which ,  when i n s t i t u t e d ,  w i l l  
p r e c l u d e  r e c u r r e n c e  of  t h e  type  of di .screpancy observed.  

d.  Implementat ion of  p r e v e n t i v e  measures r e s u l t i n g  from "c* 
above. 

The s t a t u s  of a l l  i n v e s t i g a t i o n s  - n i t i a t e d  arior t o  t h e  p e r i o d  
covered  by t h i s  r e p o r t  i s  now complete.  

TABLE 6-20 

CONTROL OF AREAS LIMITED TO AUTHORIZED PERSONNEL 
(Authority: NPC 200-2) 

The apecial white coats for exclusive use in areae limited to authorized 
personnel are being worn elsewhere in the plant. 

Preventive Action Takel, to Preclude Recurrence 

Personnel have Lsen reinstructed to hang the subject coats on the rack 
provided for that pur* ose before leaving the area. 

STATUS: COMPLETE 



KOLLSMAN INSTRUMENT CORPORATION 

TABLE 6-30 

E IZCTRIC AL STANDARDS LABORATORY AUDIT 
(Authority: NPC 200-2, MIL-Q-9858A. KIC SPI 8801) 

Records for test equipments which a re  not required to be used to their 
full capabilities do not indicate ilre reason for such exemption and the period 
d llme and type of usage for which such exemption Ls applicable. 

Preventive Action 'Taker, to Preclude Recurrence - 
A mtudy of all limited-use equipment has been undertaken. A s  considered 

necessary by the study, the records of the subject equipment8 shall be ro - 
v l d  

STATUS: COMPLETE 

TABLE 6-31 

PLATXNG AND FINISHING FACILITY AUDIT 
(Authority: NPC 200-2, MIL-Q-Q858A, KlC SPI 8801) 

Discrepancy 

The ammeter on the anodizing solution control panel req~sl~res a main- 
tenance check orrly; however, fhe required adhesive label (indicating 
"MaIntenance Check Only'') was not in evidence. 

Immediate Action Taken 

An examination of the ammeter's records indicated that thk maintenance 
check; had, in fact, been performed. The applicable label was then affixed 
to the meter. 

Preventive Action Taken to Preclude Recurrence 

Personnel were admonished to adhere to all operating procedures. 
Adherence to these procedures is, mandatory according to KIC policy. 

STATUS: COMPLETE 
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TABLE 6-32 

RAW MATERIALS STOCKROOM AUDIT 
(Authority: NPC 20-2 ,  KIC QCI No. 's 5SQ-004, 5SQ-006, KIC SPI 7369A) 

Some r a w  rrraterial was identif led with an adhesive label containing per - 
tinrnt information, The mater iaA itscll was not marked. 

Preventive Action Take11 to Preclude Recurrence 
' 

ACI No. 584-006 was amended by Change Notice No. 1 to allow identili- 
cation of raw material with adhesive labels containing pertinent information. 

STATUS: COMPLETE 

TABLE 6-33 

FAILURE DATA FEEDBACK SYSTEM AUDIT 
(Authority: ?:PC 203-2, KIC ARP-3, KIC QCI 056-001) 

r)iscrepancy - 
"In-Slip" No. 243449, for module P N  2007024, GN 2 was misfiled. 

Immediate Action Taken 

The files were completely reexamined for misfiled "In-Slipsu; however, 
none we.-e found. 

Preventive Action Taken to Preclude Recurrence 

Personnel were cautioned to exercise additional care in the performance 
of their dcties. The discrepancy was an isolated instance requirrng :lo 
additional measures at this time. 

STAT US : COMPLETE 
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TABLE 6-34 

MATERIAL REVIEW BOARD A*UDIT 
(Authority: NPC 200-2, KIC QC1 8SQ-002) 

Dtrcrepancy 

Two Requests for Material Revlew contained the quintlty 14 previous 
Hequerts rather than the Request serial numbers. 

, lmmsdlate Action Taken 

Tho serial number8 of the previow Material Review Requeets were 
entered . 
Praventive Action I'aken to Preclude Recurrence 

The discrepancy occurred prior to the institution of MRR seview by Ole 
hrpectic#r Department (re: Table 5-111-6, Quarterly Summary Report of 
Audit Activities tor the third quarter 1065). No further action is required 
8t OIL8 time. 

TABLE 6-95 

DRAWING CHANGE CONTROL AUDIT 
(Authority: NPC 200-2, K C  QCI 259-001) 

Discrepancy 

A copy of the outstanding Engineering Chang . Order was not delivered 
with the copy of the print when the latter was requested. 

Prcventlve Action Taken to Preclude Recurrence 

Personnel were cautioned to examine the Zngineering Change Order file 
for outstanding ECO's prior to issuing any print. 

STATUS: COMPUTE 
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6.5 S W R Y  OF YEAR ENDING 3 1  DECEMBER 1966 

6 . 5 1  Management 

The c rgan i  za t i on  s t r u c t u r e  of t h e  Apollo/LM Program Q u a l i t y  
Assurance Sec t ion  wi th in  t h e  Product Assurance Department is shown 
i n  Figure 6-15. T h i s  i s  a f u r t h e r  ref inement  of t h e  funct ibns  that 
word e e t  up i n  1965, 

I Figure 6-16 lists t h e  number o f  persannal  i n  Apol.lo/LM Pro- 
duct: Asrurance du r ing  t h i s  r epo r t i ng  per iod ,  

6.5.2 Accomp li s hmer ts 

The Qua l i t y  Contro l  Plan (Volume I) and t h e  Q u a l i t y  Control  
Procedure (volume 11) , were reviewed, j o i n t l y  by AC E lec t ron i c s  
and Kollsman, r e v i s e d  and r e l ea sed  as p e r  TDK-3230. 

Product Assurance i n i t i a t e d  a d e f e c t  a n a l y s i s  committee to 
review on a weekly schedule  a l l  d e f e c t s  a t t r i b u t e d  t o  workmanship. 
These d e f e c t s  were r e f e r r e d  by t h e  Material Review Board (MRB) and 
from t h e  Proce8s ControP funct ion.  

The Defect  Analysis  colnmi ttee c o n s i s t e d  of t h e  fol lowing 
members : 

a. Permanent Assignment 

Chairman, Q u a l i t y  Control  
Manufacturing Management 
Manufacturing Fngineering 
In spec t ion  

b. Consul tant  B a s i s  

Reliability Engineering 
Project Engineering. 

Cor rec t ive  a c t i o n  would be i n i t i a t e d  by t h e  committee i n  the 
fol lowing c l a s s i f i e d  "cause f o r  reject" category:  

De f i c i en t  Procedure 
Inadequate Tooling 
Fau l ty  Inspec t ion  
Crit ical  Design 
Operator  Workmanship 

Figure  6-17 and 6-18 i l l u s t r a t e s  fou r  o i  the process  c o n t r o l  I 

c h a r t s  mainta ined by QC for t r end  a n a l y s i s  and c o r r e c t i v e  action ii 

implementation. w a  



PRODUCT ASSURANCE I SPACE DIVlSION / 

Figure 6-15. Product Assurance Functional Organization 
for Apdlo/LEM Programs 
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Figure 6-16. Manpower Status 
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Cll Afl'T KO. I 
POTI'lldG C PAlt.!TflJG 
PROCESS C0;.!'1'ROi. 

Cli!aI;T t!0.% 
I . lAN 1) S O L C L P l I l G  
PROCESS C0;:' l ' l tOl.  

Figure 6-17. (Page 1 of 2)  Process Control 
(Computed on 3-week moving average) 
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Figure 6-17. (Page 2 of 2 )  Process Control 
(Computed on 3-week moving average) 

6-98 
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T H l f ? ~ 6 ~ A R T E R  FOtJRTH QUARTER 1 - .-- -D 

1966 

CHART NO. I 
POTTING 6 PAltJTlNG 
PROCESS CONTROL 

CHART NO. 2 
HAND SOLDERING 
PROCESS CONTROL 

THIRD QUARTER + FOUR;;~;ARTER 4 1- 106 6 

Figure 6-18. Process Control Chart (Sheet 1 of 2)  
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95 

10 CHART N0.3 
WIRING PROCESS 

I I CONTROL 

I 
9 5  - 

I CHART N0.4 

I COMPONENT PART 

I INSTALLATION PROCESS 
CONTROL 

I 

I- THI;;~;ARTER 4 FOURTH QUARTER 4 - 
1 9 6 6 -  

Figure 6-18. Process Control Chart (Sheet 2 of 2)  
6-100 



KOLLSMAN INSTRUMENT CORPORATION 

6.5.3 Mot iva t ion  

The Product  Assurance Department i n i t i a t e d  a Q u a l i t y  Cont ro l  
I n s t r u c t i o n  (QCI )  r e o r i e n t a t i o n  program to  a c q u a i n t  a l l  l i n e  and 
s u p e r v i s o r y  pe r sonne l  w i t h  t h e  o v e r a l l  requi rement3  o f  t h e  Apallo/ 
LEM Q u a l i t y  C o n t r o l  Manual. The program s e s s i o n s  were h e l d  on a 
weekly b a s i s  for a p e r i o d  o f  1 3  weeks. 

QCI s u b j e c t s  t r e a t e d  dur ing  t h i s  program inc luded :  

Change Con t ro l  
Drawing and S p e c i f i c a t i o n  Review, 

Product  Assurance also conducted l e c t u r e s  and p r a c t i c a l  de- 
mons t ra t ions  p e r t a i n i n g  to  s u r f a c e  q u a l i t y  of o p t i c a l  e lements .  
The l e c t u r e s  e n t i t l e d  "Surf ace Q u a l i t y  of Opt ical  Elements " , and 
"Handling and Care o f  Opt ical  Elements",  were a t t e n d e d  by a l l  l i n e  
and s u p e r v i s o r y  pe r sonne l  a s s o c i a t e d  w i t h  t h e  hand l ing  of Apollo/ 
IIEM optical compcnents . 

Product  Assurance con t inued  t h e  c e r t i f i c a t i o n  o f  Apollo/LEM 
personne l  i n  the v a r i o u s  s k i l l s  l i s t e d  below: 

Welding 
S o l d e r i n g  6 Crimping 
P o t t i n g  
P l a t i n g  
Heat Treatment 
Xyglo 
Loctite Appl i ca t ion  
Clean Room Procedures  

6.5.4 Procurement 

F i g u r e  6-19 shows a f a v o r a b l e  decrease i n  t h e  l i n e a r  t r e n d  
l i n e  r e l a t i v e  to  p e r c e n t  procured  material shipments  c o n t a i n i n g  
nonconforming material. O f  We 18601 p a r t s  compris ing the 782 
shipmentv r e c e i v e d  d u r i n g  t h e  r e p o r t i n g  period, o n l y  291 p a r t s  
w e r e  r e q u i r e d  to  be processed  by the Material Review Board a s  4 8  
Formal Board Act ions ,  

A to ta l  of 11 areas were a u d i t e d ,  i n c l u d i n g  52 i n d i v i d u a l  
auGi t s  f o r  an o v e r a l l  a u d i t  conformance rate o f  88 p e r c e n t  d u r i n g  
the q u a r t e r .  An i n c r e a s e  i n  the overall p e r c e n t  conformance rate 
was n o t e d  o v e r  a 12-month period ending  i n  the f irst  q u a r t e r  of 
1966. The s t a t u s  o f  a l l  i n v e s t i g a t i o n s  r e l a t i v e  to nonconformiinces 
i n i t i a t e d  prior to  t h e  p e r i o d  covered by f-.is r e p o r t  w a s  completed. 



hlONTHLY PLOT 

% Shipments Containing 
Nonconfor mances .= PSCN 

PSCY = 
Shipments Nonconformance 
Shipnlents Received x 100% 

* Y e a r  - -- Quarter  ---- % Trend --- 

1965 1 st X6 = 56.7 
2nd . S 9  = 40.8 
3rd X12= 26.7 
4th 

. 
XI5 = 29.0 

Linear Rehtionship Y = a - b x 0 
;D * 

a = Y Intercept 
z 

b = Regress i cn  Coefficient 

Year End of Quarter 0 /, Trend - 

Figure 6-19. Procured Material (Shipment) Nonconformance Trend 
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S u p p l i e r  a c t i v i t i e s  showed a c o n t i n u i n g  i n c r e a s e  i n  t h e  
number o f  s u p p l i e r s  i n  t h e  100-84 p e r c e n t  Q u a l i t y  Rat ing ,  ca tegory  
A,  and a marked decrease i n  the number o f  s u p p l i e r s  i n  t h e  40-0 
p e r c e n t  Q u a l i t y  Ra t ing ,  ca t egory  C. A g r a d u a l  i n c r e a s e  i n  t h e  
number o f  s u p p l i e r s  i n  t h e  84-40 p e r c e n t  Q u a l i t y  Rat ing ,  ca t egory  
B,  was also a p p a r e n t .  

PROCUREMENT PROBLEM AREAS 

Tab le  6-36 lists procurement problem areas, t h e i r  cause  and 
s t a t u s  dur ing  t h e  r e p o r t i n g  p e r i o d ,  

Tab le  6-37 lists procurement problems r e s o l v e d ,  t h e i r  cause  
and c o r r e c t i v e  a c t i o n  taken  d u r i n g  the r e p o r t i n g  period, 

PURCHASE REQUISITIONS AND ORDERS, The purchase  r e q u i s i t i o n s  
p rocessed  by Q u a l i t y  Cont ro l  d u r i n g  t h e  r e p o r t i n g  p e r i o d  t o t a l e d  
552. Purchase  o r d e r s  reviewed and r e l e a s e d  by QC t o t a l e d  416 
d u r i n g  t h e  r e p o r t i n g  pe r iod .  W o  major d i s c r e p a n c i e s  were detected 
i n  p rocess ing  the Command Module procurement documentat ion,  A 
summary o f  t h e  problexn/cause/corrective a c t i o n  is o u c l i n e d  i n  Table  
6-38. 

SUPPLIER PERFORMANCE RATING. Each s u p p l i e r  o f  Apol lo  material 
t o  Kollsman r e c e i v e d  a q u a l i t y  r a t i n g  based on  t h e  to ta l  p a s t  per-  
formance i n p u t ,  The r a t i n g  i s  based on t h e  formula:  

Of arts defsctivz x 100 p e r c e n t  = Q u a l i t y  Performance 
leoO - NO. o f  ;arts i n s p e c t e  Rat ing  expressed  as 

p e r c e n t  of p a r t s  
accep tab le .  

C a t e g o r i e s  B and C of t h e  Q u a l i t y  Rat ing  of each low-rated 
s u p p l i e r  are made a v a i l a b l e  on a monthly basis m t h e  S u p p l i e r  
C o n t r ~ l  Group of Q u a l i t y  Cont ro l  for a n a l y s i s  and c o r r e c t i v e  
a c t i o n .  Th i s  e f f o r t  i s  coord ina ted  w i t h   he Purchas ing  Department. 

SUPPLIER ACTIVITIES 

Ac t ive  C o n d i t i o n a l l y  Approved Sc?urces. Table 6-39 d e l i n e a t e s  
i n  d e t a i l  the s t a t u s  o f  a c t i v e  condici-y approved s o u r c e s .  

I n a c t i v e  C o n d i t i o n a l l y  Approved Sources .  Table  6-40 de- 
l i n e a t e s  i n  de t a i l  t h e  s t a t u s  of: i n a c t i v e  c o n d i t i o n a l l y  approved 
s o u r c e s  . 

Q u a l i t y  C o n t r o l  S u p p l i e r  Survey V i s i t s .  Table 6-41 d e l i n e a t e s  
i n  detai l  the s t a t u s  o f  Q u a l i t y  Con t ro l  s u p p l i e r  su rvey  v i s i t s .  



TAB= 6-SO 

PitOCUES3MENT PROBISY ARBAS 

Caarectfre Actian StPhrs for Pirat QIPuter, 1966 

PROBLEM CAUSE 

Chlcago Miniature Lamp Worka 
( k p )  PN 1010493 

100 percent rejection rate for 8uppUer unable to manufacture 
failure to meet SCD viuual lamp to SCD requirements due to 
criteria and workmaaship stoic d the art. 
standards. 

SI'ATW 

1. QC and AC jdnt drawing review 
reeultedin extensive! propo6ed 
drawing changes. 

2. Ihpllcate set d b r i n g s ,  reqned- 
ed by AC, were forwarded by KI 
contracts department ar 19 Fe:l- 
ruary 1966. 



TABU 6-37 (Page 1 of 5) 

FBOCUREMENT PROBLEHS RESOLVED 

PROBLEM I 
RCA (Photomultiplier) PN 1012043 I 

High rejection rate on Photo- 
muUIplier Tubes, due to  defective 
leads. 

C-- I 
HCA (Photomultiplier) P N  101 2043 I 

6 

Supplier is experiencing extreme- 
ly low yield, causing concern for 
possible schedule impact. 

i 

Leads susceptible t o  damage due to 
processing and inspection at RCA 
(kinks, nicks, solder, etc.) 

CAUSE 

Dedgn d units s t i l l  in advanced 
stage -of -the -art stage. 

CORRECTIYE ACTION - 

1. h a d  quality program was sub- 
initted on September 22, 1965, per 
RCA report of September 16, 1965, 
Exhibit No. 5, d was accepted 
by mc. 

2. Acceptance criteria was es tab lsh-  
ed jointly hy RCA and KIC. 

1. RCA institvted proposed changes 
at engineering p r sonne l  level. 

2. Recommended operator training 
program to be a serious considera- 
tion for future procurement. 

3. RCA constantly reviews design 
problems and manufacturing pro- 
cesses with attenchat corrective 
action initiation. 

4. S~hedu le  was completed on October 
1, 1965, problem area resolved. 

5. Montnly presentations were hem 
on September 14, October 14, 
November 18, 1965, and Jarurarp 
6, 1966, witb RCA. Cancellatian 
d electronic tackage terminilted 
future presentations. 
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PROCUREMENT PROBLEMS RESOLVED 

I CORRECTIVE ACTION PROBLEM 

6. Metal to glass seala were 
specified for a brief period 
and then the requirement vaa 
rescinded with M C  concurrence. 

CAUSE -- 

Erie Technological Product8 
(Capacitor) P N  1012041 

1. Lcow yield (15%) by supplier jn 
manufacture d capacitors. 

2. Supplier refusal to continue manu - 
facture of capacitors. 

iustin Instruments, Inc.. 
'N 1322393002 

Procured parts identi fieallon 
od t ted  and variars dimensimal 
ci, viations. 

E lsctrlcal perfor mmce 1ncornptt.i - 
bliity with phya!eal size of 
capacitors. 

- - - - -- - 

Suppller in -hame problem. 

Ccxnpnent part of the cancelled 
electronic package. Drawing chqge 
request M689 derating electrical re- 
quirements suspended u - m  the cur- 
cellation order. 

1. Supplier visited by SoWman on 14 
December 1965, refused to disculrr, 
and/or initiate corrective action. 

2. Supplier subsequently dl qualified 
by Kollsman. 



TABLE 6-31 3 of 5) 
PROCUREMENT PROBMm REX)LVED 

Amerlcan Trme Products 
PN's 1012154, 101 2155 

PROBLEM 

Excessive rejects for solde; chips 
and foreign matter. 

Air  b b t  cleaning procedure not 
adequate to remove flux residue and 
minute particles. 

CAUSE 

Supplier has instituted ultrasonic 
cleaning of parts. 

CORRECTIVE ACTIm 

&mit ~ i i s h i n ~  CQ. [Mirror) 
PN 03386910537 

Machined parts received tram the 
Supplier necessitated continuous 
material review board acti~n. 
Upon receipt at Kollsman material 
atas either damaged, dimensionally 
incorrect or had omitted operation. 

Rejected for deposit thickness I Supplier determined thickness 

Supplier in -house coordinaticn in- 
effective in maintaining acceptable 
quality level 

belowdrawingminimumalthmgh 
Supplier certified thickness as b 
drawing requirement. 

~&thbro precision E%. ~ o r p .  

Supplier to obtain calibrated standard 
for "Beta Scope" to permit actual 
reading of thickness measurement. 

empbrically,whereasKoUman 
mwured thickness utilizing 
.*'Dermitron" thickness checker. 

Supp? disqualified as an approved 
source for machined parts effective 
11 March 1966. Present contract ass 
terminated. 



TABLE 6-31 m e  4 of 5) 

PROCUREblBNT PROBLEMS RESOLVED 

PROBLEM: I CAUSE I CORRECTIVE ACTION 

Clifton Precision Product Co. 
(Resolver) P N  1012065 

Repetitive rejections by Kolleman 
source inspecti on due resolver 
housing mountirig diameter out of 
tolerance. 

Tarqdng of mounting screw by 
Supplier during assembly of stator 
ring affects distribution of material 
resulting in undersize dimension. 

1. CPPC will check diameter for- 
torque displacement at submsemblg 
stage and w i l l  reset screw to 
eliminate condlticn. 100% inspec- 

supplier's effort to removs sharp 
corner after chamfer was machined. 1 

~iarnete; 4.4374 + .0000 onresolver - .a)03- 
component undersize and tapered 
from edge of 
was introduced by CPPC sub-tier 

- 

Potrcbikl AFQAR 

tion at this stage d asse~bly. - 
2. C PPC to contact sub-tier supplier 

on taper condit~on and initiate actloll 
lo 

Fatrehild AFQAR re&rt to NASA/ 
BSC stated that Taylor Electronics 
(Listritutor) has  not been forward- 
ing KIC Purchase Order Quality 
Control requirements to Fairchild. 

Fairchild wculd not accept direct 
procurement for quantities less 
than 1000. 

1. Copies of Purchase Orders submitted 
by Taylor E l e c t r d c s  adequately 
defined Quality Control require - 
ments and were forwarded to 
Fairchild. 

2. MC and AC Electronics jdatly 
visited Fairchild as scheduled a d  
initiated corrective action 9s d- 
lined in  paragra* l above. 



TABLE 8-37 (Pslge 5 of 5) 

PROCUREMENT PROBUMS RESOLVED 

PROBLEM I CAUSE I CQRRECTlVE ACTION 

Pairchild Se'micmductor (Transis- 
tors) P N  1010342, PN 1010352, 
PN 1010431 

1. Traceability requirements CE 
ND 1015404, pragraph 3.3 .8 ,  
nonconformance. 

2. Waivers presently required for 
all usage. 

Disagreement be tween supplier and 
AC/kIC cnr adequacy oI present 
Fairchild controls and expense d 
ND 1015404 requirements. 

Compunents were gar? of the cancelled 
electronic package. Prior to the can- 
cellation order in  the early part of 
January 1966, AC and KIC were tryiag 
to obtain contractual relief other than 
waivers tor the traceability require - 
ments imposed cm this supplier. 

KIC Engineering evaluation resulted 
i n  a drawing change to a more stable 
glass material. 

I. Suppliers could not maintain flat- 
- ess requirements as per drawing. 

2. Drifting out of optical speciiica- 

Glass used had inherent unstable 
workirrg characteristics and could 
not be etabillzed. 



TABLE 8-38 (Page 1 of 2) 

Roblern/Coirrective Action Status Y 

IKAJOR 
DISCRE PANCY PROBLEM 

- - 

CORRECTIVE ACTION 

During the procurement document review 
and verification of the latest ND documents 
revision letters, it was disclosed that ND 
1002251 was nonexistent. This document 
is referenced as follows: 

P N  1010838 " A ~ ~ e s i v e  pressure sengi- 
tive ailicon. " 
Requirements 3C 

Spacecraft Crew Compartments 

I. Material compatibility. Only these 
materials/composi~ons/compoeites 
found to be nontoxic and nonflammable 
when tested as specified in ND 1002251 
and ND 1002252 shall  be approved for  
use in  spacecraft crew compartments. 

Apollo Production Control used an obsolete 
Purchase Order (PO) with similar P N  
identificatim to determine current config- 
uration requirements instead of the api 
proved procedure of referring to the latest 
applicable drawing. As it later developed, 
the subject PO had amendments c-hanging 
the glass requirements. Procurement 

MIT/'IL (R. Seversen) was n-ed ol 
this discrepancy through Kolbman'e 
Documentation Department. Xollsman 
is awaiting MIT/IL reply. In the . 
interim period procuxement is continu- 
ing as per Requiremeats 3C to ND 
1002252 only. 

Apollc Production Control Supenisom 
reemphasized to their orderlng per- 
sonnel that the drawing is the only 
authorized document to be used in  
ordering raw materials. 



TABLE 6-38 3 oJt 2) 

Problem/Co~vs Action Strtur 

documente in error are lsted below: 

Pupchase Requisiticm No. 47453 
PN 2011862 - type gl-8 SF-8 889312 
rrpd SF-8 

Purchase Requisition No. 21019 
PN 2011664 a d  201174 - tppe g b a  
LAK-8, F-5 and 603-380. 



TABLE 8-39 

DETAILED STATUS OF 
ACTIVE CONDITIONALLY APPROVED SQURCELI 

Supplt er  
Statue d 

Corrective Action - 
Put 
' o p e  

- F'inal 
Dieposition 

Supplier on wls*n- 
sion 3 -1 -66. Refer - 
ence memo QC -6-91 

Semi -conductor is 
part of dfscontlnued 
electronic package. 
No further require - 
ments. 

H a o n  Tool and 
M e  
Newark, N. J. 

FairchlM Semi - 
conduct or 
Mountain View, 
CaZ. 

Dated 
Ccmditlonal 
A P W W ~  Problem 

SCee t metal 
fabrication cans, 
shlelds stamp- 
ings 

Semi -cond. 

7 -20 -65 

10-5 -65 

Unacceptable 
QC Plan. 

. 
Inadequate 
Tmeabil i ty  
Proc. 

Submission of QC 
manual and plan. 
Supplement Material 
Control Specification. 



Hicltsville, New 
York 

Boxton Bee1 
Brooklyn, New 
York 

Optic8 2-St15 

Plan. 

Inadequate QC 
Pb. 

No procurement. None required. 



TABLE 6-41 (Poge 1 of 2) 

9uAm CONTROL SUPPIIER SURVEY VISITS 

Ultranix Grand Junction, C a l i l o r d a  10 January 1966 

Warnow Ink Products h a  Angeles, California 12 January 1966 

mane Plaetlcs, Inc. b s  Angeles, California 13 Jacuary 1966 

Long Lck (Eastern) Csulstadt, New J e r s e y  19 January 1966 

Me talc raf t Garden City, New York 25 January 1966 

Triangle Instrument Co. Syosset, New York 26 January 1966 

D. 'U. Mann Co. ~urlingt&, Massachusetis 27 January 1966 

lnrben Mfg., Co. Oceanside, New York 27 January 1966 

IMC Magnetics Maywood, California 8 February 1966 

Qut ronics Union City, New J e r s e y  16 February 1966 

Hward Castings Chicago, Illlnois 23 February 1966 

Wallace Truebore Patterson, New J e r s e y  7 March 1966 

ld~P-on Carp. Broc kton, Massachusetts 8 March 1966 

Astronautic I d .  Marlbmo, Massachueetts 8 March 1966 

Techcraft Naahua, New Hampshire 9 March 1966 

Riverside Plastics Hicksvllle, New York 10 Mar& 1966 



TABLE 8-41 (Page 2 of 2) 

QUALITY CONTROL SUPPLIER SURVEY VISITS 

-- 
SUPPLIER ADiIRESS 

RESURVEY 

Atlas Pattern and Model Brooklyn, New York 

Eastern Heat Treat Glen Cove, New York 

Summit Finishing Thomaston, Connecticut 
Island Precision Farmingdale, New York 

DATE OF V B I ~  

13 January 1966 

17 January 1966 

21 January 1966 

21 January 1966 

I 
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Q u a l i t y  C o n t r o l  S u p p l i e r  S u r v e i l l a n c e  V i s i t s .  Table 6-42 
d e l i n e a t e s  i n  de ta i l  the s t a t u s  of Q u a l i t y  Con t ro l  s u p p l i e r  su r -  
v e i l l a n c e  v i s i t s  . 

u a l i t y  C o n t r o l  Sup l i e r  S u r v e i l l a n c e  and Nego t i a t ion .  Table 
elineates in detai the s t a t u s  of Q u a l i t y  Con t ro l  s u p p l i e r  

s u r v e i l l a n c e  and n e g o t i a t i o n  v i s i t s .  

In-house Conferences  w i t h  S u p p l i e r s .  Table 6-44 d e l i n e a t e s  
i n  de t a i l  the s t a t u s  of in-house c o n t e r e n c e s  with s u p p l i e r s  a t  
Kol lsman . 

ND 1015404 IMPLEMENTATXON STATUS. Tables 6-45, 6-46 i n d i c a t e  
implementa t ion  s t s t u s  o f  ND 1015404. 



TABLE 8-42 

QUALITY CONTROL SUPPLIER SURVEILLANCE VISITS 

SUPPLIER 

Sanders Associates 

RC A 

Flex Circuits 

Sanders Associates 

Speedring Corporation 

Pioneer A s t  ro 

Clifton Precision Products 

Hydro Electronics 

Standard Plastics 

B. G. Instruments 

Flexible Circuits 

American Beryllium 

Braun Tool and Instrument 

Solve r e  

Clifton Precision Products 

Parker  Seal (Western Div. ) 

Solvere 

ADDRESS 

Nashua, New Hampshire 

Isncaster ,  Pennsylvania 

Hatboro, Pennsylvania 

Nashua, New Hampshire 

Warren, Michigan 

Chicago, Illinois 

Clifton Heights, Pennsylvania 

Baldwin, New York 

Fogelsville, Pennsylvania 

Corom, New York 

Hatboro, Permsylvania 

Sarasota, Florida 

Hawthorne, New Jersey 

Santa Ana, California 

Clifton Heights, Pennsylvania 

Culver City, California 

Sanla Ana, California 

- - 

DATE OF WIT 

20 December 1965 

6 January 1966 

13 January 1966 

14 January 1966 

24 January 1966 

25 January 1966 

25 January 1966 

3 February 1966 

4 February 1966 

7 February 1966 

10 February 1966 

24 Febriary 1966 

1 March 1966 

1 March 1966 

1 March 1966 

3 March 1966 

15 March 1966 

t-' 
w 
4 



QUALlTY CONFROL SUPPLIER SURVEILLANCE A N D  NEGOTIATION VBI l 3  

Beryllium Mfg. Co. 

- - 

Creskill Stillman 

Metals and Controls Co. 

Solvere 

SUPPLIER 

lnduetrial Tectonicr- 

B. G. Instrument 

Astro Gear 

1 Valley Stream, New York 

ADDRESS 

Comptoa, California 

Corona, New Yo* 

Englewood, New Jersey 

A tt leboro, Massact~usetts 

Santa Ana, California 

DATE OF VlSlT 

11 January 1966 

12 January 1966 

14 January 1966 

24 January 1966 

2 February 1966 

9 February 1966 

2 March 1966 



TABLE 8 4 4  

IN-HOUSE COaWERENCES W H  SUPPLIERS AT KOLLSMAN 

- 
1 

SUPPLIER ADDRESS -- 
L and R Stamping Farmingdale, New York 

Athbro Precision Stu rbridge, Massachusetts 

Clifton Precision Products Clifton Heights, Pennsylvania 

Athbrr, Precision Sturbr idge, Massachusetts 

Atlaa Pattern Brooklyn, New York - 
Athbro Precision Sturbridge, Massachusetts 

S .riders Associates Nashua, New Hampshire 

Kinney Vacuum Pennsauken, New Jersey 

Customatic damford, Connecticut 

DATEOFCOWERENCE 

16 December 1965 

3 January 1966 

12 January 1966 

7 February 1966 

11 February 1966 

15 February 1966 

15 February 1966 

15 February 1966 

15 February 1968 



TABLE 6-45 

IUD 1015101 Claee I and I1 Suppliers 

Requirements 

Inspection Plane Required 

Approved 
In hocess 

Traceability Plans Required 

Appored 
In Process 

Critical Process Agreements 
Required 

Approved 
In Process 

STATUS 
Fourth Quarter 1965 

15 Oct. 15 Nov. 15 Dec. 

81 81 84 

63 66 70 

18 15 14 

79 79 82 

69 70 73 

10 9 9 

158 162 162 

149 152 154 

9 10 8 

First Quarter 1966 
15 Mar. 

84 

79 

5 

82 

78 

4 

162 

15 Jan. 

84 

74 

10 

82 

76 

6 

162 
I 

15 Feb. 

84 

79 

5 

82 

7 8 

4 

162 

156 

6 

159 
I 

160 

3 2 



TABLE 6-46 

ND 1015401 CRFI'ICAL PROCESS LISTS REQUIRED 

*Not a requirement of drawing (ND 1015404 Clam I1 imposed by Kolbman Quality Control) 

Status End of First  Quarter 1966 
- - 

Critical process list being drafted 
by supplier and KX 

- 
Completed 2-26-66. 

Not required by AC Electronics and 
KI - will  be removed from QSL 
IUD 1002031 within 30 days. 

Supplier - 
Aetro Gear 

Brush Beryllium 

Part Number 
- 
101 1281 

*2011654 
*2& 1655 

*2011228 

Nomenclature 
- 

Differential Gear, Trunn- 
ion 
Drive Gear, Shaft Drive 

Optical Base, Rough Mach. 

Diode Dickson 1012529 
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6 , S . S  Audi t s  

6.5.5.1 Hardware Audi t s  Summary 

In  a d d i t i o n  t o  t h e  p r o c e d u r a l  a u d i t s  o u t l i n e d  i n  t h i s  r e p o r t ,  
a random a u d i t  was conducted on machine shop p a r t s  manufactured by 
t h e  Avionics D i v i s i o n ,  p r i o r  t o  F in i shed  P a r t  Stockroom acceptance  
w i t h i n  t h e  Space Div is ion .  Th i s  c o n t r o l  o p e r a t i o n  pe rmi t s  e f f e c -  

t t i v e  moni tor ing  o f  t h e  Avionic Div i s ion  I n s p e c t i o n  f u n c t i o n  f o r  
t r e n d  a n a l y s i s  and subsequent  c o r r e c t i v e  a c t i o n  implementat ion,  
See  Table  6-47, 

TABLE 6-47 

HARDWARE A U D I T  CONFORMANCE 

6.5.5.2 Q u a l i t y  Con t ro l  Audi t s  

This  s e c t i o n  p r o v i d e s  a d e t a i l e d  breakdown o f  t h e  a u d i t i n g  
a c t i v i t i e s  conducted d u r i n g  t h e  r e p o r t i n g  pe r iod .  

Audi t  Samples 

Q u a n t i t y  Def ec t . ive  

Tota l  C h a r a c t e r i s t i c s  

Defec t ive  C h a r a c t e r i s t i c s  

% D e f e c t i v e  C h a r a c t e r i s t i c s  

A l l  a u d i t s  were performed i n  a c c o r d a i ~ c e  wi th  t h e  Q u a l i t y  
C o n t r o l  I n s t r u c t i o n  N o ,  Q C I  15SQ-001, " Q u a l i t y  C o n t r o l  Audi t  Pro- 
cedure .  " 

r Ilr t 

196f 

Each i n d i v i d u a l  a u d i t  w a s  p r e s e n t e d  i n  d e t a i l e d  t a b u l a r  form. 

TYPE OF AUDITS - Two t y p e s  o f  Audi t s  are p r e s e n t e d :  a s t a n d a r d ,  
I or  r e g u l a r  type  a u d i t ,  and a  g e n e r a l  t y p e  a u d i t ,  

1 
J 

3/3 

184 

0  

1776 

0 

0.0 

1 /3  I 2/3  

28  

1 

1225 

8 

0.65 

82 

1 

1910 

8 

0.42 
- 
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a. A r e g u l a r  t y p e  a u d i t  i s  one which i s  s u b j e c t  t o  g r a d i n g  
i n  t h e  form of a numer i ca l  conformance score, which 
i n d i c a t e s  t h e  p e r c e n t a g e  o f  conformance o f  t h e  a u d i t e d  
area t o  t h e  gove rn ing  r e q u i r e i n e n t s ,  

b. A g e n e r a l  t y p e  a u d i t  i s  one t o  which a n u m e r i c a l  pe r -  
formance r a t i n g  c a n n o t  be a p p i i e d  or t h e  a p p l i c a t i o n  
o f  which would be i m p r a c t i c a l  because  of t h e  n a t u r e  
of t h e  area under  a u d i t .  A s t u d y  t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  c o n v e r t i n g  g e n e r a l  t y p e  a u d i t s  t o  
r e g u l a r  t y p e  a u d i t s  h a s  been completed. As a r e s u l t ,  
t h e  number o f  g e n e r a l  t y p e  a u d i t s  h a s  been  minimized. 
Weighted c h e c k l i s t s  w i l l  be p r e p a r e d  as r e q u i r e d  i n  
order t o  d e t e r m i n e  q u a n t i t a t i v e  e v a l u a t i o n s  o f  con- 
f ormance . 

The f o l l o w i n g  tables (6 -48  t h r o u g h  6-58) are  t h e  r e s u l t  o f  an 
in -house ,  P r o d u c t  Assurance  A u d i t ,  conduc t ed  a t  Kollsman. 

RECEIVING INSPECTION 
( A u t h o r i t y :  NPC 200-2,  QAP 98119, QAP 98550, SPI 8550D) 

Disc repancy  

1, Rece iv ing  I n s p e c t i o n  had an  a d e q u a t e  a r e a  f o r  h a n d l i n g  
r e j e c t e d  material b u t  the  s u b j e c t  area w a s  n o t  p r o p e r l y  
i d e n t i f i e d  as per  p r o c e d u r a l  r e q u i r e m e n t s ,  QAP 981119 
p a r a g r a p h  5.5 .4 .  

2, One D e t r o n i c  p l u g  gage  had n o  v i s i b l e  gage  c o n t r o l  number 
p l a t e  as per SPI 8550D p a r a g r a p h  I11 A-1. 

Immediate A c t i o n  Taken 

1, Material i d e n t . , f i c a t i o n  s i g n  w a s  i n s t a l l e d  i n  t h e  a s s i g n e d  
l o c a t i o n .  

2. C o n t r o l  number and p l a t e  were a s s i g n e d .  Record a v a i l a b l e  
i n  Gage C o n t r o l  area for p e r i o d i c  m o n i t o r i n g ,  

P r e v e n t i v e  A c t i o n  Taken t o  P r e c l u d e  Recur rence  .-- 

I., P e r s o n n e l  w e r e  admonished t o  adhe-2 t o  a l l  o p e r a t i n g  pro-  
c e d u r e s .  Adherence t o  t h e s e  p r o c e d u r e s  i s  mandatory as per  
K I  p o l i c y .  

2 ,  Same as (11, 

STATUS: COMPLETE 
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TABLE 6-49 

PLATING AND FINISHING/PARTS INSPECTION 
(Author i ty :  NPC 200-2, SPI 8801 and 8650C) 

Discrepancy 

1. S p e c i f i c a t i o n  document, ND 1002083, was n o t  s igned  by 
MIT/IL or NASA r e p r e s e n t a t i v e s .  

2. S p e c i f i c a t i o n  document, ND 1002099, had n o t  date or  ap- 
p r o v a l  s i g n a t u r e  by MIT/IL or  NASA r e p r e s e n t a t i v e s .  

3. L i s t  o f  Material Coding c o u l d  n o t  be c r o s s - r e f e r e n c e d  f o r  
c u r r e n t  s t a t u s  a s  t h e  a p p l i c a b l e  s p e c i f i c a t i o n  document 
w a s  n o t  a v a i l a b l e .  

Inunediate Act ion  Taken 

1. A complete set o f  c u r r e n t  documents as  applicable were 
issued to the depar tment  s u p e r v i s o r .  Obsolete documents 
were des t royed .  

2. Same as (1) . 

Preven t ive  Ac t ion  Taken to  Prec lude  Recurrence - 
C o n f i g u r a t i o n  and P r ~ d u c t i o n  C o n t r o l  depar tment  i n i t i a t e d  the 

necessa ry  procedures  t o  e n s u r e  t h a t  a l l  s p e c i f i c a t i o n  documents 
main ta ined  i n  this subject area are c u r r e n t  t o  the master f i l e  
s t a t u s .  

STATUS: COMPLETE 

TABLE 6-50  

OPTICAL FABRICATION 
(Authority: NPC 200-2, 5SQ-006, SPI  8801 and 8550D) 

Discrepancy: 

1. S p e c i f i c a t i o n  documents ND 1002096, 1002091, 1002215, 
1002019 were n o t  s i g n e d  by MIT/IL or NASA r e p r e s e n t a t i v e s .  krru' 
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2.  S e v e r a l  bot t les  c o n t a i n i n g  chemical  s o l u t i o n  were uniden- 
ti f i ed .  

3. S tandard  p i t c h  p o t s  w e r e  n o t  covered  o r  i d e n t i f i e d .  

4 .  C a l i b r a t i o n  label i n d i c a t i n g  s c h e d u l e s  f o r  p e r i o d i c  
moni tor ing  was miss ing  from t h e  fo l lowing  equipment: 

a. F e d e r a l  Dia l  I n d i c a t o r  

b. O p t i c a l  Measuring Ins t rument  
c. P e r i s c o p e  Alignment Mirror 
d. Micrometer 

Immediate Act ion Taken 

1. A complete set  of  c u r r e n t  documen t s  a s  a p p l i c a b l e  were 
i s s u e d  t o  t h e  depar tment  s u p e r v i s o r .  Obsole te  documents 
were des t royed  . 

2.  S u b j e c t  bott les  were i d e n t i f i e d  w i t h  necessa ry  l a b e l s .  

3. Covers w i t h  i d e n t i f i c a t i o n  provided.  

4 .  Equipment r e f e r e n c e d  recertified and a s s i g n e d  t o  t h e  
scheduled  c a l i b r a t i o n  i n t e r v a l  procedure .  I d e n t i f i c a t i o n  
l a b e l s  provided.  Personally-owned micrometers were 
checked and as s igned  t o  Tool Con t ro l  s u r v e i l l a n c e  f o r  
p e r i o d i c  c a l i b r a t i o n  check. 

P r e v e n t i v e  Act ion Taken t o  Prec lude  Recurrence 

1. Conf igura t ion  and Product ion  C o n t r o l  depar tment  i n i t i a t e d  
the n e c e s s a r y  procedures  t o  e n s u r e  t h a t  a l l  s p e c i f i c a t i o n s  
documents main ta ined  i n  this s u b j e c t  a r e a  were c u r r e n t  t o  
t h e  m a s t e r  f i l e  s t a t u s ,  

2 .  Departmental  s u p e r v i s o r  was i n s t r u c t e d  t o  review a l l  ap- 
p l i c a b l e  procedures  f o r  handl ing  chemical  s o l u t i o n s  and 
t o  i n i t i a t e  t h e  necessa ry  a c t i o n  to  e n s u r e  compliance. 

3. Same a s  I t e m  2 .  

4 .  Personnel  w e r e  admonished to  adhere to  o p e r a t i n g  procedure  
s p e c i  f P c a l l y  o r i e n t e d  t o  t h e  maintenance requirements  of 
personally-owned t o o l s  and measuring ins t rument s .  

STATUS : COMPLETE 
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ELECTRICAL STANDARDS LABORATORY 
( A u t h o r i t y :  NPC 200-2, SPI  8801) 

Discrepancy 

The re  were no humid i ty  r e a d i n g s  recorded on a periodic or  
I s c h e d u l e d  basis .  

Immediate A c t i o n  Taken 

To comply w i t h  a p r e v i o u s  a c t i o n  r e q u e s t ,  t h e  primary s t a n d a r d s  
were m a i n t a i n e d  on a temporary basis i n  a c o n t r o l l e d  area w i t h  a l l  
the e n v i r o n m e n t a l  r e q u i r e m e n t s  e n f o r c e d .  The remain ing  secondary  
s t a n d a r d s  were t r a n s f e r r e d  t o  t h e  same c o n t r o l l e d  a r e a .  

P r e v e n t i v e  A c t i o n  Taken t o  P r e c l u d e  Recur rence  

The l a b o r a t o r y  was moved from the p r e s e n t  i n a d e q u a t e  l o c a t i o n  
t o  a newly d e s i g n a t e d  a r e a  f e a t u r i n g  a c o m p l e t e l y  c o n t r o l l e d  env i -  
ronment w i t h  a l l  t h e  n e c e s s a r y  control . .  t o  e n s u r e  compl iance  w i t h  
the applicable s p e c i f i c a t i o n s .  *w 

STATUS: COMPLETE 

TABLE 6-52 

OPTICAL INSPECTION 
( A u t h o r i t y :  NPC 200-2, SPIU8130E, QAP 98119) 

Disc repancy  

1. I n s p e c t i o n  P rocedures  and  s u p p o r t i n g  documenta t ion  records 
p e r t a i n i n g  t o  six a u d i t  samples c o n t a i n e d  o m i s s i o n s  of 
i n s p e c t i o n  data n e c e s s a r y  to  e s t a b l i s h  concu r rence  t o  
q u a l i t y  requ i remec t  s. 

2.  Articles were n o t  p h y s i c a l l y  segregated and  i d e n t i f i e d  as 
t o  s t a t u s  (materials a w a i t i n g  i n s p e c t i o n ,  conforming ma- 
terials f o r  s tockroom,  o r  rejected material) . 

Immediate A c t i o n  Taken 

1. I n s p e c t i o n  P rocedures  and s u p p o r t i n g  documenta t ion  records w 
were rev iewed  by s u p e r v i s o r  and b r o u g h t  up- to-date  as ree- 
q u i r e d .  

6-126 
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2. S u p e r v i s o r  s e g r e g a t e d  material and had  a d d i t i o n a l  s h e l v e s  
i n s t a l l e d  t o  f a c i l i t a t e  s t o r a g e  o f  subject:  material.  
S h e l v e s  are now i d e n t i f i e d  w i t h  c a t e g o r y  o f  material and 
p r e s e n t  s t a t u s .  

P r e v e n t i v e  Ac t ion  Taken to  P r e c l u d e  Recur rence  

1. P e r s o n n e l  were c a u t i o n e d  t o  a d h e r e  to  a l l  o p e r a t i n g  pro-  
c e d u r e s .  

2 .  Same as (1). 

STATUS : COMPLETE 

TABLE 6-5 3 

FINISHED PARTS STOCKROOM 
( A u t h o r i t y :  NPC 200-2, AOP N o .  1) 

O b s e r v a t i o n  

aPP 
sub 

The F i n i s h e d  P a r t s  Stockroom w a s  s a t i s f a c t o r i l y  complying w i t h  
icable c o n t r o l l i n g  documents a s  t h e y  p e r t a i n  t o  the ar t ic les  
e c t e d  t o  t h i s  a u d i t .  The area of conce rn  w a s  the l imi ted  s p a c e  

p r o v i d e d  f o r  t h i s  f a c i l i t y .  The a u d ~ t  t e a m  had  recommended Ma t  a 
l a r g e r  area be c o n s i d e r e d  i n  f u t u r e  p l a n n i n g  to  improve h a n d l i n g  
and s t o r a g e  c a p a b i l i t i e s .  

STATUS : COMPLETE 

LIMITED SHELF L I F E  ARTICLES 
( A u t h o r i t y  : NPC 200-2, ARP-4C) 

Discrepancy 

P r o d u c t i o n  C o n t r o l  records d id  n o t  i n d i c a t e  r e q u i r e m e n t s  of 
a l l  l imi t ed  s h e l f  l i f e  i t e m s .  S p e c i f i c a l l 1  , PN 1006268 Epoxy 
Resin  and P N  1010303 Adhesive. 



Immediate Action Taken - 
S h e l f  l i f e  requi rements  were immediately e n t e r e d  i n t o  Pro- 

d u c t i o n  Con t ro l  Records. 

P r even t i ve  Action Taken to  Prec lude  Recurrence 

Produc t ion  Con t ro l  was directed t o  conform wi th  Apollo Re- 
l i a b i l i t y  Procedure N o .  4C which r e q u i r e s  t h e s e  r ecords  to  be main- 
t a i n e d  as p a r t  o f  AGE c o n t r o l .  

Th i s  was a d iscrepancy o f  r e co rd  keeping and n o t  t h e  AGE con- 
t r o l l e d  m a t e r i a l .  

L i m i t e d  s h e l f  l i f e  m a t e r i a l  was always i n s p e c t e d  f o r  an ac- 
c e p t a b l e  e x p i r a t i o n  d a t e ,  prior to  i s s u a n c e  from t h e  stockroom t o  
the produc t ion  f l o o r .  

STATUS: COMPLETE 

TABLE 6-55 

TEST EQUIPMENT LABORATORY 
(Author i ty :  NPC 200-2, QCI-9SQ-004) 

Discrepancy - 
1. Temperature i n d i c a t o r  NO. 2222-1028-1 w a s  n o t  registered 

f o r  periodic c a l i b r a t i o n  f requency . N o  procedure  was 
a v a i l a b l e  f o r  this i n d i c a t o r  r e l a t i v e  t o  c a l i b r a t i o n  and 
maintenance requi rements  . 

2. Va r i ab l e  d a t a  n o t  rec~rd~ed for t h e  fo l lowing equipment: 

a. Vacuum Tube Voltmeter N o .  8909-8018 SN 1 3  

b. Temperature I n d i c a t o r  N o .  2222-1028-1 

3. "Equipment Service Record" f i l e  c a r d  for N o .  0005-0075 
d i d  n o t  i n d i c a t e  type  o f  service for which the equipment 
w a s  des igna ted .  
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Immediate Ac t ion  Taken 

1. Indicator w a s  c a l i b r a t e d ,  r e g i s t e r e d  and r e t u r n e d  to  lab- 
o r a t o r y .  Procedure  was g e n e r a t e d  f o r  c a l i b r a t i o n  and 
main tenance  r equ i r emen t s  . 

2. V a r i a b l e  d a t a  record c a r d s  were i n s t i t u t e d  for test  equip-  
men t re fe renced .  

3. F i l e  c a r d  d a t a  was completed by s u p e r v i s o r .  

P r e v e n t i v e  Ac t ion  Taken t o  Preclude Recurrence  

P e r s o n n e l  were c a u t i o n e d  to  adhe re  t o  a l l  o p e r a t i n g  p rocedures .  

STATUS : COMPLETE 

TABLE 6-56 

MODEL PART SLOP 
( A u t h o r i t y :  NPC 200-2, QCI 9SQ-002, 2SQ-OOlA,  

7SQ-00 3 and 789-002) 

Discrepancy 

1. P e r s o n a l  micrometer n o t  s u b m i t t e d  t o  gage  c o n t r o l  f o r  
s c h e d u l e d  r echeck ,  

2. Gage b l o c k  s t i c k e r  i n d i c a t e d  a one-month i n t e r v a l  f o r  
s c h e d u l e d  c a l i b r a t i o n ,  d e p a r t m e n t a l  records i n d i c a t e d  a 
6-month i n t e r v a l .  

3. Gage b l o c k  se t  was n o t  i d e n t i f i e d  by s t i c k e r  f o r  s chedu led  
c a l i b r a t i o n  i n t e r v a l .  

4 .  Drawings N o .  6011088B and N o ,  2012676B w e r e  marked "For  
Reference  Only".  

Immediate Ac t ion  Taken 

1. Micrometer r e f e r e n c e d  was r echecked ,  and a s s i g n e d  to  the 
tool c o n t r o l  s c h e d u l e d  c a l i b r a t i o n  i n t e r v a l  s y s  t e m .  

2. New s t icker  listing 6-month c a l i b x a t i o n  i n t e r v a l  a f f i x e d  
t o  measur ing i r i s t rument .  
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3 .  Gage blocks r e f e r e n c e d  were used and were i d e n t i f i e d  o n l y  
f o r  p r e l i m i n a r y  s e t - u p ,  then  master c a l i b r a t e d  gage blockv 
were used f o r  f i n a l  a l ignment .  

4 .  Drawings r e f e r e n c e d  were removed from a r e a  and r e p l a c e d  by 
a u t h o r i z e d  manufactur ing r e l e a s e  drawings. 

Y r e v e n t i v e  Act ion Taken to  Prec lude  Recurrence 

I Opera t ing  pe r sonne l  r e i n s  t r u c t e d  i n  the procedura l  r e q u i r e -  
ments o f  QCI 9SQ-002, 2SQ-OOlA,  7SQ-003 and 789-002. 

STATUS: COMPLETE 

TABLE 6-57 

YN-PROCESS INSPECTION MODEL PARTS SHOP 
(Authority: NPC 203-2, QCI 2SQ-OOlA, 7SQ-003, 759-002) 

Discrepancy 

1. Drawings which accompanied t h e  a u d i t  samples were i d e n t i -  
f i e d  - "For Reference Only" n o t  "Released For Manu- 
f a c t  -gn' . 
a. 60110888 Lens Housing 
b. 20120708 Cover 

2. 'Five a u d i t  sample r o u t e  and tool packages d i d  n o t  have the 
Opera t ion  S h e e t s  o r  Summary Sheets a t t a c h e d  a8 r e q u i r e d  
f o r  implementat ion by o p e r a t i n g  pe r sonne l .  

3. Incomplete  documentat ion d a t a  recorded  a n  completed r o u t e  
and tool s h e e t s .  

Immediate Act ion Taken 

1. Reference drawings w e r e  removed from area and replaced by 
a u t h o r i z e d  manufactur ing release drawings.  

2. I n s p e c t i o n  procedures  c o n t a i n e d  i n  the s u b j e c t  r o u t s  and 
tool package wexo ravrssd by Q u a l i t y  Con t ro l  t o  i n c l u d e  
t h e  eatablisllrmerrt of Opera t ion  His tcry  and Summary S h e e t s  .! 

as per  QCI 7SQ-002 and QCI 7SQ-003. 

4 
7 
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3. Route and  t o o l  s h e e t s  were reviewed and corrrcted where 
s u p p o r t  documenta t ion  w a s  omitted. 

Prever r t ive  Act ion  Taken to  P r e c l u d e  Recurrence  

Model Shop o p e r a t i n g  p e r s o n n e l  and Q u a l i t y  C o n t r o l  p r o c e d u r e  
writers were r e i n s t r u c t e d  i n  p r o c e d u r a l  r e q u i r e m e n t s  o f  QCI  2SQ- 
OOlA,  7SQ-003 and TSQ-002. In -p roces s  i n s p e c t i o n  p e r s o n n e l  were 
i n s t r u c t e d  t o  i n t e n s i f y  t h e i r  s u r v e i l l a n c e  a c t i v i t y  t o  p r e c l u d e  
r e c u r r e n c e  of d i s c r e p a n c i e s .  

STATUS: COMPLETE 

TABLE 6-58 

FINAL INSPECTION 
( A u t h o r i t y :  NPC 200-2,  10SQ-001) 

Discrepancy 

1. I n s p e c t i o n  r k j e c t i o n  s t a i ~ t p s  were n o t  c a n c e l l e d  by supe r -  
imposing a u t h o r i z e d  c a n c e l l a t i o n  s tamps ,  

2. I n s p e c t i o n  s tamps were n o t  c l e a r l y  l e g i b l e  or  w e r e  re- 
p l a c e d  by a check mark i n d i c a t i n g  a c c e p t a n c e ,  

Immediate Ac t ion  Taken 

1. A l l  documents were reviewed and stamped as s p e c i f i e d  by 
p r o c e d u r a l  r equ i r emen t s .  

2 .  Same as (1). 

P r e v e n t i v e  Ac t ion  Taken t o  P r e c l u d e  Recurrence  

P e r s o n n e l  were c a u t i o n e d  t o  e x e r c i s e  a d d i t i o n a l  care i n  t he  
performance of their d u t i e s  and to  a d h e r e  t o  a l l  r e q u i r e m e n t s  of 
QuaLity C o n t r o l  I n s t r u c t i o n  10SQ-001. 

STATUS: COMPLETE 

OVERALL AUDIT CONFORMANCE. F i g u r e  6-20 " P e r c e n t  O v e r a l l  A u d i t  
1 Conformance", i l l u s t r a t e s  t h e  progress of tne a u d i t  o p e r a t i o n  i n  

a c h i e v i n g  optimum conformance af 100  p e r c e n t .  A monthly summary 
conformance p l o t  and linear r e l a t i o n s h i p  (best l i n e )  for the 15- I 
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Figure 6-29. Percent Overall Audit Conformance 
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month period are d i s p l a y e d .  A t  t h e  end  o f  t h e  t h i r d  q u a r t e r  1965 ,  
t h e  Y intercept of t h e  best l i n e  ( p l o t  X O )  w a s  85.5 p e r c e n t  o u t  o f  
a possible 100 p e r c e n t .  The end of t h e  second  q u a r t e r  1966 ( p l o t  
X15) showed a q u a r t e r l y  Y c a l c u l a t i o n  o f  87.3 p e r c e n t .  An i n c r e a s e  
of 1 .8  p e r c e n t  o v e r  t h e  p a s t  1 5  months,  w i t h  t h e  f i n a l  monthly 
p l o t ,  June 1966 ,  a t t a i n e d  9 2  p e r c e n t  conformance. Table 6-59 de- 
l i n e a t e s  t h e  s u p p o r t i n g  s ta t i s t ics  used to  o b t a i n  t h e  o v e r a l l  a u d i t  
conformance r a t i n g .  

I DETERMINATION O F  "PERCENT O F  CONFORMANCE" RATING. The d e g r e e  
which e a c h  a u d i t e d  area conformed t o  p r o c e d u r a l  r e q u i r e m e n t s  and 
c o n t r a c t u a l  o b l i g a t i o n s ,  i s  i n d i c a t e d  by t h e  "Area P e r c e n t  Con- 
formance" f i g u r e .  The "Area P e r c e n t  Conformance" f i g u r e  was de- 
t e rmined  i n  t h e  f o l l o w i n g  manner. See  F i g u r e  6-21 and Table 6-60. 

a. Random s e l e c t i o n  o f  a t  l eas t  one  p a r t  b e i n g  p roces sed .  
b. De te rmina t ion  of compl iance  w i t h  c o n t r o l  requiremer i t s  by 

examing t he  p a r t ,  r e c o r d s  and a l l  a r e a s  p e r t i n e n t  to  t h e  
pa r t .  The examina t ions  are t h e n  q u a n t i t a t i v e l y  rated i n  
acco rdance  w i t h  a p r e e s t a b l i s h e d  weighted cheek l i s t .  

c. The p a r t ' s  degree cf confo rmi ty  was t h e n  de t e rmined  by 
t o t a l i n g  a l l  t h e  q u a n t i t a t i v e  p o i n t s  ( A c t u a l  N o .  of Con- 
formance P o i n t s )  credited t o  i t  on t h e  check l ist .  A 
par?- which conforms to a l l  r e q u i r e m e n t s  w i l l  r e c e i v e  a 
maximum score of 100. 

I n  most i n s t a n c e s  more t h a n  one  par t  i s  a v a i l a b l e  for  
a u d i t  s c r u t i n y .  I n  t h e s e  i n s t a n c e s  s e v e r a l  a u d i t s  are 
performed c o n c u r r e n t l y ;  however,  e a c h  part  is scored 
i n d e p e n d e n t l y .  

d. Upon comple t ion  of a l l  a u d i t s ,  the i n d i v i d u a l  scores were 
totaled ( "Total Conformance P o i n t s " )  , the to ta l  m u l t i -  
plied by 100 and the r e s u l t  d i v i d e d  by the " T o t a l  P o s s i b l e  
P o i n t s  " . (100 x No. o f  Par t s  Aud i t ed )  . The f i n a l  f i g u r e  
w a s  t he  Area P e r c e n t  Conformance. See Example. 

I 
I Example : 

Audi t ed  Area : Rece iv ing  I n s p e c t i o n  

1. Degree of con fo rmi ty  per  part: 

Part N o .  A c t u a l  N o .  of Conformance P o i n t s  
03386916176 94 
1022008 9 4  
1010651 94 
1010652 9 4  



TABLE 6-59 

'L 

Xcn',k,ly Status July Aug. Sept. Oct. Nov. Dec. 

Totzl Arzzs ' '5 5 4 2 3 3 

Tota.1 PN 3sed 14 21 29 6 11 15 

Total Audit Szrnples 14 24 20 6 11 12 

Total Ci:aracteristics 264 750 750 150 224 370 

Possible Conr'ormznce 4600 2400 2000 600 1100 1250 
Pcir,ts 

2 
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1 .  Random selection of part numbers. 

A U D I T  SAMPLE3 

Audit PN PN PN PN 
No. - NO. - No. - No. - 
an-* Opr . Opr mr * 

Characteristic No. - No. - No. - No. - 
1 I ]Go NoGo 1 Go NoGo 1 Go NoGo 1 Go NoGa 

1. 1 Availability 3 @ 4 4 I - 
11.2 status 14 I 
1 I .  3 Control 

2. Quantitative rating of observations. - 

Sub 
Total 
Points 

Total points per Audit Characteristic (weighting)' 

3. Parts degree of conformity (Total Quantitative Points per Part. ) 

4. Total possible points per part number I 

Figure 6-21. Q u a l i t y  Control  ~ u d i t  Sheet 



r - 
TABLE 8-60- 

PERCENT OF C ~ F O ~ E  

AUDITED &A: Receiving Inepection 

Per cent 

Total Possihle Points: 600 

Audited Max. No. Actual No. of Total & h a  
Part of Points Conformance Conformance Confor mance Percent 

Numbers Per PM Points Per PN Points Cdormance 

03386916176 100 94 9 4  

1092008 1W 94 94 

1010651 100 94 9 4  

1010652 100 94 94 

1012065 IOQ 04 s i  
201 1176 100 94 94 564 9@/, 

ACDITKD AREA: Part8 Inspection Total Possible Pdnta: 200 

2011304 (SN 14) 100 88 

I 
2011304(SNlS) l W  88 

88 ' 

88 176 
L I 

ml 



I 

TABLE6-60 (Page%sfS) 

PERCENT OF CONFORMANCE 

AUDITED ARE 4: Optical Fabrication Total Possible Points: 200 

Audited Max. No. Actual No. of 
Part of Points Conformance 

Numbers Per PN Points 

601 1405 100 84 

Percent 
Conformance 

Per PN 

84 

601 1417 100 
L 1 

84 1 8 *  168 
I- 84% 

Total 
Conformance 

Points - 

Area 
Percent 

Conformance 

AUDITED AREA: Electrical Standards Laboratory C Total Possible Po~nts: 400 

80 

80 

6309-0008-4 80 

6309-0014-1 80 8% 
L 

80 

80 

80 

80 

AUDITED AREA: Optical Inspection Total Possible Points: 600 

320 

- -- 
201 1169 100 76 

201 1270 100 76 

201 1636 100 76 

2011651 100 76 

2011664 100 76 

2011710 100 76 
* 

76 

76 

76 

76 

76 

76 456 
7 

. 1 

7896 



TABLE 6-60 (Page 3 of 5) 

PERCENT OF CONFORMANCE 

AUDITED AREA: Finished Parts Stockroom Total Possib!e Points: 800 

Audited Max. No. Actual No. of 
Parts . of Points Conformance 

Numbers per PN Points 

1006750-43 100 9 1 

1006750 -530 100 9 1 

1006750-43 100 9 1 

1012218 100 9 1 

201 1702 100 9 1 

1006750-47 9 1 

Total 
C onfo rri~ance 

Points 

546 

Percent 
Conformance 

Per PN 

91 

9 1 

91 

9 1 

9 1 

91 

A rea 
Percent 

Conformance 

I 
91% 

AUDRED AREA: Limited Shelf Life Articles Total Possible Points: 400 

1011541 100 80 

1006286 100 80 

I 
1006835 100 80 

1010303 100 80 

80 

80 

80 

80 320 8% - 



I TABM 6-60 (Page 4 of 5) 

PERCENT OF CONFORMANCE 

AUDITED AREA: Test Equipment Laboratory Total Possible Points: 600 

Audited Max. No. Actual No. of 
Parts of Points Conformance 

Numbers per PN 
-- - -- - - - Points 

---- 

890s-0034 C so0 I 100 

Percent Total A rea 
Conformance Confcrmance Percent 

Per PN Points Conformarice 

AUDITED AREA: Model Parts Shop - -- -- - Total Possible Points: 600 

60 A 10888 100 

2012726 100 9 1 

2012723 100 91 0-- 9 1 

601 1 107 100 95 95 

601 1140 100 95 9 5 . 
2012676 100 87 87 542 saLb -- - 



I TABLE 6-60 (Page 5 of 5) i 
I PERCEM' OF CONFORMANCE I 

AUDlTED AREA: In-House Inspection (Model Parts Shop) Total Possible Points: 600 

AUDITED ARE 4: Final Inspection Total Possible Points: 320 

Audited 
Parts 

Numbers 

601 1088B 

2012726 

2012725 

601 1107 

601 1140 

2012676 

Percent 
Conformance 

Per PN ---- 

82 

97 

97 

97 

81 - 
89 

Max. No. 
of Points 
per PN 
--- 

292 

9 1 

9 1 

91 

9 1 

Actual No. of 
Conformance 

Points 

Total 
Conformance 
- Points 

553 

91% 
> 

- 
73 

73 

73 

73 

201 1722A 

-007 176 

2012568 

2012730 

82 

loo 100 / 87 

97 

97 

100 81 

100 89 -- 

Area 
Percent 

Conformance 

i 

92% 

80 

80 

80 

80 
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P a r t  No. Actual N o .  of Conformance Po in t s  

1012065  9 4  
2011176 94 

T o t a l  Conformance Po' n t s  = 

T o t a l  Corlformance 
Po in t s  x 100 

a 564 x 100 , 9 4 9  2. Area % Conformance = vatal Ptso 1 0 0  x 6 

The d i f f e r e n c e  between the  a c t u a l  number of confonnarrca 
p o i n t s  p e r  p a r t  number i s  n o t  always i n d i c a t x v e  of  a nonconforming 
p a r t .  However, i t  may i n d i c a t e  nonadherence t o  a g iven  procedure  
a p p l i c a b l e  t o  the a u d i t  a rea .  

QUALITY CONTROL AUDITS PREVENTIVE ACTION PROGRESS REPORTS 

I n  many i n s t a n c e s  a Quality Contro l  Audi t  r e s u l t e d  i n  immed- 
i a t e  c o r r e c t i o n  of t h e  observed d i sc repancy ,  and an i n v e s t i g a t i o n  
to  de termine  p r even t i ve  measures. 

Xn t h e  e v e n t  P reven t ive  Action r e q u e s t s  were gene ra t ed ,  
i n t e r i m  measures were immediately e f f e c t e d .  I n t e r im  measures con- 
sisted of  the fo l lowing:  

a. Immediate c o r r e c t i o n  o f  t h e  observed  d iscrepancy.  

b. I n s  ti t u t i o n  of temporary measures which would immediately 
detect and correct a l l  r ecur rences .  

e. I n v e s t i g a t i o n  o f  measures which, wh n i n s t i t u t e d ,  would 
p r ec lude  recur rence  o f  t h e  t ype  of d iscrepancy observed.  

d. Iznplementation o f  p r even t i ve  measures which r e s u l t e d  from 
"c" above. 

The c o r r e c t i v e  a c t i o n  s t a t u s  of a l l  i n v e s t i g a t i o n s  i n i t i a t e d  
p r i o r  t o  the p e r i o d  covered by this report were complete. 

GLOSSARY OF PROCEDURES REFERENCED 

NASA - 
NPC 200-2 Q u a l i t y  Program P rov i s i ons  

for Space System Con t r ac to r s  

Kollsman 

SPI-0000 Standard  Practice I n s t r u c t i o n  
QCI-SQ-000 Q u a l i t y  Con t ro l  I n s t r u c t i o n  - Space Div i s ion  
QAP-0000 Q u a l i  t y  Assurance Procedure  
AOP-0 Apollo Opera t ing  Procedure  
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6.6 SUMMARY OF YEAR ENDING 1967 

6.6.1 Management 

6.6.1.1 Personne l  and O r g a n i z a t i o n  

The o r g a n i z a t i o n  s t r u c t u r e  o f  the A p d l o / L Y  Program Produc t  
Assurance S e c t i o n  w i t h i n  t h e  Produc t  Assuranc e Department is shown 
i n  F i g u r e  6-22. The Q u a l i t y  Assurance S e c t i o n  c o n s i s t e d  of 1 8  
pe r sonne l .  

I 

6.6.2 Miles t o n e s  

The Q u a l i t y  Assurance q u a r t e r l y  p r e s e n t a t i o n s  were made t o  AC. 
The q u a l i f i c a t i o n  o f  t h e  d e s i g n  changes to LM-AOT 604 ( p e r  KI- 
AR-TP 2000) was completed e a r l y  i n  November. 

6.6.3 Maior Problems 

NASA d i s c o n t i n u e d  MSC-AD-66-3 t e s t i n g  on C-328 v i t o n  ad- 
hes i v e  due  t o  e x c e s s i v e  t o t a l  o r s a n i c  c o n t e n t  d u r i n g  o u t g a s s i n g  . 
A pos t - cu re  p rocedure  was r e q u i r e d  p r i o r  t o  f u r t h e r  t e s t i n g  t o  
minimize  t h e  ra te  o f  o u t g a s s i n g .  

The v i t o n  sponge used  as e y e p i e c e  thermal i n s u l a t i o n  proved u 
u n s t a b l e  a t  e l e v a t e d  t e m p e r a t u r e s  and/or  reduced p r e s s u r e .  Sub- 
s e q u e n t  i n v e s t i g a t i o n  r e v e a l e d  t h a t  t h e  m a t e r i a l  as r e c e i v e d  from 
t h e  vendor ,  w a s  n o t  pos t -cured .  The p r o b a b i l i t y  w a s  h i g h  that t h i s  
materi a1 would also f a i  1 t h e  NASA o u t g a s s  i n g  requi rements .  

6.6.4 Documentation 

6.6.4.1 Q u a l i t y  C o n t r o l  P l a n  ( V o l u m e  I )  

The Q u a l i t y  P l a n  was f i n a l i z e d  and approved.  F o r t y  copies 
of the s u b j e c t  document upda ted  t o  September 1966 w a s  delivered t o  
A;. C. E l e c t r o n i c s .  

6.6.4.2 Q u a l i t y  C o n t r o l  P rocedure  ( V o l u m e  11) 

The Q u a l i t y  P l a n  had been dete rmined  a c c e p t a b l e  and f o r t y  
copies of the s u b j e c t  document upda ted  t o  September 1966 was for- 
warded t o  A. C. E l e c t r o n i c s .  

6.6.4.3 Documentation Review 

Enginee r ing  changes an6 documents reviewed d u r i i ~ g  t h e  re- 
porticg period are listed i n  Table 6-61 



Figure 6-22, Product Assurance Functional Orqani z a t  ion 
for Apollo/LM Prwrams 
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TABLE 6-61 

6.6.5 Procurement 

6.6.5.1 Receiving I n s p e c t i o n  

. 

t v 

SUMMARY IX)CUtI;YT REVIEN 

hater ia l  Received - O f  t h e  17,128 parts  i n s p s c t e d  by t h e  
R e c e i v i n ~  I n s p e c t i o n  Department d u r i n g  the r e p o r t i n g  p e r i o d ,  11.1 
p e r c e n t  of 1 ,60  7  p a r t s  were f  sund t o  be nonconf arming and were 
subsequen t ly  d i s p o s i t i o n e d  by 4 1  formal  Material Review Board 
(MRB) a c t i o n s .  (See T a b l e  6-62 f o r  a d d i t i o n a l  breakdown o f  
material received for  t h e  r e p o r t  period and F i g u r e  6-23 f o r  l i n e a r  
t r e n d  ind ica t io rh .  ) 

RTM/ECP/GCO 

TDRR 

P e R e / P , O ,  

Test Evaluation ( J D Q )  

ADP 

Specifications 

Route 61 Tool Book - New 
- Rework 

- Revision 
L 

6.6.5.2 Material Review soard 

627  

87  

724 

470 

3 8  

90 

290 

215 

383 

Material Review Act iv i - ty  - Q u a l i t y  Con t ro l  d u r i n g  t h e  f irst  
r e p o r t i n g  period processed 4 1  Formal Board Actions for  the Pro- 
curement s e c t i o n  sf t h e  Material R e v i e w  Board. Thirty-or,e FBA 's 
were f o r  the Command Module =rid t e n  for t h e  LEM procurement 
a d t i v i t y ,  (See Table 6-63 for a d d i t i o n a l  breakdown, and F i g u r e  
6-24 fov l i n e a r  t r e n d  i n d i c a t i o n . )  

M a t e r i a l  Review C o r r e c t i v e  Act ion  - T a b l e  6-64 d e l i n e a t e s  the 
M a t e r i a l  REview C o r r e c t i v e  Action S t a t u s  for ache CM and LM. 



TABLE 6-62 

MATERIAL RECEIVED R I R  
COMMAND MODULE/LUNAR EXCURS ION MODULE 

1 

Period 

First 

9econd 

Third 

Evaluated 

260 

180 

413 

% Shipments 
Nonconforming 

41% 

28.3% 

12% 

Shipments 

Nonconforming 
--. 

106 

51 

49 

- Parts 

Inspected Nonconforming 

5516 864 

1872 2 21 

9740 522 

% Units 
Nonconfarminu 

1 6 %  

11.8% 

5.4% 

+ 



% Shipn- cnts ConL~ining 
Nonconfo rmanc es = PSCM 

Shipments Nonconforniznce 
PSCN = Shipments Received 

7 x 100% 

Vertical Deviation Base 
(Oct. 1964 thru Cec. 196.6) 

Figure 6-23. Procured 

VDB * rnn8rtncr.r 

LIXEAR TREND 
10 ruontlls 1967 ~ - D - m - - D ~ - 8  

Linear Relationship Y = n - b x 

a = Y 1n:ercept 

b = Regression Coefficient 

* vertical Deviaticn Case 
(July 1965 thru October 1967) 

Material (Shipnent) Nonconformance Trend 
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TABLE 6-63 

PROCUREMENT MATERIAL REVIEW ACTION 
COMMAND MODULE/LUNAR EXCURSION MODULE 

Total FBA's 
FBA Percentage = Shipments Received loo% 

7 

Formal Board Actions 

FBP. 
P e r c e n t a g e  

8.5% (Avg) 

7 . 2 %  (Avg) 

1 . 5 %  (kvg) 
d 

T o t a l  
PBA 

2 2  

13 

6 

To t.al 
P i e c e s  

1 7 1  

37 

1 8  

Sh ipments  
R e c e i v e d  

260 

1 8 0  

413 

LEM 

6 

2 

2 

P e r i o d  

F i r s t  

Second 

T h i r d  

CM 

16 

11 

4 



-- ~ ~ O N T W L Y  PLOT 

Percent Receipts - _ & 
Referred to MRB 

% = 
FBA 
Receipts Iiispectcd' 

Vertical Deviation Base 
(Jan. .I965 thru Dec. 19G6) 

Material 

-- 

I, lKE2. R TR I? XD 
10 months 1967 . e = s ~ m = m m = s s  

a = Y Intercept 

b = Regression Coefficient 

* Verticrl! Deviation Ease 
(July I965 through Octcber l967) 

R e v i e w  A c t i v i t y  Trend CM/JAM (Procured Materf a1 ) 



TABLE 6-64 

MATERIAL REVIEW CORRECL'IVE ACTION STATUS 
(PROCURED MATERIAL) 

COMMAND MODULE/LUNAR MODULE 

i d a t e r i a l  Review D i s p o s i t i o n s  - F i g u r e  6-25 d e l i n e a t e s  t h e  
Formal Board Ac t ion  activity, s e g r e g a t e d  i n t o  t w o  d i s p o s i t i o n  
c a t e g o r i e s .  Return- to-suppl ie r  and s c r a p  material d i s p o s i t i o n  are  
n o t  shown i n  t h i s  p r e s e n t a t i o n .  

b 

Shipments Received 

Formal Board Act ions  

FBA Percen tage  

S u p p l i e r  Problem Conf ereiices 

A t  Kollsman 

A t  Supplier F a c i l i t i e s  

Te lecon  

W r i t t e n  Request  f o r  
C o r r e c t i v e  A c t i o n  

Requested 

Received Reply 

Accepted Reply 

6.6.5.3 S u p p l i e r  Act iv i t ies  

ND1015404 S t a t u s  - The s t a t u s  of ND 1015404 requi rements  is 
l i s t e d  i n  T a b l e  6-65. 

F i r s t  
Pe r iod  

1967 

260 

22 

9 .8  

4 

12  

4 5 

6 
I 

Second 
P e r i o d  

1967 

180 

1 3  

6.2 

2 

9 

58  

1 0  

T h i r d  
Pe r iod  

1967 

4 1  3 

4 

1 . 2  
- -1 

0 

3 

58 

5 

3 

3  

4 I 1 0  

4 10 



KOLLSMAN INSTRUMENT CORPORATION 

No. of 
I*'o1*rl\nl 
A1 li13 
Actions 

No. of 
F o r ~ l ~ n  1 
hIItB 
Actions 

F i g u r e  6- 25. CM/LkX Procured Material Review Dispositions 
6-150 
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1,cgend - 
I!c\vorl.; I)isp\,sil ion 

L-1 lrsc as is I)i:;~m:.;ition 

Figure 6-25.  CM/LM Procured Material Review ~ispost iom 

6-151 
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TABLE 6-65 

ND 1015404 STATUS 
COMMhND MODULE/LUNAR MODULE 

L 

S u p p l i e r s  Surveyed 

App m v e d  

Disapproved 

I n s p e c t i o n  P l a n s  

Approved 

Disapprt . . , 

T r a c e a b i l i t y  P l a n s  

Approved 

In-F rocess 

C r i t i c a l  P r o c e s s  Agreement 
Approved 

In -Process  

Change Reques t s  

Accepted 

N o t  Accepted 

In -Process  

F i r s t  
Period,  

1967 

603 

186  

252 

0 

24 6 

0 

4 86 

0 
- 

424 

66 

7 

Second 
P e r i o d  

1967 

614 

187 

T h i r d  
Pe r i o d  

1967 

835 

252 

> 

252 1 3 3 6  

0 
- 

24 6  

0 

4 86 

0 

457 

66 

8 

1 

328 

1 

652 

3 

546 

102 

0 
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6.6.6 In-House A c t i v i t i e s  

6.6.6.1 F a b r i c a t i o n  Con t ro l  

Par t s /Opt  ics I n s p e c t  ion  and T e s t  - During t h e  r e p o r t i n g  
p e r i o d ,  3 , 1 4  8 p a r t s  were i n s p e c t e d .  One hundred and f i v e  were 
r e j e c t e d  f o r  an ave rage  r e j e c t i o n  rate of 4 . 1  p e r c e n t .  Tab le  6-66 
r e p r e s e n t s  a f i n a l  summary f o r  t r e n d  a n a l y s i s  and c o r r e c t i v e  ac- 
t i o n  implementat ion.  (See F igure  6-26 f o r  t r e n d  pe rcen tage  o f  parts/ 
o p t i c s  d e f e c t i v e  (PP/OD. ) 

Assembly I n s p e c t i o n  and T e s t  - During t h e  r e p o r t i n g  p e r i o d ,  
5,722 as sembl ie s  were i n s p e c t e d .  One hundred twenty-e ight  
assembl ies  were rejected f o r  an average  r e j e c t i o n  rate o f  2 . 1  p e r -  
c e n t .  (Table 6-67 r e p r e s e n t s  a  f i n a l  summary f o r  t r e n d  a n a l y s i s  
and c o r r e c t i v e  a c t i o n  implementat ion,  and F i g u r e  6-27 f o r  t r e n d  i n  
pe rcen tage  o f  a s s e n b l i e s  d e f e c t i v e  (PAD) . ) A 

6.6.6.2 M a t e r i a l  Review Board 

Material Review A c t i v i t y  - Q u a l i t y  Con t ro l  p rocessed  74 Formal 
Board Act ions  (FBA) f o r  t h e  in-house s e c t i o n  o f  t h e  Material Review 
Board (MRB) d u r i n g  t h e  r e p o r t i n g  p e r i o d .  For ty-four  FBA's were for 
t h e  Command Module and 30 were f o r  t h e  LEM f a b r i c a t i o n  a c t i v i t y .  
(See T a b l e  6-68 f o r  a d d i t i o n a l  a n a l y s i s ,  and F igure  6-28 i l l u s t r a t e s  
t h e  in-house assembly a c t i v i t y  ve r sus  t h e  M a t e r i a l  Review A c t i v i t y . )  

Material Review C o r r e c t i v e  Act ion - QC i n v e s t i g a t e d  t h e  cause  
o f  the nonconformances c o n t r i b u t i n g  t o  t h e  FBA's processed  d u r i n g  
t h e  r e p o r t i n g  p e r i o d ,  r e f e r e n c e d  i n  F i g u r e  6-28. C o r r e c t i v e  Act ion  
as detailed i n  F i g u r e  6-29 w a s  i n i t i a t e d  by QC t o  p r e c l u d e  r ecur -  
r e n c e  of t h e  nonoonformances . 

M a t e r i a l  Review D i s p o s i t i o n  - QC processed t h e  nonconforming 
~ t t a t e r i a l  i n t o  two categories o f  d i s p o s i t i o n ,  r e f e r e n c e d  i n  F i g u r e  
6-29, as i l l u s t r a t e d  i n  F i g u r e  6-30. Return- to-suppl ie r  and scrap 
m a t e r i a l  d i s p o s i t i o n s  are n o t  shown. 

6 . 6 . 6 . 3  MRB Assignment t o  OUA 

F i g u r e  6-31 i l l u s t r a t e s  t h e  number o f  1rlRB's a s s i g n e d  to t h e  
o p t i c a l  u n i t  assembly by AGE d e s i g n a t i o n .  The t o t a l  MRB's per AGE 
is f u r t h e r  class i f  i ed  i n t o  prime and c a r r i e d - o v e r  c a t e g o r i e s .  F o r  
example; an  i n d i v i d u a l  MRB o r i g i n a l l y  i n i t i a t e d  for AGE-LM ( l e a r n e r  
Model) would be cons ide red  prime, w h i l e  a l l  subsequent  usage of t h e  
'MRB material o n  o t h e r  AGE-OUA's wouf d be c1ass i . f  ied as ca r r i ed -over .  
The o r i g i n  o f  the MRB i n i t i a t i o n  was a1 ?a n r e s e n t e d  a t  Kollsman 
(in-house a c t i v i t y  ) o r  S u p p l i e r  (noncc wrming procured material) . 
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TABLE 6 - 6 6  

aMMAND MODULE/LUNAR EXCUXSXON MODULE 
t?ARTS/OP T I C S  FABRICATION - INSPEC.ED/REJECTED 

P a r t s  = Machine Shop Input 
O p t i c s  - O p t i c a l  F a c i l i t y  Input 

1 9 6 7  
P e r i o d  

v 

First 

Second 
I 

Third 

Inspected 
r 

Parts 

13 55 

372  

740 

O p t i c s  

581 

100  

0 

R e  j ect ed 

"8. 

PP/OD 
% P a r t s / O p t i c s  

D e f e c t i v e  

- 

- 
- 

P a r t s  

3 6  

1 8  

50 

T r e n d  
Indicator 

1 

1 . 8 %  ( A v g )  

3 . 8 %  ( A v g )  

6 . 8 %  (Avg) 
. 

I 

O p t i c s  

0 

0 

0 
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TABLE 6-67 

COM!S;?!D MODULE/LUNAR EXCURSION MODULE 
ASSEMBLY FABRICATION - INSPECTED/REJECTED 

r 

Period 
1 9 6 7  

F i r s t  

Second 

Ti1 i rd 
I 

A s s e m b l y  
Units 

Inspected 

3027 

1 3 9 1  

1 3 0 4  

As semb l y  
U n i t s  

R e j e c t e d  

74 

4 0  

1 4  

(PAD) 
P e r c e n t  
Assemblies 
Defective 

- 

- 

- 

% 

T r e n d  
Indicator 

2 . 4 %  ( A v g )  

2 .9% ( A v g )  

1.1% (Avg) 
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TABLE 6-68 

fN-KOUSE MATERIAL REVIEW ACTION 
COMMRND MODULE/LEM 

Tota l  F B A 1 s  FBA Percentage = - x 100% 
T o t  a1 Inspectioirs 

Period 

F i r s t  

Second 

Third 

FBA = Formal Board Action 

FB A 
Percentage 

0 . 9 %  

0 . 6 %  

1 . 3 0 %  

Formal Board 
A c t  i ons  Inspect i o n s  

CM 

1 5  

5 

24 

LEM 

1 3  

4 

1 3  

T o t a l  

28 

9 

37 

Assembly 

3027 

1491 

2780 

T o t a l  

3027 

1491 

2780 



VDB* mmamnmama R~ONTHI,Y PLOT L I ~ Z A R  'TREND 
10 Months 1967 * m m m m m m m m . a  

Formal Board Actions % = A s s e m b l i e s  Inspected 

Vertical  Deviation -;Base 
(Jan. 19135 thru Dec. 19GG) 

Linear Relationship Y = a - !J x 

a = Y 'htcrccpt 

b = Regression Coefficient 

* Vertical Deviation Base 
(July 1965 thlw October 1967) 

Figure 6-28. CM/LM Material R e v i e w  Activity Trend (In-House ~ssemblies) 
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s9. of 
For~nnl 
Board 

Actions 

No. of 
Forn~al 
Board 
Actions 

1 7  Use as is Disposition 
y* 
1 
"3 
7 
d' 

Figure 6-30. Dispos i t ion o f  Nonconforming Material (CM and LM) 
6-161 
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No. of 
Foriila 1 20 - 
Board 
Actions 

g 
.m + 30- 
0 

3 No. of 

E Fo r ~ n a  1 
h I3o,? rc! 
m 

20- 
n Actions 
E 
Q, 
r/) 

t 10- 
Q, 
rn 

x 
I 0 -- 
ti 

v 7 5  Rcwol*k Di spositioll 

(I Use as'is Disp )sitio~s 

a 1966 

Figure 6-30. Disposition of Nonoonforming Material (CM and LEM) 
6-162 
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TOTAL 

to .  3= 
sPiME 

U S B s  

07:: 
9. ?F 

u ? 8 s  
2 'PIED 
2 V E Q  

BLOCK IT OUA MF?B ASSlGNMENT VS AGE 

. . . . . . 
109 123 124 201 202 SPARE sE4 aL .JJV3Ea 

015 t:5 0 2 9 " 2 3  2 2 '  023 O Z L  0?9 

. . - . . . 
109 123 I24 201 202 SPARE SERIAL YUVZeF?- 

015 016 017 088 020  -21 0 2 3  C 2 4  023 

Ei iclC 
PRIME MRB I N t T l A T E D  - #RB; CARRIED OVER FROM PAE'dICUS AGE 5 '> 

SUPPLIER . SliPPL!ER 

Figure 6-31. MRB Assignment to OUA (CM) 
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6 . 6 . 6 . 4  MRB Assignment to AOT 

Figures 6-32 and 6-33 i l l u s t r a t e  t h e  number of MRB's asrigned 
to t h e  Alignment Opt ica l  Telescopa (JOT) ind iv idua l  AOT des ignat ion .  
The total MRBts per AOT is further  c l a s s i f i e d  i n t o  prime and 
carried-over c a t e g o r i e s .  FOr example : an ind iv idua l  hRB o r i g i n a l l y  
i n i t i a t e d  for AOT-LM (Learner Model) would b e  considered prima, 
whi l e  a l l  subsequent usage of t h e  MRB mater ia l  on o t h e r  AOT 'LP would 
be  c larrr i f ied  a8 carried-over.  
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6.7 SUMMARY OF PERIOD 1968 - 196.1 
6.7.1 Management 

6.7.3 .. 1 Personnel  and Organ iza t ion  

The o r g a n i z a t i o n  s t r u c t u r e  o f  t h e  Apollo/LM Program Q u a l i t y  
Assurance Group w i t h i n  t h e  Product  Assurance Department is shown 
i n  F i g u r e  6-34. 

The t o t a l  number o f  personnel  employed i n  t h e  Q u a l i t y  A s -  
s u r a n c e  S e c t i o n  f o r  t h i s -  r e p o r t i n g  p e r i o d  w a s  1 4 .  

6.7.2 Mi les tones  

The Product  Assurance q u a r t e r l y  p r e s e n t a t i o n  w a s  made to  AC 
as p a r t  of t h e  Apol lc  Programs p r e s e n t a t i o n s  on 7 May 1968. Pro-  
d u c t  Assurance r e p o r t e d  an open Apollo/LM F a i l u r e  Report s t a t u s  
r e q u i r i n q  Kollsman a c t i o n .  Immediate p r e v e n t a t i v e  a c t i o n  was taken  
i n  r e g a r d  to  the OUA S N  0 2 1  dog l i m i t  s t o p  f a i l u r e .  A q u a l i f i e d  
AOT manshade w a s  completed on AOT 604,  S N  10. The Non-Metallic 
Material s t u d y  w a s  completed dur ing  r=he p e r i o d .  Q u a l i f i e d  AOT de- 
s i g n  changes were completed on AOT 6 0 4 ,  S N  1 0 .  

6.7.3 Major Problems 

The s a f e  s h e l f  l i f e  of PN 1012156-4 motor tachometers  became 
a major area of concern t o  NASA. AC E l e c t r o n i c s  and Kollsman re- 
p r e s e n t a t i v e s  developed a proposa l  which was p r e s e n t e d  t o  NASA 
r e l a t i v e  to  t h e  aforementioned problem. O f  primary concern w a s  
t h e  j u s t i f i c a t i o n  of t h e  p r e s e n t l y  a s s i g n e d  two-year storage l i f e  
i n  O U A ' s .  The proposed p l a n  was to u t i l i z e  a v a i l a b l e  assets (parts  
which do n o t  comple te ly  conform to Block I1 requi rements )  to de- 
m o n s t r a t e  the a b i l i t y  of motor tachometers  w i t h  documented h i s -  
t o r i e s  t o  perform t h e  Apollo Miss ion ,  and to relate t h e  developed 
d a t a  to  s t o r a g e  l i f e  i n  terms o f  the age oC t h e  p a r t i c u l a r  u n i t s  
used. 

An OUA SXT Trunnion gear t r a i n  f a i l u r e  o c c u r r e d  a t  AC on AGE 
209, S / N  021. I n s p e c t i o n  of AGE 209 a t  Kollsman disclosed d i s s n -  
gagement o f  t h e  SXT Index Mir ror  s h a f t  from t h e  Trunnion gear. 
F a i l u r e  a n a l y s i s  r e v e a l e d  e x t e n s i v e  damage to  the gear t r a i n .  The 
cause o f  f a i l u r e  was a t t r i b u t e d  t o  r e p e a t e d  impact  o f  t h e  Index 
M i r r o r  a g a i n s t  the a b l a t i v e  cover  and/or l i m i t  stop f a i l u r e .  I n  
subsequent  t e s t i n g  on t h e  Learner  Module with t h r e e  sets of l i m i t  
s t o p s  s i m u l a t i n g  AGE 209 c o n d i t i o n s ,  Kollsman w a s  unable  t o  dup l i -  
c a t e  the f a i l u r e  a f t e r  9000 c y c l e s .  The l o c a t i o n  of t h e  a b l a t i v e  
cover ,  as assembled by AC, seemed a probable cause  o f  t h e  f a i l u r e .  
However, the i n v e s t i g a t i o n  cont inued.  



Figure 6-34. Product Assurance Functional Organization 
for ~pollo/LM Programs 
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During Kollsman s o u r c e  i n s p e c t i o n ,  t w o  S o l v e r e  motors f a i l e d  
the dielectr ic  r e s i s t a n c e  test . F a i l u r e  a n a l y s i s  performed a t  
S o l v e r e  r e v e a l e d  t h a t  t h e  motor  l e a d s  were b e i n g  p inched  by the 
rear b e a r i n g  b lock  l o c a t e d  near t h e  l e a d  e x i t  h o l e  i n  t h e  hous ing .  
F u r t h e r  i n v e s t i g a t i o n  r e v e a l e d  t h a t  t w o  o t h e r  motors e x p e r i e n c e d  
similar f a i l u r e s  a t  S o l v e r e  d u r i n g  p r i o r  i n - l i n e  p r o d u c t i o n  w i t h o u t  
i n fo rming  Kollsman.  Corrective ac t ion  was i n s t i t u t e d  by S ~ l v e ~ e .  
However, t h e  r e l i a b i l i t y  o f  the l o t  produced prior to  t h e  correc- 
t i v e  action was c u r r e n t l y  b e i n g  i n v e s t i g a t e d .  

6.7.4 Procurement  
- - 

6.7.4.1 Rece iv ing  I n s p e c t i o n  

MATERIAL RECEIVED. Of t h e  24,670 p a r t s  i n s p e c t e d  by the Re- 
c e i v i n g  I n s p e c t i o n  Department d u r i n g  the r e p o r t i n g  p e r i o d ,  6.9 
p e r c e n t  of t h e  p a r t s  were found t o  b e  nonconforming and were sub- 
s e q u e n t l y  d i s p o s i  t i o n e d  by 29 fo rmal  Material Review Board (MRB) 
actions. (See  T a b l e  6-69 f o r  a d d i t i o n a l  breakdown o f  material re- 
ceived. ) 

6.7.4.2 Material R e v i e w  Board 

MATERIAL REVIEW ACTIVITY. During the r e p o r t i n g  p e r i o d  Q u a l i t y  
Con t ro l  p r o c e s s e d  s i x t e e n  fo rmal  Board actions for  t h e  Command 
Module and t h i r t e e n  f o r  t h e  LM procurement  a c t i v i t y .  See  T a b l e  
6-70 f o r  a d d i t i o n a l  breakdown. 

MATERIAL REVIEW CORRECTIVE ACTION. T a b l e  6-71 d e l i n e a t e s  t h e  
Material R e v i e w  Corrective Ac t ion  S t a t u s  f o r  t h e  CM and LM. 

MATERIAL REVIEW DYSPOSITIONS. F i g u r e  6-35 d e l i n e a t e s  t h e  
Formal Board A c t i o n  a c t i v i t y ,  s e g r e g a t e d  i n t o  two d i s p o s i t i o n  
categories for t h e  reportins p e r i o d .  Return- to-supplier  and scrap 
material d ispos i t ions  are n o t  shown i n  t h i s  presentat ion.  

6.7.4.3 S u p p l i e r  A c t i v i t i e s  

ND 1015404 STATUS. The s t a t u s  o f  ND 1015404 requirements is  
listed i n  T a b l e  6-72. 

SUPPLIER SURVEILLANCE VISITS. S u r v e i l l a n c e  v i s i t s  were made 
t o  t h e  f o l l o w i n g  s u p p l i e r s :  

S o l v e r e  ( 2 )  March and A p r i l  

N e w  Hampshi-re Ball Bear ing  ( 2 )  A p r i l  and May 



TABLE 6-69 

MATERIAL RECEIVED 

COMMAND MODULE/LUNAR MODULE 

SHIPMENTS 

% SHIPMENTS 
PERIOD EVALUATED NONCONFORMING NONCONFORMING 

F i r s t  
P e r i o d  2 7 1  56 20.6% 
1968 ---- 
Second 
P e r i o d  165 40 24.2% 
1968 

Third 
P e r i o d  413  49 12.0% 
1568 . L 

PARTS 

INSPECTED 

5588 

NONCONFORMING 

4 1 1  

% PARTS 
NONCONFORMING 

7.4% 

9 342 

9740 

6 4 1  

522 

7.88 

5 .4% 



TABLE 6-7Q 

PROCUREMENT MATERIAL REVIEW ACTION 

COMMAND MODULE/LUNAR MODULE 

T o t a l  FBA's 
FBA Percentage = S h i p m e n t s  R e c e i v e d  

x 100% 

e f 

FORMAL BOARD ACTIONS 

FBA 
PERCENTAGE 

4 . 4 %  (Avg)  

2 . 4 %  (Avg) 

1 . 5 %  (Avg)  

SHIPMENTS 
RECEIVED 

2 71 

165 

413 

TOTAL 
PIECES 

86 

58 

1 8  

PERXOD CM LE/r 

F i r s t  
P e r i o d  3 9 

Second 
P e r i o d  2 2 

T h i r d  
Period 11 2 

TOTAL 
FBA 

1 2  

4 

1 3  
I 
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TABLE 6-71 

Material Review Corrective Action Status 
(Procured Material) 

r 

Shipment8 Received 

Formal Board Actions 

FBA Percentage 

Supplier Problem 
Con f erenccre 

A t  Kollsman 

A t  Supplier F a c i l i t i e s  

Telecon 

Written Request for 
Corrective Action 

Requested 

Received Reply 

Accepted Reply 

FIRST 
PERIOD 

2 71 

12 

4 , 4 %  

1 

2 

49 

4 

0 

0 

. 
SECOND 
PERIOD 

165 

1 3  

2,89 

1 

4 

61 

3 

2 

2 
-- 

m 

TH I RD 
PERIOD 

413 

4 

1 . 5 %  

0 

3 

58 

6 

3 

3 





KOLLSM~N INSTRUMENT CORPORATION 

Legend 
Rework llisposi tion 

I 

1-1 U s e  a s  in Dispos i t ion  

Figure 6-35. CM/LM Procured Material Review Dispos i t ions  
6-174 
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TABLE 6-72 

ND 1015404 Status 

COMMAND MODULE/LUNAR MODULE 

STATUS TO DATE 
s 

Suppliers Surveyed 

Approved 

Disapproved 
I 

Inspection Plans 

Approved 

Disapproved 
L 

Traceabi l i ty  Plans 

Approved 

In- Frocess 
.-. 

Crit ical  Process Agreement 

Approved 

In-Process 

Change Requests 

Accepted 

N o t  Accepted 

In-Process . 

a 

215 

6 3  

85 

0 . 

8 3  

0 

165 

0 

181 

29 

0 
a 
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6.7.5 F a b r i c a t i o n  

6.7.5.1 F a b r i c a t i o n  Ccr;t,rol 

PARTS/OPTICS INSPECTI3N AND TEST. During the r e p o r t i n g  period, 
2206 part6 were i n s p e c t e d .  One hundred fo r ty - seven  were rejected 
f o r  the average  re ject iom rate o f  4.7 pe rcen t .  (Table 6-73 repre-  
s e n t s  a f i n a l  summary f o r  Pa r t e /Opt i c s  F a b r i c a t i o n  - Inspec ted /  
Rejected. 1 

ASSEMBLY INSPECTION AND TEST. During r e p o r t i n g  p e r i o d ,  
2 89 8 a r s e m b l i e s  were i n s p e c t e d .  Fl f ty-seven as sembl ie s  were re- 
j e c t e d  for an average  r e j e c t i o n  rate of 1 .9  p e r c e n t .  

During t h e  second r e p o r t i n g  p e r i o d ,  801 assembl ies  were i n -  
spected, W e n t y - t h r e e  assembl ies  were re jected f o r  a four-month 
average  r e j e c t i o n  rate of 2 .8  pe rcen t .  (Table 6-74 r e p r e s e n t s  a 
f i n a l  summary f o r  Assembly F a b r i c a t i o n  - Inspected/Re j ec ted .  ) 

6.7.5.2 Material Review Board 

MATERIAL REVIEW ACTIVITY. Q u a l i t y  Con t ro l  processed 46 Fsrmai 
Board Act ions  (FBA) f o r  t h e  in-house s e c t i o n  o f  t h o  Material Re-  
view Board (MRB) d u r i n g  the per iod .  See Table  6-75 f o r  breakdown 
of M R B g s  for CM and LM. 

MATERIAL REVIEW CORRECTIVE ACTION. QC i n v e s t i g a t e d  t h e  cause  
o f  the noncorifonnance c o n t r i b u t i n g  t o  t h e  FBAgs processed  du~!.ng 
the report period. C o r r e c t i v e  a c t i o n  w a s  i n i t i a t e d  by QC to  Ere- 
c l u d e  r e c u r r e n c e  o f  t h e  noncorr fonnances . 

MATERIAL REVIEW DISPOSITION. QC processed t h e  noncon f ormirig 
m a t e r i a l  i n t o  t w o  c a t e g o r i e s  o f  d i s p o s i t i o n ,  a s  i l l u s t r a t e d  i n  
F i g u r e  6- 36. Return- to-suppl ie r  and s c r a p  material d i s p o s i t i o n s  
a r e  n o t  shown i n  t h i s  p r e s e n t a t i o n .  

6 , 7 . 5 , 3  M R B  Assignment t o  OUA 

Figure  6-37 i l l u s t r a t e s  t he  number of MRB's a s s i g n e d  t o  t h e  
o p t i c a l  u n i t  assembly by AGE d e s i g n a t i o n .  The t o t a l  MRB's per AGE 
is f u r t h e r  c l a s s i f i e d  i n t o . p r i m e  and c a r r i e d - o v e r  categories. For 
example ; an i n d i v i d u a l  MRB o r i g i n a l l y  i n i t i a t e d  for AGE-LM 
(Learner  Model) would be cons ide red  prime, w h i l e  a l l  subsequent  
usage o f  the MRB material on o t h e r  AGE-OUAgs would be c l a s s i f i e d  
as caxr ied-over .  The o r i g i n  of t h e  M R E  i n i t i a t i o n  is also pre-  
s e n  ted  as Kollsman (in-house a c t i v i t y  ) or  S u p p l i e r  (nonconforming 
procured  material) . 
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TABLE 6-73 

COMMAND MODULE/LUNAR MODULE 

PARTS/OPTICS FABRICATION - INSPECTED/REJECTED 

TABLE 6-74 

PERIOD 

First 
Period 

Second 
Period 

Third 
Period 

COMMAND MODULE/LUNAR MODULE 

ASSEMBLY FABRICATION - INSPECTED/REJECTED 

1 

ASSEMBLY ASSEMBLY TREND INDICATOR 
UNITS UNITS (RELATIONSHIP & TO 

PERIOD INSPECTED REJECTED PREVIOUS MONTH) 

Fi, rs t 
Period 106 3 20 1.9% (Avg) 

Second 801 I 

Period 23 2.8% (Avg) 

I '::Ed / 1034 1 14 1.1% (Avg) 

- 

INSPECTED 

PARTS 

1148 

1318 

740 

TREND INDICATOR 
(RELATIONSHIP f TO 
PREVIOUS MONTH) 

4.1% (Avg) 

3.7% (Avg) 

6 .8% (Avg) 

OPTICS 

- 

- 

- 

REJECTED 

PARTS 

47 

50 

50 

OPTICS 

.I 

- 
-. 

- 



TABLE 6-75 

In-House Material Review Act ion  

COMMAND MODULE/LUNAR MODULE 

Total FBA's 
Percentage = T o t a l  I n s p e c t i o n s  x 100% 

FBA = Fonnal Board Act ion  

r 

FORMAL BOARD ACTIONS 

PERIOD 

F i  rs t 
Period 

Second 
Period 

Third 
Per iod  

FBA 
PERCENTAGE 

1.3% 
- 

2.6% 
~- -- 

INSPECTIONS 

CM 

3 

14 

0 

ASSEMBLY 

350 

82 3 

1205 

TOTAL 

1350 

82 3 

1505 

LM 

1 5  

8 

6 

TOTAL 

18 

22 

6 
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No. 0; 
Formal 8 
Board 20 
Actions ? 

No. of 
Formal 
Board 
Actions 

CM (OUA) 

Legend 
le/= Rework Disposition 
1-1 Use as in Disposition 

Figure 6- 36.  Disposi t ion of Nonconforming 
Material (CM and LM) (Page 1 of 2)  
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BLOCK P OUA MRB ASSlGNllAENi VS AGE 

Figure 6-37. MRB Assignment to OUA (CM) 
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6.7.5.4 MRB Assignment to  AOT 

F i g u r e s  6-38 and 6-39 i l l u s t r a t e  the number o f  MRB's ass igned  
to  the Alignment O p t i c a l  Telescope (AOT) i n d i v i d u a l  AOT d e s i g n a t i o n .  
The total  MRB's p e r  AOT is f u r t h e r  c l a s s i f i e d  i n t o  prime and car -  
r ied-over  categories. For example: an  i n d i v i d u a l  MRB o r i g i n a l l y  
i n i t i a t e d  f o r  AOT-LM (Learner  Model) would be cons ide red  prime, 
w h i l e  a l l  subsequent  usage o f  t h e  M R B  material on o t h e r  A O T 1 s  
would be c l a s s i f i e d  as ca r r i ed -over .  The o r i g i n  of t h e  MRB i n i -  
t i a t i o n  ie also p r e s e n t e d  as Kollsman (in-house a c t i v i t y )  or  sup- 
pl ier  (nonconforming procured  m a t e r i a l )  . 
6.7.5.5 Rangefinder 

A s i g n i f i c a n t  mi le s tone  of performance i n  t h e  e a r l y  pa r t  o f  
1 9 6 9  was Q u a l i t y  Assurance 's  p a r t i c i p a t i o n  i n  t h e  Apol lo  Range- 
f i n d e r  Program. L a t e  i n  November 1968, a f t e r  t h e  Apol lo  7 f l i g h t ,  
NASA de te rmined  t h a t  a f l i g h  t - q u a l i  f i ed  Optical Ranqef i n d e r  was 
r e q u i r e d  f o r  t h e :  rendezvous of  t h e  Apol lo  9 Command Module and LM. 
Kollsman immediately i n i t i a t e d  work on t h i s  proqram p r i o r  t o  the h d '  

receipt of fo rmal  d i r e c t i o n .  S t a r t i n g  work d u r i n q  the last week 
&E November, 1968, a p ro to type  w a s  d e l i v e r e d  1 7  January  1969, t h e  
q u a l i f i c a t i o n  u n i t  on 24 January ,  t h e  f l i g h t  u n i t  on 30 January ,  
t h e  f l i g h t  backup u n i t  on 7 February. Q u a l i f i c a t i o n s  tests were 
completed on 1 3  February 1969, a l l  ahead of schedule .  

Much of t h e  s u c e s s  of t h i s  proqram can  be a t t r i b u t e d  t o  t h e  
around-the-clock s u p p o r t  t h a t  was !;rovided by Q u a l i t y  Assurance. 
Special hand l ing ,  s u r v e i l l a n c e  and c o n t r o l  were t h e  keys t h a t  
ensured t h e  maintance o f  Apollo C l a s s  A i n t e q r i t y  on t h e  e x p e d i t e  
program. 

The s p e c i a l  "Astroneat" award, presented by AC E l e c t r o n i c s  
to a msmber o f  t h e  group for i t s  e f f o r t s  on t h e  p r o j e c t ,  hiqh- 
l i g h t e d  t h e  group ' s  achievement. 



LM MRB ASSIGNMENT VS AOT 
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Figure 6-38. Prime M R B  Assignment tc AOT (LM) 
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Figure 6-39. Carried-over MRB Assignment to AOT (IN) 
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Section 7 

DOCUMENTATION 

7.1 SUMMARY OF YEAR ENDING DECEMBER 31, 1962 

7.1.1 Program Effort 

Documentation requirements in ger~eral consisted of the genera- 
tion, distribution and preservation of all project information for 
the life of the Apollo Project, 

7.1.2 Assignments - 
During the period of this report one TD was completed: one 

was partially completed and four new TD's were assigned, Briefly, 
documerrtation areas of effort encompassed by the above TD's were 
Documentation Plan (Complete); Coordination of Documentation 
Schedules (partially complete); Implementation cf Documentation 
Organization; Initiation of Progress and Status Reports; Preparation 
of a Familiarization Manual; and preparation of Procurement Documents, 
Detailed comments in each of these areas appears below: 

Documentation Plan (TD-K-6) - Formulation of the overail plan 
was completed, Forn.,..l.ation of detailed responsibilities and pro- 
cedures within this broad outline continued under TD-K-23, 

Documentation Coordination (TD-K-17) - The family tree drawing 
for the initial design concept of the Optical Subsystem was prepared 
and submitted, and scheduling of documents along these lines was 
completed, Revision of these documents to reflect curre:?t Optical 
Subsystem design concepts was deferred pending receipt of more 
complete information. 

Documentation Organization (TD-K-23) - Definition of detailed 
responsibilities for documentation personnel was commenced, manpower 
requirements to effect necessary coordination; controls; and prep- 
aration of required documents were established, 

Technical Data cnginesring duties were established, anJ a 
documentation engineer was adcied to documentation staff, The 
Technical Data Engineer is responsible to the Chief of Documents in 
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al?. t e c h n i c a l  matters, Primary areas o f  r e s p o n s i b i l i t y  i n c l u d e  
P r o d u c e a b i l i t y ,  R e l i a b i l i t y ,  Q u a l i t y  C o n t r o l  Review Board a c t i v i t i e s ;  
i n t e r n a l  change C o n t r o l  Board; drawing c o n t r o l ;  and t e c h n i c a l  re- 
c o r d s ,  

Equipment r e q u i r e m e n t s  t o  operate w i t h  35mm a p e r t u r e  c a r d s  
were e s t a b l i s h e d  and procurement  o f  t h i s  equipment  i n i t i a t e d .  

Program P r o g r e s s  and S t a t u s  Reports (TD-K-26) 
I T h i s  TD was r e c e i v e d  d u r i n g  t h i s  r e p o r t  period. T e c h n i c a l  

p r o g r e s s  r e p o r t s ,  b o t h  monthly and q u a r t e r l y  were implemented. 

Separate R e l i a b i l i t y  and Q u a l i t y  C o n t r o l  r e p o r t i n g  was imple- 
mented, I n i t i a l  reports i n  each  of t h e s e  a r e a s  were commenced, 

P h o t o g r a p h i c  cove rage ,  bo th  s t i l l  and motion p i c t u r e s  w a s  
p lanned .  

E x p l o r a t o r y  t a l k s  w i t h  motion p i c t u r e  p r o d u c e r s  i n d i c a t e d  t h e  
p a r t i c u l a r l y  wide l a t i t , u d e  o f  i n t e r p r e t a t i o n s  possible w i t h  t h e  
r e q u i r e m e n t s  c o n t a i n e d  i n  t h i s  TD. Kollsman t h e r e f o r e  c o n d i t i o n e d  
i t s  a c c e p t a n c e  o f  t h i s  e f f o r t  under  TD K-26. These  c o n d i t i o n s  were 
appended to  t h e  Ti; i n  t h e  form o f  a work s t a t e m e n t ;  and t h i s  work 
s t a t e m e n t  was t h e  basis on  which Kollsman s u b c o n t r a c t e d  t h e  w o r k ,  w 

F a m i l i a r i z a t i o n  Manual (TD-K-29) - Work under  t h i s  TD commenced, 
The f i r s t  d r a f t  o f  t h e  t e x t  was app rox ima te ly  50% complete a t  t h e  
e n d  o f  t h i s  p e r i o d ,  

Process and C o n t r o l  S p e c i f i c a t i o n s  - (Pu rchase  and I n s p e c t i o n  
Documents) (TD-K-31) . T h i s  TD w a s  received and p r e p a r a t i o n  of 
s p e c i f i c a t i o n s  a u t h o r i z e d  by t h i s  T D  was d e f e r r e d  pending  receipt 
of i n f o n n a t i o r ~  c o n c e r n i n g  t h e  d e s i g n  change i n  Opt ica l  Subsystem, 
Necessary d e s i g n  data was r e c e i v e d  n e a r  t h e  end of t h e  y e a r ,  and  
p r e p a r a t i o n  o f  t h e s e  documents began d u r i n g  t h e  f o l l o w i n g  y e a r .  

7 . 2  SUMMARY OF YEAR E N D I N G  DECEMBER 31, 1963 

7,2,1 Assignments  .‘ I 

T.D. K-17 Documentation 
T , D ,  K-23 Documentation A d m i n i s t r a t i o n  
T , D .  K-25 Process S p e c i f i c a t i o n  
T , D ,  K-26 Program Progress & S t a t u s  Repor t i ng  
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T,D. K-27 Familiarization Manual 

T,D,  K-31 Preparation of Documents 

T.D, K-46 Familiarization Manual 

T,D. K-50 Maintenance t Repair Manuals 

T,D. K-58 Factory Test Plans 

T,D. K-95 Maintenance 6 Repair Manuals 

T.D. K-112 Motion Picture Progress Report 

7.2.2 Accomplishments 

7,2,2.1 Command Module Documentation 

T,D. K-17 Specification Family Trees were updated, Task was 
completed by June 1963, 

T.D, K-23 Documentation Administration daily effort to comply 
to this T,D,K, was on a continual basis especially the administration 
monitoring and controlling of all MIT and internal documents, 

The Documentation Manual which included Spec 6 Drawing control 
procedures was finalized. 

The manual defined prccedures by which all publications both 
incoming and outgoing were routed, 

Manufacturing releases to Production Control were included 
therein, 

A government drawing and specification file for the Apollo 
program; including NASA, AN, MS drawings, ND and MIL specifications 
was instituted, 

T.D, K-25 Effort completed 6 TD closed first period of 1963. 

T,D. K-26 Documentations progress and status reporting was 
prepared as scheduled, The motion picture and still picture portion 
of this direction was revised to agree with the new work statements, 

T.D. K-27 Effort completed and TD closed. 

T. D. K- 31 Preparation of Process and Material Spacif i.catiolr~s 
proceded on schedule. 
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Spel.s i n  p r e p a r a t i o n  a t  t h i s  t i m e  inc luded:  

Weight, Ch?nter of Gravi ty  and Moments o f  I n e r t i a  
Performance and I n t e r f a c e  

Purchase Specs. 

T. D, K-4;6  F a m i l i a r i z a t i o n  Manual r e v i s i o n  was started and 
completed t h i s  y e a r ,  

I 

T.D. K-50 Maintenance and Repair  manuals were begun in mid 
1963. One w r i t o r  was ass igned  a t  t h a t  t i m e .  

Three  Check Out,  Maintenance and Repai r  Manuals were started, 
cover ing  t h e  O p t i c a l  Unit  MDV and GSE. The GBE manual inc luded  
coverage of  t h e  P r e c i s i o n  T e s t  F i x t u r e ,  MDV Tester and composite 
GSE equipment,  J o b  Desc r ip t ion  Cards which were i n c o r p o r a t e d  i n  
t h e s e  manuals were prepared .  

The Collowing a n a l y t i c a l  r e p o r t s  were submi t ted  d u r i n g  t h i s  
yea r .  

R e ~ o r t  Number 

P re l imina ry  Report  

Cross Product  V e l o c i t y  S t e e r i n g  Loop - 
" L i m i t  Cycle  Ana lys i sw 
"C. D. U. A n a l y s i s w  
Rendezvous V i s i b i l i t y  Problem - 
"Pyro techn ic  F l a s h  Cartridge Ckarac te r -  
istics" 

Rendezvous V i s i b i l i t y  Problem - nNarrow 
Band Opt ica l  Transmiss ion F i l t e r s "  
Rendezvous V i s i b i l i t y  Problem - "The 
Steady L i g h t  Equ iva len t  of F l a s h i n g  
Lj-ghts" 

"LM Telescope Designn 
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The f o l l o w i n q  i s  a l i s t i n g  o f  documents  q c n e r a t e d  and rc l l cased  
by documen ta t i on  d u r i n g  t h e  year 1963.  

a 1 ND1002098 " F i n i s h  o f  FT and  CSk; Release Class  13 TDRR 05002 
u sed  i n  C l ean  Iloom" 

b) ND1002078 "Machining S t a n d a r d s "  C l a s s  A release unde r  
TDRR 04657 c a l l i n g  f o r  
u s e  of i n  house  s tandards  
( K I N  1002A,2) and NPC 
200-2, 

C )  ND1002079 "Burrs" C l a s s  A release unde r  
1'I)RIt 04658 c a l l i n q  f o r  u s e  
of i n  house s t a n d a r d s  
(KES l002D. 3) and NPC 
200-2, 

d ) N91002083 " S o l v e n t  C l e a n i n g "  Cance l  l e d  

e ) ?ID1002128 "Indium F o i l H  Changed t o  SCD 1011777 

f )  ND10C2091 " A p p l i c a t i o n  o f  
Luxorb" 

Re l ea sed  C l a s s  A TDRR 
05501 w i t h  SCD 1011778 
and  1011779, 

g )  NPl.002099 " C l e a n i n g  o f  Copper  Released  C l a s s  A TDRR 
and Copper A l l o y s "  05500. 

h ) ND1002125 "Beryllium Shapes" Released  Class A TDRR 
05003, 

i 1 ND1002215 "Packaging Spec" Was r e t u r n e d  t o  MIT/IL 
for a c c e p t a n c e  on  29 
November, No release 
to d a t e .  

j) ND1002127 "Black  Anodiz ing  of Released Class A TDRR 
~ e r y l l i u m :  05004. 

k ) ND1002096 "C lean ing  of O p t i c a l  C a n c e l l e d  
Elements" 

Major e f f o r t s  were c o n t i n u i n g  on p r e p a r a t i o n  of t h e  series o f  
other s p e c i f i c a t i o n s  r e q u i r e d  on t h e  program,  The s t a t u s  of t h e s e  
documents, a t  t h e  c o n c l u s i o n  o f  this r e p o r t i n g  period is f u r n i s h e d  
i n  T a b l e  7-1, 
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TABLE 7-1  APOLLO SPCCIFICATION STATUS 

O p t i c a l  U n i t  N o .  T i t l e  S t a t u s  

FTP 1011000 

FTM 1011000 

O p t i c a l  Subsys tem 

O p t i c a l  Subsys tem To  MIT - 11/19/63 
R e s u b m i t t e d  1/2/64 

ATP 1011704 

t 
ATP 1011889 

S h a f t . ,  Axis  Assv,SXT 

O p t i c a l  U n i t  Subassy  
S t a q e  I 

ATP 1011890 O p t i c a l  U n i t  Subassy .  
S t a g e  XI 

I n  F i n a l  Review 

ATP 1011891 O p t i c a l  Unit Subassy .  
S t a g e  X I 1  

I n  F i n a l  Review 

ATP 1011153 

ATP 1011197 

P r i s m  Assy. of Dove To MIT - 11/20/63 

T o  MIT - 10/11/63 Dove P r i s m  and  Mount 
Assy , 

ATP 1011712 I n d e x i n g  Mirror and  
Mount A s s  y . TO MIT - 10/24/63 

ATP 1011724 I n n e r  T e l .  Tube Assy. To MIT - 1st week 
J a n u a r y  

ATP 1011722 

ATP 1011701 

ATP 1011792 

O u t e r  T e l ,  Tube Assy. 

I n d e x  Head Assy . , SXT 

Relay  Lens Assy. ,  SCT 

To MIT - 11/20/63 

T o  MIT - 11/20/63 

T o  NIT - 1st week 
i n  J a n u a r y  

C p t i c a l  U n i t  
( F i n a l  Assy. ) 

To MIT - 1st week 
i n  J a n u a r y  

FTP 1011559 

FTPI 1011559 

PS 1011559 

PS 1011483 

Map and Data V i e w e r  I n  p r e p a r a t i o n  

To MIT - 11/1/63 

I n  F i n a l  Review 

Map and  Data V i e w e r  

Map and  Data V i e w e r  

Amp. and Sw. U n i t ,  
Assy. o f  

I n  p r e p a r a t i o n  

ATP 1011486 Amp. and Sw. Module 
(Be fare E n c a p s u l a t i o n )  

I n  p r e p a r a t i o n  

PS 1011420 C a r t r i d g e  Assy. 

ATP 1011430 G e a r  Box Assy. 

PS 1011430 Gear Box Assy. 

PS 1011420 C a r t l i d g e  Assy. 

I n  p r e p a r a t i o n  

I n  p r e p a r a t i o n  

Tn p r e p a r a t i o n  

I n  p r e p a r a t i o n  

ATP 1011559 Map and Data V i e w e r  I n  F i n a l  Review 
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TABLE 7-1 APOLLO SPECIFICATIObi  STATUS (Cont . )  

Ground S u p p o r t  
Equipment  N o ,  T i t l e  

PS 

PS 

PS 
PS 

PS 

FTM 

FTM 

FTM 

FTM 
FTM 

FTM 1016952 

S h i p p i n g  
S p e c i  f i c a t i o n s  

S h o r t  P e r i s c o p e  

P r e c i s i o n  T e s t  F i x t u r e  

MDV Tester 

F u n c t i o n a l  Tester 

A l ign .  Mirror Assy,  

S h o r t  P e r i s c o p e  

P r e c i s i o n  T e s t  F i x t u r e  

MDV Tester 

F u n c t i o n a l  Tester 

Alignment  Mirror 
Assembly 
S h o r t  P e r i s c o p e  
Assembly F i x t u r e  

S h a f t  Accuracy Tester 

S t a t u s  

Re l ea sed  Class  B 

Released Class B 

Released Class B 

R e l e a s e d  Class B 

Released C l a s s  B 

TO MIT - 11/2/63 

I n  F i n a l  Review 

I n  F i n a l  Review 
I n  F i n a l  Review 

I n  F i n a l  Review 

T o  MIT - 11/2/63 

I n  F i n a l  Review 

T i t l e  S t a t u s  

S h o r t  Periscope F i n a l  Review 

P r e c i s i o n  T e s t  F i x t ,  F i n a l  Review 

MDV Tester F i n a l  Review 

MDV Tester Stand F i n a l  Review 
F u n c t i o n a l  Tester 

Alignment  Mirror 
Assembly 
S h o r t  P e r i s c o p e  
Al ignment  F i x t u r e  

F i n a l  R e v i e w  

I n  p r e p a r a t i o n  

F i n a l  Review 



KOLLSMAN INSTRUMENT CORPORATION 

Assignment 

TD K-4L Documentation 

Accomplishments 

The requirements of Documentation for the Apollo LM program 
I were reviewed with a view toward establishing similar controls for 

this effort as for Command Module, Preliminary outlines were formu- 
lated f o ~  preparation of the Documentation Plan, Reliability Plan, 
Progress Reports and other documents required early in this program. 

' I .  3 SUMMARY OF YEAR ENDING DECEMBER 31, 1964 

7,3,1 Assisnments 

TD K-2L Internal Engineering 

' TD K-3L Project Management 

TD K-4L Documentation 

TD K-23 Documentation Administration 

TD K-26 Program Progress Reports 

TD K-31 Interface, Purchasing, Process and Material Specs 

TD K-58 Factory Test Plans 

TD K-95 Maintenance t Repair Manuals 

TD K-112 Motion Picture Program Report 

TD K-131 G . S . E .  Documentation 

7.3.2 Accomplishments 

The preparation and submittal of the LM Design Concept Report 

was accomplished in January. No further effort was expended on 

TD's K-ZL, K-3L, and K-4L beyond 31 January 1964. 

TD K-23 - Documentation Administration - Continuing liaison 

was maintained with AC ED on the documentation requirements for 
Block XI and LM. 
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TD K-26 - Program P r o g r e s s  Reports - T h e  p r o g r e s s  reports 
were per s c h e d u l e  o n  t h e  program. S e p a r a t e  reports were prepared 
f o r  C/M, LM, C/M ~ c l i a b i l i t y  and C/M Q u a l i t y  A s s u r a n c e .  

I 
TD K-131 - Chec i . au t  Main tenance  and R e p a i r  Manuals - The 

Checkou t ,  M a i n t e n a n c e  and ~ e p a i r  Manual f o r  th-cop- U n i t  
(ND 1021067)  was p u b l i s h e d  as a Type I document and  d i s t r i b u t e d  p e r  

NASA i n s t r u c t i o n s .  

The Checkou t ,  Main tenance  and Repair  Manual f o r  t h e  Map and 
I Data V i e w e r  (ND 1021069)  w a s  s u b m i t t e d  t o  P4IT/IL f o r  f i n a l  r e v i e w  

and CCB release d u r i n g  August .  

The Checkou t ,  Main tenance  and  R e p a i r  Manuals f o r  t h c  F u n c t i o n a l  
Tester ( N D  1021068)  and  t h e  P r e c i s i o n  T e s t  F i x t u r e  ( N D  1021070)  were 
a p p r o v e d ,  p u b l i s h e d  as Type I documents  and  d i s t r i b u t e d  i n  a c c o r d -  
a n c e  w i t h  NASA i n s t r u c t i o n s .  

The Checkout  Main tenance  and  Hcpair Manual f o r  t h e  Map and Data 
V i e w e r  Tester ( N D  1021071)  w a s  p u b l i s h e d  as a Type I document and 
d i s t r i b u t e d  i n  a c c o r d a n c e  w i t h  NASA i n s t r u c t i o n s .  

The p r e l i m i n a r y  Cneckou t ,  Main tenance  and  Repair Manual f o r  
b2 i sce l l aneous  GSE for t h e  O p t i c a l  U n i t  (ND 1021066)  was r e w r i t t e n  
by K I .  

The e f f o r t  o n  TD-K 1 3 1  w a s  completed i n  December 1 9 6 4 .  

T D  K-31 - S p e c i f i c a t i o n s  - E f f o r t s  o n  t h e  p r e p a r a t i o n  o f  test  
s p e c i F i c a t i o n s  f o r  t h e  Block I e q u i p m e n t  c o n t i n u e d ,  based upon need  

1 
for r e v i s i o n s  as t h e y  o c c u r r e d .  The s t a t u s  o f  t h e s e  documents  i s  
f u r n i s h e d  i n  Table 7-2. 

A m e e t i n g  w a s  h e l d  o n  3 December 1964 a t  MIT/IL t o  d i s c u s s  a 
new p r o c u r e m e n t  s p e c i f i c a t i o n  p o l i c y  and  d e t e r m i n e  t h e  l eve l  of 
d o c u m e n t a t i o n .  I t  was r e q u e s t e d  by NASA/RASPO t h a t  a r e v i e w  be 
c o n d u c t e d  by e a c h  p a r t i c i p a t i n q  c o n t r a c t o r  o f  a h 1  Spares and  t h a t  
a d o c u m e n t a t i o n  p r o c u r e m e n t  l e v e l  be e s t a b l i s h e d  f o r  e a c h  i t e m .  
A c c o r d i n g l y ,  K I  s u b m i t t e d  t h e  r e q u i r e d  i n f o r m a t i o n  on 1 8  December 
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TABLE 7-2,  APOLLO SPECIFICATIONS PREiPARLD 
AND SUBMITTED TO NASA 

Opti.ca1 U n i t  No, 

FTP 1011000 

FTM 1011080 

ATP 

ATP 

ATP 

ATP 

ATP 

ATP 

ATP 

ATP 

ATP 

ATP 

ATP 

ATP 

Map and Data 
V i e w e r  N o .  

FTP 1011559 

FTM 1011559 

FTM 1012136 

ATP 1012136 

ATP 1014630 

ATP 1011559 

WTP 1011483 

A T  1011420 

ATY 1011430 

AT9 1012200 

T i t l e  

Op t i ca l  Subsystem 

O p t i c a l  Subsystem 

S h a f t ,  Axis Assembly SXT 

O p t i c a l  U n i t  Subassembly S t a g e  I 

O p t i c 2 1  U n i t  Subassembly S t a g e  I1 

O p t i c a l  U n i t  Subassembly S t a g e  111 

Dover Pr i sm,  Assy, of 

Dove P r i sm and Mount Assembly 

Index ing  Mirror and Mount Assy, 

I n n e r  T e l ,  Tube Assembly 

O u t e r  T e l .  Tube Assembly 

Index  Head Assembly, SCT 

Relay Lens Assembly, SCT 

O p t i c a l  U n i t  ( F i n a l  Assembly) 

Map and Data V i e w e r  

Map and Data V i e w e r  

Map and Data V i e w e r  

Map and Data V i e w e r  

Amp. & Sw. Module, I n s e p a r a b l e ,  
Assy, o f  

Map and Data V i e w e r  

Amp. and Sw. Assy. o f  

Magazine Assembly 

Gearbox Assembly 

Gearbox Assembly 
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Map and  Data 
V i e w e r  N o .  

ATP 1011486 

ATP 1011478 

ATP 1011479 

Ground S u p p o r t  
Equipment N o .  

TABLE 7-2 APOLLO SPECIFICATIONS PREPARED 
AND SUBMITTED TO NASA (Cont . )  

PS 1016911 

PS 1016910 

PS 1016948 

PS 1016949 

PS 1016951 

FTM 1016911 

FTM 1016910 

FTM 1016948 

FTM 1016949 

FTM 1016951 

PS 1019769 6 FTM 

PS 1017383 

FTM 1017383 

PS 1017382 

FTM 1017382 

PS 1017380 6 FTM 

PS 1017381 & FTM 

PS 1017447 & FTM 

T i t l e  

Wafer and Component, Assy. o f  
(Be fo re  e n c a p s u l a t i o n )  

Amp. & Sw. Module, Assy. o f  

Amp. & Sw. U n i t ,  Assy. 
(Be fo re  e n c a p s u l a t i o n )  

S h o r t  P e r i s c o p e  

P r e z i s i o n  T e s t  F i x t u r e  

MDV T e s t e r  

F u n c t i o n a l  T e s t e r  

Alignment  Mirror Assembly 

S h o r t  P e r i s c o p e  

P r e c i s i o n  T e s t  F i x t u r e  

MDV T e s t e r  

F u n c t i o n a l  T e s t e r  

Alignment  Mirror Assy. 

F i n a l  S h a f t  Accuracy T e s t e r  

G & N I n s t a l l .  Qua l .  F i x t u r e  

G 6 N I n s t a l l .  Q u a l .  F i x t u r e  

Azimuth Re fe rence  F i x t u r e  

Azimuth Re fe rence  F i x t u r e  

A u t o c o l l i m a t o r  P l a t e  Assembly ( 0 ' )  

A u t o c o l l i m a t o r  P l a t e  Assembly (4S0 ) 

T h e o d o l i t e  and S u p p o r t  Assembly 
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Ground Suppor t  
E a u i ~ m e n t  N o ,  

TABLE 7-2, APOLLO SPECIFICATIONS PREPARED 
AND SUBMITTED TO NASA (Cant.) 

PS 1019758 & FTM 

t PS 1017376 & FTM 

PS i017377 61 FTM 

PS 1019837 & FllM 

PS 1019840 

FTM 1019840 

Procurement  Specs  
Fo r  S p a r e s  

S h i p p i n g  C o n t a i n e r s  
Number 

FTM 1019720 

FTM 1019721 

PS 1019721 

T i t l e  

T o o l i n g  Bar Assembly 

V a r i a b l e  Deviation Wedge 

A d  j u s t a b l e  Mirror Assembly 

P o r t a b l e  L i g h t  Assembly 

R e t r o r e f l e c t i n g  Pr i sm 

R e t r o r e f  l e c t i n g  Pr i sm 

Index ing  Mirror and Mount 
Assembly SXT Head 

Dove P r i sm and Mount, Assy, o f  

O p t i c a l  U n i t ,  Nav Base Sh ipp ing  
C o n t a i n e r  

O p t i c a l  U n i t ,  Nav Base Sh ipp ing  
C o n t a i n e r  

MDV S h i p p i n g  Conta iner  
MDV S h i p p i n g  C o n t a i n e r  
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TD K-58 F a c t o r y  T e s t  P lans  - Approval o f  t h e  Fac to ry  Test P l a n  
c o v e r i n g  t h e  O p t i c a l  Uni t  and Che Map a n  Data V i e w e r  was r e c e i v e d  
from M I T / I L  i n  J u l y .  F i n a l  p u b l i c a t i o n  was completed and d is t r i -  
b u t i o n  was made i n  August. 

7.4 SUMMARY OF YEAR ENDING DECEMDER 31, 1965 

7.4.1 Assiqnments 

TD K-23 Documentation A d m i n i s t r a t i o n  

TD K-26 Program Progress Repor t s  

T D  K-31 I n t e r f a c e ,  Pu rchas ing ,  Process & M a t e r i a l  

Specs .  

TD K-58 F a c t o r y  T e s t  P l ans  

T D  K-95 Maintenance 6 Repair  Manuals 

TD K-112 Motion P i c t u r e  Progress Repor t  

7.4.2 Accomplishments 

C o n t r a c t u a l l y  r e q u i r e d  s c h e d u l e s  f o r ,  s p e c i f i c a t i o n s ,  r e p o r t s  
and  manuals w e r e  m a i n t a i n e d  w i t h  on-time d e l i v e r y  as shown i n  t h e  
a t t a c h e d  m i l e s t o n e  c h a r t s .  

7.4.2. 1 Black I (OUA) - 
The major documentat ion r e q a i r e m e n t s  were completed.  All 

equipment  s p e c i f i c a t i o n s ,  manuals and r e p o r t s  were released p e r  
c o n t r a c t .  

7.4.2.2 Block II (OUA) 

A l l  s p e c i f i c a t i o n s ,  manuals ,  r e p o r t s ,  etc.  r e q u i r e d  d u r i n g  t h e  
y e a r  1965 were s u b m i t t e d ,  . and  where r e q u i r e d ,  approved.  

M i l e s t o n e  c h a r t s  (Figures 7-1 th rough  7-5) l ist  a l l  r e p o r t a b l e  
data i t e m s ,  e a c h  i t e m  i s  i d e n t i f i e d  by i t s  S.O.W. pa rag raph  r e f e r -  
enze number. 
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Also included (Figure 7-61 is the Specification Family Tree 
for the Optical Unit Assembly 2011000-031 configuration, 

Individual specification and procedure accomplishments for the 
year are depicted in graph form in Figures 7-8 through 7-11. 

7.4.2.3 LM Documentation 

1. Specifications Specifications for the LM effort were 
completed and accepted. LM spec. family tree is shown in Figure 

2 . Manuals LM manual efforts were approximately 80 percent 
complete and on an "on hold" status by contractual directive. 

3, Reports Reports were completed and submitted as required 
during the year, 

7.4.2.4 BLOCK I1 OUA &I LEM Acceptance Data Package (ADP) and 
Retrofit Instruction Bulletin (RIB) Status. 

ADP'S in accordance with para, 7.4 and RIB'S in accordance with 
para. 4.6 of Block I1 SOW are shown in graph form in Figure 7-1. 

7.5 SUMMARY OF YEAR ENDING DECEMBER 31, 1966 

7.5.1 Assignments 

TD K-23 Documentation Administration 

TD K-26 Program Progress Reports 

TD K-31 Interface, Purchasing, Process & Material Specs 

TD K-58 Factory Test Plans 

TD K-95 Maintenance & Repair Manuals 

7.5.2 Accomplishments 

7.5.2.1 Documentation Administration: Documentation schedules 
were maintained in support of the CM effort. Acceptance Data 
Packages were provided-with each unit delivered during this period. 



Figure 7-6.  Block I1 Spec i f i cat ion ,  Family Tree 
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F i g u r e  7-7. LM Specification Family Tree 
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NEW PSts 10 
- - - - -  REVISION TO PS1s 19 
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Feb to M& June July Sept 0it Nov Dec 
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Figure 7-8.  Procurement Specification Workload 
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TOTALS 

RELEASED 115 
REVISED 131 

RELEASED - - - -  REVISED 

Figure 7-9. Block II/LM, 
Internal Specification Status  



KOLLSMAN INSTRUMENT CORPORATION 

BLK 

MANUALS TEXT MANUALS JDC ' S 

ACTUAL - - - - PROJECTED 

Figure 7-10. Block  XI, Manual Revision Status 
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Figure 7-11. ADP and RIB Status 
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7.5.2.2 Block I1 

SPECIFICATIONS: All specifications were completed and accepted. 
~hese~documents were then revised and/or modified in accordance with 
specific ECP ' s and TDRR' s . specifications and related procedures 
were prepared for all Block I1 Configurations of the OUA. 

MANUALS: All manuals inputs to AC were approved during the 
reporting year. All text, artwork and reference to tracker/photo- 
meter and associated GSE was removed from Block 1-100 6 Block 11 
manuals in accordance with AC KD-2210. All manuals and JDC's at 
that point in time were relegated to a periodic revision status. 

7.5.2.3 LM Documentation 

SPECIFICATIONS Specifications for the LM effort were com- 
pleted. In accordance with ERP-122, which retrofitted the LM 
eyepieces for installation of eyepiece heaters and insulation. 

LM MANUALS The KI inputs to the LM manuals were completed 
and shipped to AC on 4 March 1966. JDC's in support of the test 
and alignment efforts were also shipped concurrently. 

REPORTS Reports were completed and submitted as required 
during the quarter. 

7.6 SUMMARY OF THE YEARS 1967, 1968, and 1969 

7.6.1 Assignments 

Documentation Administration 

b. Maintenance of Specs & Procedures 

c. Maintenance of Manuals 

d. Preparation of RIB's & RWS's 

e. Preparation of Reports 

7.6.2 Accomplishments 

DOCUMENTATION AUMINISTRATION. Documentation schedules dere 
maintained in support of CM/LM effort RIB's, RWS's and contractually 
required r9ports were completed and submitted as required during 
this period. Acceptance Data Packages were provided with each 
unit delivered during this period. 
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7 ,6 ,2 .1  Block I1 

SPECIFICATIONS, A l l  s p e c i f i c a t i o n s  were completed and a c c e p t e d ,  
Revisions on  t h e s e  documents were ma in ta ined  olr a r e g u l a r  b a s i s ,  

OUA p r o c e d u r e s  f o r  Block I1 c o n f i g u r a t i o n s  b e i n g  ma in t a ined  
numbered 162,  J D C 8 s  c o n t a i n e d  i n  t h e s e  p r o c e d u r e s  numbered 2 6 5 ,  
Revisions t o  t h e  a forement ioned  documents t o t a l e d  168,  

MANUALS. Manual and 3 D C  r ev i s ion  e f f o r t  c o n t i n u e d  d u r i n g  
t h i s  p e r i o d ,  

7 ,6 ,2 ,2  LM Documentation 

SPECIFICATIONS. S p e c i f i c a t i o n s  f o r  t h e  LM were completed d u r i n g  
t h i s  p e r i o d ,  Maintenance p rocedure  was i n s t i t u t e d ,  a t o t a l  c~f  4 4  
documents were i n v o l v e d ;  J D C 8 s  c o n t a i n e d  t h e r e i n  t o t a l e d  39. 

MANUALS, Manual and J D C  r ev i s ion  e f f o r t  c o n t i n u e d  d u r i n g  t h i s  
p e r i o d ,  
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S e c t i o n  8 

FIELD OPERATIONS 

8.1 SUMMARY OF PERIOD 1964  - 1965 

I 8.1.1 Organ iza t ion  

The f i e l d  o p e r a t i o n s ,  Block I ,  s u p p o r t  was i n i t i a t e d  i n  1964. 
The Block I1 f i e l d  o p e r a t i o n s  s u p p o r t  began p r i o r  t o  t h e  d e l i v e r y  
o f  t h e  Block I1 hardware i n  1965. 

The o r g a n i z a t i o n a l  s t r u c t u r e  o f  t h e  group a t  t h i s  t i m e  i s  
ind$ .ca ted  i n  F i g u r e  8-1. 

Manpower deployment and assignment o f  F i e l d  Opera t ions  Engi- 
n e e r i n g  pe r sonne l  i s  d e p i c t e d  i n  F igure  8-2. 

8.1.2 Accomplishments 

TR AINING - A Block I1 t r a i n i n g  p l a n  was completed and svbmit- 
ted t o  AC E l e c t r o n i c s .  This  t r a i n i n g  p l a n  w a s  accomplished i n  
accordance w i t h  t h e  p r o v i s i o n s  of the e x i s t i n g  c o n t r a c t u a l  o b l i -  
g a t i o n s  o f  Kollsman r e l a t i n g  to t h e  t r a i n i n g  o f  i t s  f i e i C  oper-  
a t i o n s  p e r s o n n e l ,  i n c l u d i n g  f i e l d  e n g i n e e r s  and associate engi -  
n e e r s .  Detail p lanning  of each course  was inc luded  t o  i n d i c a t e  
the c o n t e n t  o f  t h e  c o u r s e ,  method o f  i n s t r u c t i o n ,  and i n s t r u c t o r s  
u t i l i z e d .  

INDUSTRIAL CONTRACTOR T R A I N I N G  - F i e l d  personnel  3 f  t h e  In-  
d u s t r i a l  P s n t r a c t o r  r ece ived  i n t e n s i v e  t r a i n i n g  a t  their home s i t e  
on Block X I  and LM prime and s u p p o r t  o p t i c a l  equipment. Th i s  
t r a i n i n g  s t r e n g t h e n e d  t h e  systems t r a i n i n g  they  r e c e i v e d  from t h e  
p a r e n t  company and enabled  a l l  f i e l d  pe r sonne l  t o  f u n c t i o n  as a 
s i n g l e  suppor t  team a t  the f i e l d  sites. Proper c r o s s t r a i n i n g  
c o n t r i b u t e d  t o  the s a t i s f a c t o r y  completion o f  t h e  Apollo F i e l d  
Opera t ions  f u n c t i o n .  

SPECIAL T R A I N I N G  - From t i m e  t o  t i m e  i t  became necessa ry  to 
p rov ide  b r i e f  reviews and o r i e n t a t i o n s  t o  o f f i c i a l  v i s i t o r s  and 
i n s p e c t i o n  parties.  

UPGRADE T R A I N I N G  - The upgraded t r a i n i n g  c o n s i s t e d  o f  t r a i n -  
i n g  K I  personnel  c u r r e n t l y  a s s igned  to f i e l ~  sites on Block IX and 
LM equipment. Upgrade t r a i n i n g  a t  NAA w a s  scheduled  and completed 
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Figure 8-1. Field Operations Organization C h a r t  
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F igure  8-2. Fie ld  Operations S i t e  Tenure 
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Apr i l  19-23, 1965 f o r  Block I1 and LM. Duplicate se8sions ware 
h e l d  each day f o r  5 days cons i s t ing  of  4 hours i n  t h e  mosning and 
then repeated i n  t h e  afternoon. 

The t r a i n i n g  schedule,  f o r  t r a i n i n g  of a d d i t i o n a l  f i e l d  engi- 
near8 on Block I1 Equipment is  depic ted i n  T a b l e  8-1. 

i 8.1.3 Support Raport ins I 
I 

During t h i s  per iod  t h e  major p a r t  o f  f i e l d  support  e f f o r t  was 
expended on the checking o u t  and i n t e g r a t i n g  of Block I1 GSE test 
equipment. 

Concurrent w i th  above, Block 1-100 hardware started to  become 
available. U t i l i z a t i o n  and t e s t i n g  of t h i s  equipment embled t h e  
f i e l d  engineers  to  l a y  t h e  groundwork f o r  t h e  advent o f  the Block 
I1 herdware which a r r i v e d  i n  1966. 

A s  problems arose, s p e c i a l  f i e l d  reports ware i ssued ,  out- 
l i n i n g  the d i f f i c u l t y  and augges ted c o r r e c t i v e  ac t ion ,  Two s ign i -  
f i c a n t  r e p o r t s  during t h i s  per iod are listed below. 

a. A new procedure was recommended f o r  azimuth determination. 
There was a p o s s i b i l i t y  that  MIT might r e l a x  t h e  o v e r a l l  
accuracy. The new procedure was o f f e r e d  as an in t e r im 
measure f o r  e f f e c t i v e  u t i l i z a t i o n  of manpower, i 

b, An alignment and c e r t i f i c a t i o n  procedure was developed 
f o r  t h e  por ro  prism for use as a G & N Lab azimuth re- 
ference  device.  The procedure covered mounting the porro 
prism to t h e  pedes t a l  assembly and a l ign ing  it to north/  
south  bench marks. 

8.1.4 T e s t  S t a t i o n s  

I 
Figures 8-3 through 8-5 show t y p i c a l  l ayouts  o f  T e s t  S t a t ions .  

1 8 .1  SUMMARY OF YEAR ENDING 33 DECEMBER 1966 

8.2.1 Assignments 

Training continued for a d d i t i o n a l  f ie ld  engineers ,  spares  
provisrionfng, procurement, maintenmce and a n a l y s i s  support ,  
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Table 8-1 

KOLLSMAN F/O TRAINING SCHEDULE 

# 

1 9 6 5  
-.----_I_- 

1 1966 
J F M A M J J A S O N D J F  

bpt,Engr, Opt. Engr. 

Fie ld  Op. Course Course 
#2.1  42.1 
3 2 I 

2 
Z 

U 
4 

Upgrade 
Training 3 3 
On S i t e  n w 

% 5G 
F 

System Training 
I 

by AC a t  
% 
0 

KIas f a c i l i t y  4 

Subsys tern 
Training by WAS SCHEDULED UPON aEQlUEST OF AC 
K I  a t  AC 

2 3 

NOTE 1. Upgrade training w a s  scheduled as required by Block 11 
Modifications , 
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Figure 8-3. AOT/LM T e s t  Station 
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Figure  8-4. Universal T e s t  S t a t i o n  (TYP.) G and N Lab Area 
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RRWRIWCR PLATFORM t RIP. ) 

\ ---. . - ... 

6 N INSTAILATION OUAIIVICATlON 
FIXTURE SMOWN ) OR AZIMUTH 
REFERENCE C l  XTURE 

Figure 8-5. s/C-C/O Area 
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8.2.2 Accomplishaents 

TRAINING - A F i e l d  Operat ions Engineer class was completed 
and the gradua tes  ass igned to  a G and N Systems t r a i n i n g  courtse a t  
KSC conducted by in* f , ? s t ruc to rs ,  Upon completion of the course ,  
26 February 1956, the t r a i n e e s  reported to t h e  K I  u n i t  a t  KSC f o r  
duty. 

In - se rv ice  t r a i n i n g  f o r  Documentation Engineers was started 
dur ing  the second q u a r t e r  of 1966. The update t r a i n i n g  of  f ie ld-  
ass igned personnel  was completed during this q u a r t e r .  F ie ld  engi-  
n e e r s  were re tu rned  t o  Syosset  and underwent t r a i n i n g  t h a t  in-  
c luded a s t a y  a t  Grumman to  i n s p e c t  and work with the LM/AOT, 

A t r a i n i n g  program w a s  adminis tered  a t  Cape Kennedy to 20 of 
t h e  G c N s t a f f ,  inc lud ing  NASA, NAA, and AC E l e c t r o n i c s  personnel ,  
The course  dealt s o l e l y  w i t h  t h e  LM/AOT. 

8.2.3 Maintenance - Analye is Support  

Maintenance Anhlysis  i n p u t s  f o r  the Command Module (CM) and 
the Lunar Excursion Module (LEM) were submit ted i n  accordance w i t h  
t h e  c o n t r a c t u a l  requirements. These i n p u t s  included the fol lowing 
reports : 

Bulk I t e n s  L i s t  

Equipment S t a t u s  and Location Report 
C a l i b r a t i o n  Requirement Summary 
Maintenance Engineering Analys is  Form "Dw 
Main ta inab i l i t y  Design Evaluat ion  Report 

Preven t ive  Maintenance Requirement List 
Recommended Apollo Ground Equipment L i s t  

Sof t  Consumables L i s t  

Tool List 
Handling and Ins t a l l a t i o n  Procedures 
Checkout and Alignment Proce.dures 

I 
1 

F a c i l i t y  Requirements . 
I 

All basic maintenance a n a l y s i s  efforts were completed for both 
CM and LEM, 

The ?Ilaint:~xnability Design Evaluat ion  Reports f o r  CM and LEM 
were also completed, 

E 
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8.2.4 Field Operat ions  Personnel Deployment 

During 1966 t h e  fol lowing a d d i t i o n a l  assignments were made: 

N o ,  o f  Eng, 
As8iqn.d T i t l e  - - S i t e  

O p t ,  Eng, KSC 

Opt,  Eng, KSC 

O p t ,  Eng, GAEC 

Opt. Eng. KSC 

Opt. Eng. GAEC 

8.2.5 Support  Repor t inp  

E f  f e c t i v a  
Date 

During this per iod ,  a c t i v i t y  a t  t h e  North American Aviat ion 
I 

s i t e  was accelerated w i t h  t h e  a r r i v a l  o f  t h e  f i r s t  Block I1 hard- i 

ware (AGE 201) , Concurrent wi th  t h i s  f i e l d  suppor t ,  e f f o r t  was i 

concen t ra ted  on r e so lv ing  i n t e r f a c e  and test procedure problems, 
S i g n i f i c a n t  problems i n  t h i s  a r e a  are listed b e l ~ w .  1 

d 
w j  

a. A problem w a s  encountered on CUA 201 concerning t h e  l i m i t  
cyc l e  i n  t h e  SCT s h a f t .  A l i m i t  c y c l e  o f  ,04O peak to 
peak wi th  a per iod  o f  approximately t h r e e  seconds was 
noted  dur ing  OSS t e s t i n g  o f  t h e  first Block I1 Unit,  
ACED f e l t  t h a t  t h i s  might r e s u l t  i n  a manufacturing pro- 
blem. Adjust ing and torquing the ant i -backlash  g e a r  did 
n o t  s o l v e  the problem, Fu r the r  i n v e s t i g a t i o n  cont inued 
i n  this area, 

b. An a n a l y s i s  w a s  made on t h e  r e s u l t  o f  s e a l i n g  the o p t i c a l  
u n i t  eyepiece  window with L o c k t i t e ,  The sealed u n i t  w a s  
tested by applying a torque of 25 inch/pounds, Those 
u n i t s  which did n o t  pass the to rque  test were resealed, 
using Kollsman i n s t r u c t i o n s ,  

c ,  During t h i s  period a severe  des ign  problem was disclosed 
concerning the  opera t ion  of  t h e  a s t r o s e x t a n t  door, Sub- 
sequen t  meetings f i n a l l y  raconunended t h e  i n s t a l l a t i o n  of 
a b l a t i v e  covers ,  and t h e  e l i m i n a t i o n  of t h e  a s t r o s e x t a n t  
doors. As MSC had exper ience  i n  us ing  a b l a t i v e  material, 
it was decided t h a t  the modi f ica t ions  for S/C 008, 011, 
012, and 014 would be f a b r i c a t e d  i n  MSC's shops. The 
i n s t a l l a t i o n  of t h e  f i r s t  ablat ive cobsrs on S/C 008 pre- 
s en t ed  many f i t  and i n t e r f a c e  problems. F i e l d  Support 
personnel  dur ing  t h i s  t i m e  s p e n t  much effort and a c t u a l l y  
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made t h i s  first i n s t a l l a t i o n .  To accomplish thir, it war 
necessary  t o  sand var ious  a r e a s  of  t h e  covers  to  ga in  
p roper  f i t ,  and the epoxied a rea8  were d i f f i c u l t  to  s l i p  
i n t o  p l a c e  wi thout  omearing epoxy ove r  ad j acen t  partr. 
When t h e  a b l a t i v e  plugs were i n s t a l l e d  w i th  epoxy, they 
were sanded f l u s h  to the a b l a t i v e  f i l le r .  

d. A recommendation was made to  r e l o c a t e  t h e  a u t o s e t  target .  
on t h e  G r N  Q u a l i f i c a t i o n  F i x t u r e  ba8ep la te .  By reducing 
the SXT t runnion angle  and t h e  nominal ang le  between t h e  
target LOS, the a u t o s e t s  were placed i n  a better p ro t ec t ed  
p o s i t i o n  w i t h  t h e  same t a r g e t  symmetty and W)S i n t e r -  
s e c t i o n  p o i n t  maintained.  

e. A new procedure was recommended f o r  i n s t a l l i n g  t h e  optical 
t a r g e t  s t a b i l i t y  q u a l i f i c a t i o n  f i x t u r e .  I t  had become 
apparen t  t h a t  the  a u t o s e t  l e v e l  l a t e r a l  al ignment waar 
p a r t i c u l a r l y  vu lnerab le  to  displacement  when t h e  equipment 
w a s  handled or  operated.  

f .  Changes were recommended i n  t h e  i n s t a l l a t i o n  and alignment 
of Me o p t i c a l  t a r g e t  GSE on t h e  spacecraft. I t  wa8 aug- 
gested t h a t  t h e  alignment procedure should be divided: a 
pre l iminary ,  w i t h  power o f f ,  and a f i n a l  when power i a  
a v a i l a b l e  t o  p o s i t i o n  the s e x t a n t  STLOS for ~ i g h t i n g .  

g. F i e l d  personnel  recommended a new procedure f o r  c e r t i f y i n g  
the G&N I n s t a l l a t i o n  Q u a l i f i c a t i o n  F i x t u r e  i n  order to 
main ta in  a v a l i d  c e r t i f i c a t i o n .  Prior t o  t h i s  t i m e  it 
was necessary  t o  use t h e  a l t i t u d e  chamber a t  t h e  Kennedy 
Space Center  which was t i m e  consuming and c o s t l y .  A re- 
movable f i x t u r e  and suppor t  b r a c k e t  wi th  precicrion t apered  
dowel p i n s  was suggested.  

8.3 SUMMARY OF THE YEAR ENDING 31 DECEMBER 1967 

8.3.1 Assiqnments 

Tra in ing  cont inued for a d d i t i o n a l  f i e ld  eng ineers ,  spares 
prov is ion ing  and procurement, maintenance and a n a l y s i s  support .  

8.3.2 Accomplishments 

TRAINING - Train ing m a t e r i a l s  and course  c o n t r o l  documents 
were r e v i s e d  to  conform w i t h  t h e  most r e c e n t  con f igu ra t i on  of 
equipment. 
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Conferences wi th  Kollrman f i e l d  personnel and inspec t ion  of  
laboratory and aarembly area8 provided an opportunity f o r  exchmga 
of the  la ter t  information. I n  addi t ion  to t h e  periodic r e t u r n  to 
Kollrman by lead engineers ,  Koll~man rep re ren ta t ivas  a t  N M  worked 
wi th  Engineering a t  t h e  Syosset f a c i l i t y  on p rob lem which devaloped. 

8.3.3 F i e l d  Operations Deployment 

There were no new f i e l d  assignments made during t h i r  repor t ing  
t period. F i e l d  operat ion8 deployment was maintained a t  i t 8  1966 

level. 

During t h i s  per iod,  t he  f i e l d  e f f o r t  concentrated on ensuring 
the meeting of  echedule commitments i n  preparat ion f o r  t h e  Apollo 
f l i g h t s  i n  e a r l y  1968. 

Support Reporting 

During t h i a  period support  emphasis was a h i f t e d  to  Kennedy 
Space Center i n  a n t i c i p a t i o n  of  the f i r s t  Apollo f l i g h t  i n  1968. 
F i e l d  suppor t  continued a t  an accelerated rate at: North M e r i c a n  
Aviation as Block I1 u n i t s  continued to be cycled thzough. Signi- 
f i c a n t  t e p o r t e  during this period are listed below. 

a. A r e p o r t  was prepared def in ing  t h e  requirement8 for t h e  '4 
o p t i c a l  GSE i n  the  VAB. The optical targets were pra- 
sented (with a l t e r n a t e  s o l u t i o n s  f o r  t h e  i n s t a l l a t i o n  of 
the targets) and o t h e r  o p t i c a l  considerat ions  f o r  OUA 
t e s t i n g  were also discussed. 

b. An ana lys i s  was prepared, descr ib ing  a propored i n s t a l l -  
a t i o n  o f  o p t i c a l  t a r g e t s  i n  ,the "An Bay of t h e  v e r t i c a l  
assembly bui ld ing f o r  use i n  gyro compaaesing v e r i f i c a t i o n .  
An ad jacent  bui ld ing roof w a s  found to  be s u i t a b l e  for 
mounting t h e  targets. 

c. A short o p t i c s  test was prepared to  meet spacec ra f t  re- 
test requirements. The proposed test was a quick oper- 
a t i o n a l  check of  o p t i c s ,  exe rc i s ing  those  funct ions  and 
modes which do n o t  requi re  LOS measurements and optical 
t a r g e t  GSE. 

d. An ana lys i s  descr ibing the problems of SXT t a r g e t  image 
motion non- l inear i ty  i n  respect t o  hand c o n t r o l l e r  dis- 
placement w a s  completed. I t  w a s  found t h a t  the problem 
w a s  due t o  gear  t r a i n  backlash, a s i t u a t i o n  which would 
be corrected by t h e  incorporat ion of ECP 590. a 
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e. An a n a l y r i s  was performed t o  i n v e s t i g a t e  SCT r h a f t  t ach  
monitor  load d i s tu rbance ,  associated wi th  SCT head mar8 
imbalance. I t  waa found t h a t  the SCT r h a f t  tach p u l r o r  
are a func t ion  o f  head mess umbalance, bear ing  and g e a r  
t r a i n  f r i c t i o n  and backlarh.  The head imbalance had no 
e f f e c t  on p o t e n t i a l  accuracy of t h e  SCT. X t  c o n t r i b u t a r  
on ly  a l i g h t  f l uxus t ion  i n  rlow rate, which i a  l imited by 
the magnitude of  gear t r a i n  backlarh .  

An eva lua t ion  and recommendation o f  t h e  eyepiece heatear  
tests was completed. The bench test performed war the 
same as *at performed f o r  acceptance wi th  t h e  except ion  
of t h e  h e a t  soak test,  f o r  w h k h  elquipment war n o t  avail- 
ab l e .  Fu t tha r  test would invo lve  a breakout  box and t h e  
d isconnect ion  o f  connector  i n  khe s p a c e c r a f t ,  which would 
n o t  v e r i f y  c i r c u i t  i n t e g r i t y .  A simple temperature t e a t  
war recommended, 

AOT - 
Concurrent wi th  t h e  B l s c k  X I  OUA effort ,  f i e l d  suppor t  person- i 

n e l  began to expand i n  t h e  AOT area, Some s i g n i f i c a n t  problems k 

follow. 

a. fr ight  scatter r e f l e c t e d  t o  the AOT wae i nvea t iga t ed .  
T e s t s  were performed to d.etermine the effect of l i g h t  re- * 

, 
flected from t h e  rendezvous radar antenna. I t  was decided, j 

however, t h a t  as t h e  antenna s imu la to r  ursed was unpainted,  4 
C 
C 

it should  d u p l i c a t e  t h e  a c t u a l  u n i t .  3 P 

b. Dust p a r t i c l e s  and imperfec t ions  were found i n  a l l  AOT 
reticles S/N 605 through 610. An eva lua t ion  o f  t h e  im-  
p e r f e c t i o n s  was completed and a r e p o r t  was prepared,  

c .  Evaluat ion  of t h e  data ob ta ined  a t  K i t t  Peak wagl prepared. 
Data w a s  collected on AOT reticle imperfec t ions  and l i g h t  
scatter effects. 

8.4 SUMMARY PERIOD 1968 AND 1969 

8.4.1 Accomplishments 

This  yea r  marked t h e  beginning of ehe f i r s t  f l i g h t s  for t h e  
Optical Unit  Assembly (OUA). Apollo 7 and Apollo 8,  flown i n  
October and December, r e s p e c t i v e l y ,  both c z z r i e d  t h e  OUA, 
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During this y e a r ,  f i e l d  suppor t  efgoott became focused on sup- 
p o r t i n g  n o t  on ly  these t w o  f l i g h t s ,  b u t  the scheduled moon f l i g h t 8  
for 1969. 

T R A I N I N G  - During t h e  per iod  covered by t h i s  report, t h e  
Tra in ing  Sec t ion  maintained c u r r e n t  t r a i n i n g  matezials, and provided 
updated t r a i n i n g  to  f i e l d  personnel  r e tu rn ing  to t h e  Syassnt  tacf- 
l i t y  from NAR, Downey, C a l i f o r n i a  and from Kennedy Space Center ,  
F lo r ida .  Representa t ives  of t h e  Tra in ing  Sec t ion  v i a i t e d  AC 

I E l e c t r o n i c s  Divis ion  a t  Milwaukee t o  d i scus s  fuxure t r a i n i n g  
schedules  and courses  . 
8.4.2 Material and Spares  I n t e q r a t i o n  

a. LM AirLmrne, CM Airborne and GSE Spares, which 
were au tho r i zed  dur ing  t h i s  r,ericK;, were released 
f o r  manufacturing and/oc p r o c u r s i m t  . 

b. Prov is ion ing  o f  s p a r e s  i n suppor t  of ERP's continued. 

c . Reprovis i on ing  of  consumed spares continued. 

d. P repa ra t i on  of Cost and Del ivery  Schedule,  f o r  
t hose  s p a r e s  approved a t  t h e  Apollo Spares Fra- 
v i s i o n i n g  Conference was accomplished. 

MAINTENANCE ANALYSIS - Maintenance Analysis  i n p u t s  were 
reviewed f o r  in format ion  p e r t i n e n t  to  support ,and when app l i cab l e ,  
submit ted  . 
8.4 .3  Support  Repor t ing  

With the advent  o f  t h e  Apollo f l i g h t s ,  i n v e s t i g a t i o n s  began 
to t a k e  place r e l a t i v e  t~ p o e t - f l i g h t  cond i t ions .  Some of t h e s e  
f inding8 are l isted below: 

a. The post recovery removal and eva lua t ion  o f  the NAV Base 
Optics .Assembly from Spacecraft 17 w a s  completed. The de- 
gree of burn was i n spec t ed  and evaluated .  Except for 
heat effect, the exposed optics o u t s i d e  t h e  C/M 8howed no 
s i g n i f i c a n t  damage. 

b. The post  recovery removal and e v a l u a t i o n  of t h e  o p t i c a l  
u n i t  from s p a c e c r a f t  1 0 1  was completed. The amount o f  
burn w a s  moderate. The t runn ion  mirrors and t h e  SCT 
double dove prism were d i sco lo red  and covered w i t h  ~ a l t -  
wa te r  depos i t s .  The SXT and SCT s h a f t  axes were f rozen ,  
probably due t o  s a l t  water immersion. 
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c .  The p o s t  f l i g h t  removal of  the o p t i c a l  u n i t  from apace- 
c ra f t  020 was completed. Visual  inspec t ion  ind ica t ed  a 
g r e a t e r  degree of  burn than was observed on spacecra f t8  
011 and 017, Tho SXT trunnion mirror and t h e  SCT double 
dove prism ware diocolored and covered w i t h  burn reclidue 
and s a l t  water  depos i t s .  Both t h e  s h a f t  and t runniqn 
axes were frozen and would no t  respond t o  power d r i v e  
s i g n a l s ,  

I n  a d d i t i o n  t o  the p o s t - f l i g h t  analyses ,  f i e l d  personnel  
were a c t i v e  i n  the suppor t  of OUA and AOT procedures and problems. 

a, A proposed eva lua t ion  o f  t h e  LC-34 o p t i c a l  target s tab-  
i l i t y  test ,  performed a t  the Kennedy Space Center  wac 
completed. The test w a s  proposed to  determine t h e  ac- 
curacy of  o p t i c a l  s igh t inge  from l e v e l  F 224 o f  t h e  mobile 
s e r v i c e  s imula tor  to  the LC-34 o p t i c a l  t a r g e t s ,  I t  was 
concluded t h a t  accure te  o p t i c a l  s i g h t i n g s  can be made, 
The s t a b i l i t y  of  the targets however, was ques t ionable ,  

b. An eva lua t ion  descr ib ing  t h e  SXT s h a f t  l i m i t  cycles i n  
OPTICS CMC mode w a s  prepared., I t  was concluded t h a t  the  
discrepancy was due to normal CMC coarse  a l i g n  opera t ion.  
As the OPTICS CMC Mode is used to  pos i t i on  t h e  o p t i c s  to 
a desired t a r g e t  and n o t  to  make p r e c i s e  measurements, it 
w a s  f e l t  t h a t  t h e  cyc l ing  i n  coame a l i g n  would n o t  af -  
f e c t  ope ra t iona l  use,  

c. An a n a l y s i s  w a s  performed on t h e  Opt ica l  Target alignment 
procedure. Careful  review surA p e r t i n e n t  alignment d a t a  
reaff i rmed t h a t  t h e  procedure used with JDC 12223 for 
target no. 1 pos i t i on ing  to  t r u e  North had been correct, 
The 1 8  minute misaligrment appeared to  be due to  t h e  
equipment conf igura t ion ,  which does n o t  p r e c i s e l y  repre- 
s e n t  t h a t  a t  NR G/N Lab, 

d, A r e v i s e d  assembly procedure w a s  recommended, f o r  i n s t a l -  
l i n g  t h e  AOT pressure  seal, clamping r i n g ,  and f lange.  
As it was d i f f i c u l t  to a l i g n  t h e  mounting screw hol.es, it 
w a s  suggested t h a t  indexing mark should be added t o  the  
p a r t s .  

e. An i n v e s t i g a t i o n  and eva lua t ion  i n t o  the cause f o r  t h e  A0T 
binding problem i n  W-4 w a s  completed, The problem w a s  
caused by improper i n s t a l l a t i o n  o f  t h e  e n t i r e  cover as- 
sembly. Procedures f o r  preventinc! a  similar problem w a s  
proposed. 
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Much of  zhe Fie ld  Operations e f f o r t  during the  busy launch 
schedule was u t i l i z e d  i n  surve i l l ence  pr ior  to the f lj.ght and 
ready etand-by support during the  ac tua l  f l i q h t ,  In aurnmary, the  
f i e l d  support effort pursued and insured a smooth intexgration of 
Kollsman Apollo hardware to  the  G 6 N System and subsaqueat launch 
missions,  
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